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ABSTRACT 

The objective of this research is to establish a precise, simple and rapid UV spectroscopic technique for the simultaneous 

estimation of 5-Fluorouracil (5-FU) and Xanthone (XAN) in a combination dosage form. The absorption maxima (λmax) 

for 5-FU and XAN were recorded at 263 and 258 nm, respectively. Both drugs obey Beers' law within the concentration 

limits of 2-12µg/ml. A high degree of linearity was attained with correlation coefficient values of 0.9929 for 5-FU and 

0.9977 for XAN. The technique was validated according to ICH Q2(R1) guideline exhibiting acceptable accuracy, 

precision, specificity, LOD of 1.2418 µg/ml and 1.2467µg/ml, while LOQ of 3.765µg/ml and 3.778µg/ml for 5-FU and 

XAN, respectively. Recovery study (%RSD) showed values ranging from 98 to 102.1% for 5-FU and from 82.3 to 90% 

for XAN. The results of the developed methods were statistically validated and exhibited consistent performance. The 

findings verify that this method is reliable and can be effectively implemented for the simultaneous determination of 5-FU 

and XAN, loaded in an ultradeformable liposome (UDLs) formulation. The established method is essential for quantifying 
the drugs and supporting formulation characterization parameters such as percent entrapment efficiency and drug release 

profile.. 
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INTRODUCTION 

5-Fluorouracil (5-FU) is a widely used antineoplastic agent 

prescribed for the treatment of several malignancies, such 

as breast, head, neck, colon, pancreas and stomach cancers1-

3. 5-Fluoro-2, 4-dihydroxypyridine, commonly known as 5-

FU, is a chemotherapeutic agent classified as a 

fluoropyrimidine antimetabolite. It exerts its anticancer 

effects primarily by disrupting DNA synthesis, resulting in 

suppression of tumor cell proliferation4. Xanthone (XAN), 

a natural polyphenol, has a broad spectrum of biochemical 

and pharmacological properties, including anti-leukemic, 

anti-inflammatory, anti-cancer, antioxidant, anti-
atherosclerotic, anti-hypertensive, antiviral, anti-mutagenic 

and antidiabetic activity5-7. XAN anticancer effects are 

principally mediated by the induction of apoptosis, cell 

cycle arrest, suppression of tumor initiation and anti-

invasive potential. 5-FU is freely soluble in water and 

methanol8,9, whereas XAN is soluble in methanol but has a 

very low water solubility of 2.03104 mg/L10,11. The 

chemical identity of both drugs, 5-FU and XAN, is 

presented in Figure 1 to elucidate a clear understanding of 

the molecular properties 12,13. The hypothesis behind the 

combination of 5-FU with XAN markedly enhances the 

inhibition of cancer cell proliferation compared to their 

individual effects, illustrating a synergistic effect that 
improves therapeutic efficacy while potentially minimizing 

dose-dependent toxicity 1,14. The in vitro and in vivo 

anticancer efficacy of a 5-FU and XAN combination in 

ultra-deformable liposomes (UDLs) is being investigated in 

our laboratory to enhance the biodistribution of UDLs 

compared to conventional liposomes. 

  

 
Figure 1. 5-FU and Xan chemical structure, IUPAC, 

Chemical formula and molecular weight [12,13] 
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A review of the literature suggests that UV 

spectrophotometry has been effectively utilized to estimate 

both 5-FU and XAN individually. There are many methods 

reported for determining 5-FU when combined with other 

drugs 9,15–19. There is currently no analytical method 
reported for the simultaneous estimation of 5-FU and XAN 

in mixed or combined dosage forms. This study aims to 

provide a cost-effective UV spectrophotometric technique 

for the simultaneous quantification of two drugs when 

dispensed in combination. The objective is to develop an 

ultra-deformable liposome (UDLs) formulation that 

integrates 5-FU and XAN as pharmacologically active 

compounds, advancing from conventional therapy to more 

advanced treatment regimens for skin cancer treatment. A 

combination of drugs is difficult to estimate and quantify 

the active ingredients in the formulation. Using UV 

spectrophotometry, simultaneous estimation can be 
performed using the derivative method in UV 

multicomponent analysis, specifically in cases involving 

mixtures with spectral overlap issues. UV 

spectrophotometry remains a widely used method due to its 

simplicity, specificity, rapid analysis and low operational 

cost 17, 20.  

This research aimed to develop a rapid, economical, 

accurate and robust procedure for the simultaneous 

determination of 5-FU and XAN in topical UDL 

formulations. The in vitro and in vivo anticancer efficacy of 

a 5-FU and XAN combination in ultra-deformable 
liposomes (UDLs) is being investigated in our laboratory to 

enhance the biodistribution of both drugs compared to 

conventional liposomes. In comparison to sophisticated 

chromatographic techniques like HPLC and HPTLC, the 

proposed method offers a simpler and cost-effective 

alternative for the quantification of drugs 21,22. The 

procedure was validated as per the ICH Q2(R1) guidelines 
23,24. To enhance quality assurance, an Ishikawa (fishbone) 

diagram was developed to evaluate possible causes and 

contributing factors of a problem or effect known as critical 

management practices (CMPs) (Figure 2) 25,26. The 

successful application of developed and validated methods 
to UDLs highlights its importance in solving critical 

pharmaceutical challenges, providing a robust strategy for 

quality control and assurance in the simultaneous 

assessment of combination medications 27. 

 
Figure 2. Ishikawa cause and effect diagram showing 

the method performance characteristics of the UV 

simultaneous estimation method development 

2. MATERIALS AND METHODS 

2.1 Materials 

Pure 5-FU and XAN were purchased from Sigma Aldrich. 

Soya phospholipid was a kind gift from Lipoid GmbH, 

Germany. Tween 80, Ethanol (99%), and methanol were 
purchased from local suppliers. The other chemicals and 

reagents were of analytical grade and obtained from a local 

vendor. 

2.2 Instruments 

A digital balance machine (Contech CAI Series) was used 

to weigh samples accurately. Instrument used for method 

validation (Shimadzu UV-1900i Model with UV Probe 

software version 2.70), using two sets of quartz cuvettes (1 

cm path length). The formulation characterization processes 

utilized a rotary evaporator (D Lab, Made in China), a 

magnetic stirrer (REMI), a centrifuge machine (NEYA 16R, 

REMI, Mumbai, India) and an ultrasonic bath sonicator 
from Borosil Scientific (UCB model). 

2.3 Determination of λmax 

To produce a stock solution of 100 μg/ml, 10 mg of 5-FU 

and XAN were dissolved in separate 100 ml volumetric 

flasks and the volume was make up with methanol. 1 ml 

from the stock solution flask was added to a 10 ml 

volumetric flask to achieve a concentration of 10 μg/ml. 

Blank samples and previously prepared samples with 10 

μg/ml concentration were scanned between 200 and 400 nm 

to determine the λmax of both active constituents 17,28. 

2.4 Preparation of working solution 

Stock solutions of 5-FU and XAN were prepared in 

methanol individually by dissolving the required amount of 

each drug in a volumetric flask to get a final concentration 

of 100μg/ml 29. 

2.5 Simultaneous equation method  

The absorptivity values for 5-FU and XAN were 

determined in methanol within the concentration range of 

2-12 µg/ml. Using a UV spectrophotometer, the maximum 

absorbance (λmax) of 5-FU was observed at approximately 

263 nm, while that of XAN was found at 258 nm. The 

concentration of the two drugs in combination can be 

estimated using the simultaneous equation method, as 
represented below 30,31. 

C5FU or C𝑥 = A1 ay2 − A2 ay1 / ax1 ay2 − ax2 ay1 

CXAN or C𝑦 = A1 ax2 − A2 ax1/ ay1 ax2−ay2 ax1 

Where 5-FU and XAN concentrations are expressed as Cx 

and Cy, respectively, a mixture of 5-FU and XAN 

(concentration from 2-12 μg/ml) 18. The absorbance of two 

solutions at 263 and 258 nm is shown by A1 and A2, 

respectively. Where ax1 and ax2 represent the absorptivity 

of 5-FU at λ1 and λ2, respectively, and ay1 and ay2 represent 

the absorptivity of XAN at λ1 and λ2, respectively. At both 
wavelengths, the drug absorbance maxima were measured. 

The methodology of simultaneous equations was used to 

determine the concentration. All experiments were 

performed in triplicate (n = 3). 

2.6. Validation 

2.6.1 Linearity (calibration curve) 

Calibration curves for 5-FU and XAN were established 

within a concentration range of 2 and 12 μg/ml. An aliquot 

standard solution of 2, 4, 6, 8, 10 and 12 µg/ml was 
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accurately prepared in 10 ml volumetric flasks. The 

absorbance of 5-FU and XAN was measured at their 

respective λmax values of 263 and 258 nm using pure 

methanol as a blank. The calibration curve was created by 

plotting the absorbance versus concentration and the 
regression equations, along with the correlation coefficient 

(R2), were calculated for both 5-FU and XAN 23,30. 

2.6.2 Precision 

For intra-day precision, 5-FU and XAN at different 

concentrations of 6, 8 and 10 μg/ml were analyzed three 

times on the same day at three-hour intervals [21]. Inter-day 

precision was determined by analyzing the same 

concentration (06, 08, and 10 μg/ml) across three distinct 

days. The accuracy of both intra- and inter-day studies was 

represented as the percentage relative standard deviation 

(%RSD) 23,32. 

2.6.3 Detection Limit (LoD) 

The LoD has been calculated using a group of six 

calibration curves that were analyzed to evaluate the 

method's linearity 33. 

The limit of detection (LoD) was computed using the 

formula provided below: 

LoD = 3.3*σ/S 

Here, σ = relative std. deviation of the response, S = slope 

of the calibration curve 23. 

2.6.4 Quantitation Limit (LoQ) 

The limit of quantification (LoQ) was calculated using a 

group of six calibration curves that were analyzed to 
evaluate the method's linearity. 

The LoQ was computed using the following formula: 

LoQ = 10*σ/S 

Here, σ = relative std. deviation of the response, S = slope 

of the calibration curve 23. 

2.6.5 Accuracy 

 Absorbance values were recorded for various 

concentrations of 5-FU and XAN (06, 08, 10 µg/ml). The 

drug concentrations were subsequently determined using 

the linear regression equation derived from the calibration 

curve. produced. The accuracy percentage was evaluated 

using the following equation 33. 

% Accuracy =
Experimental value

True value
× 100 

A total of three different runs were successfully completed. 

2.6.6 Robustness 

Three separate 5-FU and XAN (6, 8, 10 µg/ml) 

concentrations have been prepared and analyzed using 

various wavelengths. 5-FU was analyzed at 262 nm, 263 

nm, and 264 nm, whereas the drug solution of XAN was 

examined at 257 nm, 258 nm, and 259 nm. The absorbance 

at various wavelengths was measured, and the % RSD was 

estimated 23. 

2.6.7 IR data of standard drug 

The Attenuated Total Reflectance Fourier Transform 

Infrared (ATR-FTIR) spectra were recorded using a Bruker 

Alpha II spectrophotometer equipped with an ECO ATR 

accessory. For analysis, each drug sample (5-FU and XAN) 

was triturated into a fine powder and scanned in % 

transmission mode over the spectrum range of 4000-400 

cm-1 with an optimum resolution. The observed FTIR 

spectra were compared to the reference spectra of 5-FU and 

XAN to confirm the identity of the samples. 

The ATR-FTIR spectra of 5-FU displayed characteristic 

peaks associated with its functional group, including a 

broad band between 3000-3500 cm-1 indicative of N-H 
stretching, a sharp peak at 1721 cm-1 corresponding to C=O 

called carbonyl stretching, a peak at 1645 cm-1 representing 

C=C stretching in the pyrimidine ring and a peak at 1233 

cm-1 indicating C-N stretching within the cyclic structure. 

Additional peaks comprise C-H bending vibrations at 1416 

cm-1 and less intense bands for C-H stretching at 1168 cm-1 

as shown in Figure 3 12,34. The FTIR spectra of pure XAN 

represent characteristic peaks at 1649 cm-1 (C=O ketone 

stretching), 1597 cm-1 (C=C aromatic ring stretching), and 

1445 and 1327 cm-1, which correspond to C-O and C–O–

C ether stretching vibrations. Peaks at 873 and 615 cm-1 due 

to ring deformation vibrations in the fingerprint region, 
which were consistent with reported IR data for XAN 

(Figure 04) 13,35. 

 
Figure 3. ATR FTIR spectra of 5-FU [12] 

 
Figure 4. ATR FTIR spectra of XAN [13] 

 

2.6.8 Application of the developed and validated method 

 2.6.8.1 5-FU and XAN entrapment efficiency by UDLs 

The indirect method was employed for estimating the 

amount of 5-FU and XAN entrapped within the UDLs. The 

UDL formulation was centrifuged using a cooling 

centrifuge (NEYA 16R, REMI, Mumbai, India), maintained 

at a temperature of 4 °C and spun at 14,000 rpm for 30 

minutes to separate the unentrapped drug. 1 ml of 

supernatant was examined for drug concentration using a 
UV spectrophotometer (Shimadzu UV-1900i) at 263 nm 



Page: 2 3 5   

Development and Validation of a UV Spectrophotometric Method for the Simultaneous Estimation of 5-Fluorouracil and Xanthone 

with Application to Ultradeformable Liposomes for Cancer Therapy.. 

IJDDT, Volume 16 Issue 1s, 2026 

 
 

 

and 258 nm for 5-FU and XAN, respectively 36. The 

quantification was performed in triplicate using a 

previously validated simultaneous UV spectrophotometric 

method. The % EE have been determined using the 

following formula 15. 

% EE =
Amount of total drug taken−Unentrapped drug

Amount of total drug taken
× 100  

Additionally, as characterization parameters of the prepared 

UDLs, particle diameter and polydispersity index (PDI) 

were assessed using a Litesizer 500 (Anton Paar, Australia) 

equipped with dynamic light scattering (DLS) technology. 

Particle size measurements were done using diluted 

dispersions at 25°C and with an angle of detection of 173°. 

Each sample was analyzed in triplicate (n = 3) and the 

results are presented as the mean ± standard deviation (SD). 
Additionally, the Litesizer was used to calculate the zeta 

potential, which reflects the particle electrophoretic 

mobility. The Litesizer evaluated zeta potential, which 

assesses the electrophoretic mobility of particles. TEM 

studies were performed to establish the surface morphology 

of the prepared UDLs. 37,38. 

3. Result  

A UV spectroscopic technique was developed and validated 

for the simultaneous estimation of 5-FU and XAN when 

used in combination therapy. The approach was simple, 

sensitive, accurate, robust, and precise in nature. The λmax 

of 5-FU and XAN was determined using 10 µg/ml solution 
scanned across the wavelength range of 200-400 nm. The 

maximum absorbance peak was observed at 263 nm for 5-

FU (Figure 5) and at 258 nm for XAN (Figure 6); 

comparative spectra of both drugs are shown in Figure 7. 

 

 
Figure 5. UV absorption spectra of 5-FU in methanol at 

263 λmax 

 
Figure 6. UV absorption spectra of XAN in methanol at 

258 λ 

max 

 

Figure 7. Comparative UV spectra of 5-FU and XAN in methanol: a) single concentration and b) multiple 

concentrations
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3.1 Validation 

3.1.1 Simultaneous estimation of 5-FU and XAN in 

methanol 

A standard stock solution was prepared by mixing 5-FU and 
XAN at a concentration of 100 µg/ml. Using this stock 

solution, drug samples were prepared at concentrations 

ranging from 2 to 12 µg/ml. Next, the maximum absorption 

wavelengths of the 5-FU and XAN samples were measured 

at 263 (λmax 1) and 258 (λmax 2), respectively. The 

absorptivity coefficients of both drugs were calculated at 

these two wavelengths. For 5-FU, the absorptivity values 

were 0.0953 (ax1) at λ1 and 0.0774 (ax2) at λ2, whereas for 

XAN, the corresponding values were 0.0657 (ay1) at λ1 and 

0.0763 (ay2) at λ2 were found to be 0.06571 (ay1) and 0.0763 

(ay2), respectively. These values were subsequently 

converted into molar concentrations. The concentrations of 
5-FU (Cx) and XAN (Cy) in the combination were 

determined to be 6.369 µg/ml and 9.076 µg/ml, 

respectively, using the simultaneous mathematical 

equations (Table 1) 17. 

 

Table 1. UV spectrophotometer linearity data of 5-FU 

and XAN 

S. 

No. 

Conc. 

(μg/ml) 

5-FU XAN 

263 

nm 

258 

nm 

263 

nm 

258 

nm 

1 2 0.243 0.221 0.132 0.153 

2 4 0.404 0.389 0.271 0.313 

3 6 0.558 0.474 0.408 0.471 

4 8 0.696 0.544 0.531 0.616 

5 10 0.839 0.56 0.62 0.724 

6 12 1.025 0.684 0.776 0.908 
*Data are expressed as mean ± SD 

 

n=3; three repeated absorbance; SD: Standard deviation; 

D1: Drug 1; D2: Drug 2; 5-FU: 5-Fluorouracil; XAN: 

Xanthone; λ1: FU; λ2: XAN; A1: concentration of 5-FU; 

A2: concentration of XAN. 

3.1.2 Linearity and range 

Linearity was analyzed using standard solutions at six 

distinct concentrations ranging from 2 to 12 µg/ml for both 

5-FU and XAN, in accordance with Beer's law. The 

absorbance of 5-FU and XAN for each solution was 
measured at λ1 (263 nm) and at λ2 (258 nm) for XAN. The 

calibration curves exhibited linearity with regression 

coefficients (R²) of 0.9929 for 5-FU (Figure 8) and 0.9977 

for XAN (Figure 9), signifying a robust relation within the 

examined range. The LoQ was determined as 3.765 μg/ml 

for 5-FU and 3.778 μg/ml for XAN, while the LoD were 

1.2418 μg/ml and 1.2467 μg/ml, respectively, in accordance 

with the ICH guidelines. Additional validation parameters 

are summarized in Table 2 23. 

 

 

Table 2. Analytical validation parameters of the UV 

spectrophotometric method for 5FU and XAN 

Parameters 5-FU XAN 

Beer’s Law limit 

(µg/ml) 
2-12 μg/ml 2-12 μg/ml 

λmax (nm) 263 258 

Correlation 

Coefficient (R2) 
0.9929 0.9977 

Slope 0.0495 0.0083 

Intercept 0.0814 0.0744 

LoD (µg/ml) 1.2418 1.2467 

LoQ (µg/ml) 3.765 3.778 

5-FU: 5-Fluorouracil; XAN: Xanthone; λmax: absorbance 

maxima; LoD: Limit of Detection; LoQ: Limit of 

Quantification. 

 

 
Figure 8. Calibration curve for 5-FU at 263 nm in 

methanol 

 

 
Figure 9. Calibration curve for XAN at 258 nm in 

methanol 

 

3.1.3 Accuracy in recovery 

The proposed analytical methods have demonstrated 

remarkable accuracy, with recovery rates of 98% and a low 

standard deviation (SD). Recovery of 5-FU and XAN was 

evaluated using the standard addition method. The 

percentage recovery was found to be 98-102.1 % for 5-FU 

and 82.3-90 % for XAN (Table 3) 39. 
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Table 3. Accuracy as recovery data of 5-FU and XAN 

Dru

g 

True 

Concentra

tion 

(μg/ml) 

Absorba

nce 

Experime

ntal value 

% 

Accura

cy 

5-

FU 

6 0.558 6.13 102.1 

8 0.696 7.94 98.75 

10 0.839 9.8 98 

XA

N 

6 0.408 5.3 90 

8 0.531 7.06 89 

10 0.62 8.23 82.3 

 

Data are expressed as mean ± SD (n=3) 
3.1.4 Robustness 

Robustness was evaluated by measuring absorbance at 

different wavelengths for 5-FU (263 nm), and XAN (258 

nm). The %RSD values for samples with 10 µg/ml of 5-FU 

and XAN were determined to be 0.075241 and 0.733747, 

respectively, indicating the method's robustness (Table 4) 
23. 

Table 4. Robustness data of 5-FU and XAN 

Dr

ug 

Con

c. 

(μg/

ml) 

26

2 

26

3 

26

4 

Mea

n 
SD 

% 

RSD 

5-

FU 

6 
0.5
63 

0.5
64 

0.5
62 

0.563 0.001 
0.177
62 

8 
0.6

84 

0.6

85 

0.6

84 

0.684

333 

0.000

577 

0.084

367 

10 
0.7

67 

0.7

68 

0.7

67 

0.767

333 

0.000

577 

0.075

241 

Different wavelength data for 5-FU at 263 nm 

 

Dr

ug 

Con

c. 

(μg/

ml) 

25

7 

25

8 

25

9 

Mea

n 
SD 

% 

RSD 

X

A

N 

6 
0.4

76 

0.4

77 

0.4

73 

0.475

333 

0.002

082 

0.437

938 

8 
0.6

6 

0.6

6 

0.6

52 

0.657

333 

0.004

619 

0.702

658 

10 
0.8

32 

0.8

33 

0.8

22 
0.829 

0.006

083 

0.733

747 

Different wavelength data for XAN at 258 nm 

 
3.1.5 Precision 

Precision data was evaluated in terms of repeatability, 

intraday and interday variations. The %RSD values for 5-

FU and XAN at concentrations ranging from 6–10 µg/ml 

were within the permissible limits established by the ICH 

guidelines (>2%), indicating satisfactory repeatability 

(Table 5). In samples with a concentration of 10 μg/ml, the 

intraday precision exhibited a %RSD of 0.761464 for 5-FU 

and 0.39858 for XAN. While interday precision showed 

%RSD values of 1.434567 for 5-FU and 0.668467 for 

XAN. The results demonstrate that the proposed approach 

is accurate and reproducible (Table 6) 29. 

Table 5. Displays the acceptable percentage % RSD for 

5-FU and XAN, which were tested at different 

concentrations on three distinct days 

Dr

ug 

Con

c. 

(μg/

ml) 

Da

y 1 

Da

y 2 

Da

y 3 

Me

an 
SD 

% 

RSD 

5-

FU 

6 
0.5

69 

0.5

73 

0.5

75 

0.57

1 

0.003

055 

0.535

035 

8 
0.7

03 

0.6

89 

0.6

97 

0.69

6 

0.007

024 

1.009

162 

10 
0.7

64 

0.7

75 

0.7

73 

0.76

95 

0.005

859 

0.761

464 

XA

N 

6 
0.4

7 

0.4

72 

0.4

78 

0.47

1 

0.004

163 

0.883

935 

8 
0.6

47 

0.6

5 

0.6

62 

0.64

85 

0.007

937 

1.223

94 

10 
0.8

06 

0.8

07 

0.8

12 

0.80

65 

0.003

215 

0.398

58 

Three separate samples of three concentrations of a 

standard solution of XAN and 5-FU, A total of nine 

determinations were analyzed throughout three separate 

days. The first derivative absorbance was measured at 258 

and 263 nm, and the % RSD was calculated. 
 

Table 6. Displays the acceptable % RSD for 5-FU and 

XAN, which were tested at different concentrations on 

three distinct time intervals 

Dr

ug 

Con

c. 

(μg/

ml) 

12 

P

M 

3 

P

M 

6 

P

M 

Mea

n 
SD 

% 

RSD 

5-

FU 

6 
0.5

4 

0.5

3 

0.5

49 

0.539

667 

0.0095

04385 

1.761

158 

8 
0.6

7 

0.6

71 

0.6

87 
0.676 

0.0095

39392 

1.411

153 

10 
0.7

77 

0.7

56 

0.7

61 

0.764

667 

0.0109

69655 

1.434

567 

X

A

N 

6 
0.4

55 

0.4

57 

0.4

57 

0.456

333 

0.0011

54701 

0.253

039 

8 
0.6
33 

0.6
32 

0.6
49 

0.634 
0.0095
39392 

1.504
636 

10 
0.7

62 

0.7

69 

0.7

72 

0.767

667 

0.0051

31601 

0.668

467 

 

Three separate samples of three concentrations of a 

standard solution of 5-FU and XAN, a total of nine 

determinations, were analyzed at different time intervals. 

The first derivative absorbance was measured at 258 and 

263 nm, and the % RSD was calculated. 

3.1.6 Applications of the validated method 

The suggested approach was found to be adequate in 

analytical validation parameters. Entrapment efficiency 

studies of UDLs containing 5-FU and XAN were 

performed. The concentration of both drugs in the 
supernatant containing the entrapped drug was determined 

using the proposed simultaneous estimation method, and it 

was estimated to be 90 ± 0.56% for 5-FU and 75.77 ± 1.2% 
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for XAN in the formulation, respectively. These results 

suggest that the developed UDLs have a high capacity to 

simultaneously deliver both anticancer drugs effectively 

[40]. The optimized UDLs were analyzed for mean particle 

size, zeta potential, and surface morphology using TEM. 
The average particle size was 95.77 ± 1.12 nm, with a 

polydispersity index of 25.86 ± 1.5% (Figure 10(a)) 33. The 

Zeta potential of the optimized formulation was -12.56 mV 

± 0.98 (Figure 10(b)). TEM results revealed that the UDLs 

were spherical and nanoscale in size.  Figure 10(c) displays 

the TEM images of the formulations, verifying the spherical 

morphology of the multidrug-loaded UDLs with no surface 
irregularities 41. 

 

 

 
Figure 10. Fig 10. (a) Particle size of multidrug-loaded UDLs (XAN-5-FU-UDLs), (b) Zeta potential of multidrug-

loaded UDLs (XAN-5-FU-UDLs) and (c) TEM image of multidrug-loaded UDLs (XAN-5-FU-UDLs) 

 

4. DISCUSSION 

The findings of this study include significant implications 

for pharmaceutical analysis, particularly in the context of 

skin cancer therapeutics as a multidrug treatment approach. 

A UV spectrophotometric technique for the simultaneous 

estimation of 5-FU and XAN was successfully developed 

and validated. The proposed method was simple, accurate, 

precise, robust, and reliable for measuring both active 
constituents in the combined sample solution. The low 

values of calculated SD and %RSD confirm the method's 

suitability, with all results remaining within the acceptable 

limit of less than 2% as per ICH guidelines. This approach 

enhances analytical efficiency by enabling the simultaneous 

estimation of drugs when administered in combination, 

thereby ensuring robustness for quality control and 

regulatory compliance. The successful application of this 

approach in characterizing UDL formulation highlights the 

method's adaptability in modern drug delivery research. 

Future investigations could explore the robustness of this 
method under manufacturing conditions to evaluate its 

applicability to additional combined formulations. Overall, 

the established UV spectrophotometric method's reliability, 

efficacy and versatility make it an essential tool for routine 

assessment and regulatory compliance. Moreover, the 

ability to apply this method to UDLs underscores its 

practical importance in advancing innovative formulations 

for effective skin cancer care. 

 

5. CONCLUSION 

The developed spectrophotometric approach proved to be 

linear, precise, specific, and accurate for estimating 5-FU 

and XAN in combination therapy. The approach was 

validated as per ICH Q2(R1) guidelines and successfully 

quantified both drugs. The method application in 
multidrug-loaded UDLs was established, demonstrating 

precision and accuracy in determining the %EE of both 

drugs. The low limits of detection and quantification for 5-

FU and XAN confirmed the appropriateness of this method 

for assessing drug entrapment efficiency and formulation 

stability. The prepared UDL formulation is under 

investigation for the synergistic anticancer efficacy when 

given in combination. The validated method enables the 

simultaneous quantification of 5-FU and XAN in 

multidrug-loaded UDLs, supporting the in vitro 

characterization of drug release as one of the key 
parameters of physicochemical characterization and 

stability studies. This analytical technique can be 

effectively applied to pharmaceutical research and quality 

control for the routine evaluation of advanced drug delivery 

systems in the treatment of skin cancer. 

Author contributions 



Page: 2 3 9   

Development and Validation of a UV Spectrophotometric Method for the Simultaneous Estimation of 5-Fluorouracil and Xanthone 

with Application to Ultradeformable Liposomes for Cancer Therapy.. 

IJDDT, Volume 16 Issue 1s, 2026 

 
 

 

Shalini Singh: Writing - original draft, Methodology. 

Sanjeev Kumar Patel: Writing - review & editing, 

formatting, graphical representation. Swati Dubey and 

Geetika Sharma: Data curation, Validation, Formal 

analysis, Sunita Minz: Validation Supervision, Software, 
Resources, Project administration, Methodology, Data 

curation, Conceptualization. This study is part of the 

research work conducted by the author, Shalini Singh, for 

her PhD thesis. All authors examined and approved the final 

version of the manuscript for publication. 

Data Availability Statement 

Data supporting the findings of this study are available upon 

reasonable request from the corresponding author. 

Funding 

This research received no external funding. 

Conflict of interest 

The authors declare that they have no known competing 
financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 

Acknowledgments 

All authors sincerely thank Indira Gandhi National Tribal 

University, Amarkantak, Madhya Pradesh, India, for 

permitting this study and providing the necessary 

instruments and laboratory facilities. Author Shalini Singh 

gratefully acknowledges IGNTU, Amarkantak, for 

providing financial support through the university 

fellowship. 

 
REFERENCE 

1. Longley DB, Harkin DP, Johnston PG. 5-

Fluorouracil: Mechanisms of action and clinical strategies. 

Nat Rev Cancer 2003;3:330–8. 

https://doi.org/10.1038/nrc1074. 

2. Tanaka F, Fukuse T, Wada H, Fukushima M. The 

History, Mechanism and Clinical Use of Oral 5-

Fluorouracil Derivative Chemotherapeutic Agents. Curr 

Pharm Biotechnol 2000;1:137–64. 

https://doi.org/10.2174/1389201003378979. 

3. Kasar R, Dubey S, Patel SK, Tiwari A, Pradhan M, 

Yadav K, et al. Synthesis of Dialdehyde Chitosan‐Based 

Schiff Base Polymeric Complexes for the Controlled 

Delivery of 5‐Fluorouracil (5‐FU) in Skin Cancer. 

ChemistrySelect 2025;10. 

https://doi.org/10.1002/slct.202501338. 

4. Wigmore PM, Mustafa S, El-Beltagy M, Lyons L, 

Umka J, Bennett G. Effects of 5-FU, 2010, p. 157–64. 

https://doi.org/10.1007/978-1-4419-6306-2_20. 

5. Shagufta, Ahmad I. Recent insight into the 

biological activities of synthetic xanthone derivatives. Eur 

J Med Chem 2016;116:267–80. 

https://doi.org/10.1016/j.ejmech.2016.03.058. 

6. Pinto MMM, Palmeira A, Fernandes C, Resende 

DISP, Sousa E, Cidade H, et al. From Natural Products to 

New Synthetic Small Molecules: A Journey through the 

World of Xanthones. Molecules 2021;26:431. 

https://doi.org/10.3390/molecules26020431. 

7. Gogoi U, Pathak K, Saikia R, Pathak MP, Paul T, 

Khan SA, et al. Recent Advances on Natural and Non-

Natural Xanthones as Potential Anticancer Agents: A 

Review. Med Chem (Los Angeles) 2023;19:757–84. 

https://doi.org/10.2174/1573406419666221226093311. 

8. Ewert de Oliveira B, Junqueira Amorim OH, Lima 

LL, Rezende RA, Mestnik NC, Bagatin E, et al. 5-

Fluorouracil, innovative drug delivery systems to enhance 

bioavailability for topical use. J Drug Deliv Sci Technol 

2021;61. https://doi.org/10.1016/j.jddst.2020.102155. 

9. [9] Kumari S, Kondapi AK. Lactoferrin 

nanoparticle mediated targeted delivery of 5-fluorouracil 

for enhanced therapeutic efficacy. Int J Biol Macromol 

2017;95:232–7. 

https://doi.org/10.1016/j.ijbiomac.2016.10.110. 

10. Chansakaow S, Sirisa-ard P, Khonkarn R. 

Preparation, Characterization And Antioxidant Activity Of 

Xanthone-Loaded Making (Hodgsonia Heteroclita) 

Microemulsions. Int J Pharm Pharm Sci 2017;9:262. 

https://doi.org/10.22159/ijpps.2017v9i3.16584. 

11. Muchtaridi M, Wijaya CA. Anticancer potential of 

α-mangostin. Asian Journal of Pharmaceutical and Clinical 

Research 2017;10:440–5. 

https://doi.org/10.22159/ajpcr.2017.v10i12.20812. 

12. National Center for Biotechnology Information 

(2025). PubChem Compound Summary for CID 3385, 5-

Fluorouracil. 

Https://PubchemNcbiNlmNihGov/Compound/5-

Fluorouracil 2025. 

13. National Center for Biotechnology Information 

(2025). PubChem Compound Summary for CID 7020, 

Xanthone. 

Https://PubchemNcbiNlmNihGov/Compound/Xanthone 

2025. 

14. Shan T, Cui X, Li W, Lin W, Lu H, Li Y, et al. α-

Mangostin suppresses human gastric adenocarcinoma cells 

in vitro via blockade of Stat3 signaling pathway. Acta 

Pharmacol Sin 2014;35:1065–73. 

https://doi.org/10.1038/aps.2014.43. 

15. Khan MA, Pandit J, Sultana Y, Sultana S, Ali A, 

Aqil M, et al. Novel carbopol-based transfersomal gel of 5-

fluorouracil for skin cancer treatment: in vitro 

characterization and in vivo study. Drug Deliv 

2015;22:795–802. 

https://doi.org/10.3109/10717544.2014.902146. 

16. Cosco D, Paolino D, Maiuolo J, Marzio L Di, 

Carafa M, Ventura CA, et al. Ultradeformable liposomes as 

multidrug carrier of resveratrol and 5-fluorouracil for their 

topical delivery. Int J Pharm 2015;489:1–10. 

https://doi.org/10.1016/j.ijpharm.2015.04.056. 

17. Jahan S, Alia A, Mujeeb M, Aqil M, Alia A. 



Page: 2 4 0   

Development and Validation of a UV Spectrophotometric Method for the Simultaneous Estimation of 5-Fluorouracil and Xanthone 

with Application to Ultradeformable Liposomes for Cancer Therapy.. 

IJDDT, Volume 16 Issue 1s, 2026 

 
 

 

Simultaneous Determination Of Sesamol And 5-

Fluorouracil Using Ultraviolet Spectrophotometry 2023. 

18. Yaman Ü, Aslan M, Ozturk S, Ulubayram K, 

Eroğlu İ. Surface modified nanoliposome formulations 

provide sustained release for 5-FU and increase cytotoxicity 

on A431 cell line. Pharm Dev Technol 2020;25:1192–203. 

https://doi.org/10.1080/10837450.2020.1803910. 

19. Li P, Wang Y, Peng Z, She F, Kong L. 

Development of chitosan nanoparticles as drug delivery 

systems for 5-fluorouracil and leucovorin blends. 

Carbohydr Polym 2011;85:698–704. 

https://doi.org/10.1016/j.carbpol.2011.03.045. 

20. Soni IJ, Panchal HJ. Development and Validation 

of Dual Wavelength UV Spectrophotometric Method for 

simultaneous estimation of Cilnidipine and Olmesartan 

Medoxomil in Tablet dosage form. vol. 2. 2014. 

21. Patel DC, Patel NR, Sherikar OD, Mehta PJ. 

Development and validation of RP-HPLC, HPTLC and UV-

visible spectrophotometric methods for simultaneous 

estimation of alprazolam and propranolol hydrochloride in 

their combined dosage form. Journal of Analytical 

Chemistry 2014;69:674–80. 

https://doi.org/10.1134/S1061934814070119. 

22. Sversut RA, Alcântara IC, Rosa AM, Baroni 

ACM, Rodrigues PO, Singh AK, et al. Simultaneous 

determination of gatifloxacin and prednisolone acetate in 

ophthalmic formulation using first-order UV derivative 

spectroscopy. Arabian Journal of Chemistry 2017;10:604–

10. https://doi.org/10.1016/j.arabjc.2014.11.026. 

23. Gupta RS, Tiwari A, Patel SK, Karthikeyan C, 

Gupta DK, Soni P, et al. Development and validation of a 

UV spectrophotometric method for simultaneous 

estimation of teneligliptin hydrobromide hydrate and 

pioglitazone hydrochloride in pharmaceutical dosage form. 

Futur J Pharm Sci 2024;10. https://doi.org/10.1186/s43094-

024-00745-8. 

24. Kalyankar GG, Patel J, Bodiwala KB, Lodha SR, 

Mistry V. Development and validation of first order UV 

derivative spectroscopy method for simultaneous 

estimation of cilnidipine and chlorthalidone in their 

combined tablet dosage form. Pharma Sci Monit 

2019;10:101–11. 

25. Sharma S, Naman S, Goyal K, Baldi A. 

Simultaneous Estimation of Atovaquone and Mefloquine 

Hydrochloride: QbD based Method Development and 

Validation. INDIAN Journal of Pharmaceutical Education 

and Research 2023;57:250–63. 

26. Shamim A, Ansari MJ, Aodah A, Iqbal M, Aqil 

Mohd, Mirza MohdA, et al. QbD-Engineered Development 

and Validation of a RP-HPLC Method for Simultaneous 

Estimation of Rutin and Ciprofloxacin HCl in Bilosomal 

Nanoformulation. ACS Omega 2023;8:21618–27. 

https://doi.org/10.1021/acsomega.3c00956. 

27. Chaudhari VS, Borkar RM, Murty US, Banerjee S. 

Analytical method development and validation of reverse-

phase high-performance liquid chromatography (RP-

HPLC) method for simultaneous quantifications of 

quercetin and piperine in dual-drug loaded nanostructured 

lipid carriers. J Pharm Biomed Anal 2020;186:113325. 

https://doi.org/10.1016/j.jpba.2020.113325. 

28. Xanthone, UV/Visible spectrum. 

Https://WebbookNistGov/Cgi/CbookCgi?ID=C90471&Un

its=SI&Mask=4EF# 2025. 

29. Majithia RH, Khodadiya DrA, Patel VB. 

Spectrophotometric method development and validation for 

simultaneous estimation of Anagliptin and Metformin HCl 

BY Q - Absorption ratio method in synthetic mixture. 

Heliyon 2020;6:e03855. 

https://doi.org/10.1016/j.heliyon.2020.e03855. 

30. Patel M, Trivedi D, Shah U. Development and 

validation of UV-visible spectrophotometric method for 

simultaneous estimation of aspirin and 5-fluorouracil in 

bulk and dosage form. Nirma University Journal of 

Pharmaceutical Sciences 2020;7:49–62. 

31. Cojocaru IC, Ochiuz L, Spac A, Popa G, Palade L, 

Popovici I. The validation of the UV spectrophotometric 

method for the assay of 5 fluorouracil. Farmacia 2012;3:60. 

32. Attimarad M, Nair AB, Nagaraja S, Aldhubiab BE, 

Venugopala KN, Pottathil S. Smart UV Derivative 

Spectrophotometric Methods for Simultaneous 

Determination of Metformin and Remogliflozin: 

Development, Validation and Application to the 

Formulation. Indian Journal of Pharmaceutical Education 

and Research 2023;55:s293–302. 

https://doi.org/10.5530/ijper.55.1s.62. 

33. Krishti A, Baraka J, Dasvani B. Analytical Method 

Development and Validation of First Order Derivative 

Spectrophotometric Method for Simultaneous Estimation 

of Telmisartan and Metformin Hydrochloride in their 

Combined Pharmaceutical Dosage Form: Int. J of Pharma 

Quality Assurance (IJPQA) 2020;11:60–8. 

34. Olukman M, Şanlı O, Solak EK. Release of 

Anticancer Drug 5-Fluorouracil from Different Ionically 

Crosslinked Alginate Beads. J Biomater Nanobiotechnol 

2012;03:469–79. https://doi.org/10.4236/jbnb.2012.34048. 

35. Ortega C, Nomura M, Ohtomo M, Arce F, See GL, 

Inoue Y. Preparation, Characterization, and Antioxidant 

Capacity of Xanthone-Urea Complex. Materials (Basel) 

2025;18. https://doi.org/10.3390/ma18112658. 

36. Patel R, Singh SK, Singh S, Sheth NR, Gendle R. 

Development and characterization of curcumin loaded 

transfersome for transdermal delivery. Journal of 

Pharmaceutical Sciences and Research 2009;1:71. 

37. Abdel-Hafez SM, Hathout RM, Sammour OA. 



Page: 2 4 1   

Development and Validation of a UV Spectrophotometric Method for the Simultaneous Estimation of 5-Fluorouracil and Xanthone 

with Application to Ultradeformable Liposomes for Cancer Therapy.. 

IJDDT, Volume 16 Issue 1s, 2026 

 
 

 

Curcumin-loaded ultradeformable nanovesicles as a 

potential delivery system for breast cancer therapy. Colloids 

Surf B Biointerfaces 2018;167:63–72. 

https://doi.org/10.1016/j.colsurfb.2018.03.051. 

38. Caddeo C, Manca ML, Peris JE, Usach I, Diez-

Sales O, Matos M, et al. Tocopherol-loaded transfersomes: 

In vitro antioxidant activity and efficacy in skin 

regeneration. Int J Pharm 2018;551:34–41. 

https://doi.org/10.1016/j.ijpharm.2018.09.009. 

39. Patel ND, Rajyaguru H, Patel PB. Development 

and validation of first order Derivative spectrophotometric 

method for simultaneous estimation of pregabalin, 

Methycobamin, and alpha lipoic acid in Multicomponent 

Dosage form. Int J Pharm Sci Res 2016;7:2458. 

40. Araujo VHS, Fernandes L de S, Dos Reis LR, 

Carvalho GC, Scarpa MV, Chorilli M. Validation of an 

innovative analytical method for simultaneous 

quantification of curcumin and fluconazole using high‐

performance liquid chromatography from nanostructured 

lipid carriers. J Sep Sci 2021;44:4264–73. 

41. Cristiano MC, Froiio F, Spaccapelo R, Mancuso A, 

Nisticò SP, Udongo BP, et al. Sulforaphane-Loaded 

Ultradeformable Vesicles as A Potential Natural 

Nanomedicine for the Treatment of Skin Cancer Diseases. 

Pharmaceutics 2019;12:6. 

https://doi.org/10.3390/pharmaceutics12010006.. 

. 

 


