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aliphatic and aromatic characters. Fat-soluble vitamins 
are soluble in non-polar solvents: vitamins A, D, E and 
K. Water-soluble vitamins are soluble in polar solvents: 
vitamin B and vitamin C [1].

Vitamin C (Vit. C); L-Ascorbic acid is the enolic form 
of (2,3-didehydro-L-threo-hexano-1,4-lactone), Fig.  1a 
[2]. Vit. C is a powerful antioxidant compound that cap-
ture free radicals and it has potent antibacterial effects 
due to its low pH. Vit. C is able to inhibit the growth of 
S. aureus and streptococci even under neutral pH con-
ditions [3]. Vitamin A Acetate (Vit. A); Retinol Acetate; 
Retinyl Acetate [2], All-trans-3, 7-dimethyl-9-(2, 6, 6-tri-
methyl-1-cyclohexen-1-yl)-2, 4, 6, 8- nonatetraene-1-yl 

Introduction
The vitamins are low molecular weight organic sub-
stances which have key roles in metabolism. They are 
classified according to their solubility, either fat-soluble 
or water-soluble. The water-soluble vitamins have one 
or more ionizable polar groups (keto, carboxyl, hydroxyl, 
phosphate or amino), while the fat-soluble vitamins have 
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Abstract
A green method for simultaneous determination of water soluble vitamin (vitamin C) and fat soluble vitamin 
(vitamin A) was developed using reversed phase high performance liquid chromatography technique. The 
method succeed to separate the water-soluble and fat-soluble vitamins by isocratic elution using Agilent Zorbax 
octylsilane column (250 × 4.6 mm, 5 μm) in a short single run. The proposed mobile phase consisted of buffer 
(10 mM potassium dihydrogen phosphate and 3 mM hexane sulfonic acid sodium salt), pH adjusted to 2.5 using 
orthophosphoric acid and methanol in a ratio (8:92 v/v) with flow rate 1.0 mL.min− 1 and UV detection 328 nm 
for vitamin A and 243 nm for vitamin C in concentration range (0.5–30 IU.mL− 1) and (1–60 µg.mL− 1), respectively. 
Accuracy results were 99.49% ± 1.58 for vitamin C and 100.26% ± 1.86 for vitamin A, limit of detection (L.O.D) of 
vitamin C is 0.3 µg.mL− 1 while for vitamin A is 0.15 IU.mL− 1 and limit of quantification (L.O.Q) of vitamin C is 1.0 µg.
mL− 1 while for vitamin A is 0.5 IU.mL− 1. Analytical eco scale and green analytical procedure index showed that 
our proposed method is greener than the reported method. The proposed method validation was performed 
according to ICH guidelines and the method was applied successfully for determination of vitamin A and vitamin C 
simultaneously in cosmetic nano-formulation, pharmaceutical dosage form and in pure forms.
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acetate Fig. 1b [4]. Vit. A induces Resistin Like Molecule 
α (RELMa) which is an antimicrobial protein expressed 
by epidermal cells that limits skin infection and provides 
it with antimicrobial protection [5]. Vit. A has been used 
to treat various skin disorders like acne and psoriasis and 
in retinitis pigmentosa patients to enhance retinal func-
tion [2].

Literature review showed that vit. A and vit. C were 
determined simultaneously by High performance liquid 
chromatography (HPLC) method using isocratic and lin-
ear gradient elution in approximately 18 min [6]. Vit. C 
was determined by different techniques: HPLC [7–21], 
Voltammetry [22], Spectrophotometry [23] and Titra-
tion [24], While Vit. A was determined by HPLC [25–30] 
Capillary electrophoresis [31] and Spectrophotometry 
[32, 33]. The main aim of our work is to develop a simple 
chromatographic method for determination of both vit. 
A and vit. C accurately and with good resolution.That 
was done in short single run using isocratic elution in 
their pure form, nano-cosmetic formulation and in phar-
maceutical dosage form without interference from the 
matrix (Vitamin E, Selenium, Maisine 35 − 1, Kolliphor 
RH-40 and Tween 80). This was a big challenge as vit. C 
is polar so it elutes very fast, while vit. A is non polar so 
it retains on the column. In previous work they depended 
on separating water-soluble vitamins and fat-soluble 
vitamins utilizing gradient elution which takes about 
18 min [6] while our work separated both vitamins with 
isocratic elution in 6  min. The developed method was 
validated according to the ICH guidelines [34] showing 
that the results are accurate and precise. Greenness com-
parison between our method and the reported method 
[6] was done using different tools [35–42] and our devel-
oped method results showed that it is greener than the 
reported method.

Experimental
Instrumentation
Waters Arc HPLC consisted of quaternary pump, Diode 
array detector and automatic injector 50 µL loop (Waters, 
United States). The stationary phase was Agilent Zorbax 
octylsilane column (250 × 4.6 mm, 5 μm) (Agilent, United 
States).

Materials and reagents
Chemical and reagents
Bi-distilled water; Milli-Q (Burlington, United States), 
orthophosphoric acid; El-Nasr Pharmaceutical Co. 
(Qalyubia, Egypt), methanol HPLC grade; Fisher Sci-
entific (Loughborough, United Kingdom), potassium 
dihydrogen phosphate; TEDIA (Fairfield, United States), 
hexanesulfonic acid sodium salt; Loba Chemie (Mumbai, 
India).

Authentic samples
Ascorbic acid (99.90%) was purchased from Sigma 
aldrich (Burlington, United States), Retinyl acetate 
500,000 IU.gm− 1 was supplied by Arab company for 
Pharmaceuticals and medicinal plants (Sharkeia, Egypt).

Pharmaceutical sample
Antox tab, Batch No.: 1,741,121, each tablet con-
tains 2036.46 IU vit. A, 90  mg vit. C, manufactured by 
MEPACO– Egypt.

Nano-cosmetic formula
A formula was prepared in lab. as nano-emulsion, Batch 
No.: F7, each gm contains 9.8 mg vit. A and 9.8 mg vit. C.

Standard solutions
Standard stock solution 100 IU.mL− 1 of vit. A and 200 µg.
mL− 1 of vit. C were prepared separately in methanol (pH 
of methanol adjusted to 6.0 with orthophosphoric acid). 
We added small hot water drops to vit. A prior to adjust-
ing to the mark with methanol for better dissolving of the 
powder.

Laboratory prepared mixtures
Aliquot portions of standard stock solution of vit. A 
(100 IU.mL-1) and vit. C (200 µg.mL-1) were transferred 
into a series of 10-mL volumetric flasks to prepare mix-
tures with different ratios including the market ratio of 
the nano-formula (1: 1), the volume was completed with 
methanol (pH 6.0).

Chromatographic conditions
Reverse-phase high-performance liquid chromatog-
raphy (RP-HPLC) analysis was conducted using an 

Fig. 1 a: Ascorbic Acid Chemical Structure. b: Retinyl Acetate Chemical Structure
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Agilent Zorbax octylsilane column (250 × 4.6 mm, 5 μm) 
as the stationary phase. The separation was performed 
under isocratic elution conditions at room temperature. 
Employing a mobile phase composed of Solution A—a 
buffer solution containing 10 mM potassium dihydro-
gen phosphate and 3 mM hexane sulfonic acid salt, with 
pH adjusted to 2.5 using orthophosphoric acid—and 
Solution B, which consisted of methanol. The mobile 
phase was utilized in an 8:92 (v/v) ratio of Solution A to 
Solution B. The flow rate was maintained at 1 mL/min. 
The detection was carried out using UV absorbance at 
243  nm for vit. C and 328  nm for vit. A. Sample injec-
tions were performed in triplicate, with an injection vol-
ume of 10 µL.

Procedure
Construction of calibration curves
Aliquots of vit. C and vit. A from their standard stock 
solution (200  µg.mL− 1) and (100 IU.mL− 1), respectively, 
were transferred into two separate series of 10-mL vol-
umetric flasks. The volumes were completed to mark 
with methanol (pH 6) to obtain concentration range of 
(1–60  µg.mL− 1) for vit. C at 243  nm, (0.5–30 IU.mL− 1) 
for vit. A at 328  nm. Then 10 µL of each solution was 
injected under operating conditions previously described 
in triplicates. Calibration curves representing the rela-
tionship between peak area and their corresponding con-
centrations in µg.mL− 1 for vit. C and IU.mL− 1 for vit. A 
were constructed and the regression equations were then 
computed.

Assay of cosmetic nano formulation
An accurate weight ~ 0.1 gm of cosmetic nano-emulsion 
prepared in the laboratory, Batch No.: F7, claimed to con-
tain 9.8 mg/gm of vit. C and 9.8 mg/gm of vit. A (equiva-
lent to 4900 IU in 1 gm) was weighed and transferred to 
a 50 mL volumetric flask. The volume was completed to 
the mark with methanol pH adjusted to 6.0 to get con-
centration of 19.6 µg.mL− 1 vit. C and 9.8 IU.mL− 1 vit. A, 
sonicated 5 min, and then filtered through 0.45 μm nylon 
syringe filter. The filtrate was analyzed in triplicates by 
the previous described method. The concentrations were 
calculated from the corresponding regression equations 
and the mean recovery % was then calculated.

Assay of pharmaceutical Preparation
An accurate weight ~ 28  mg of Antox tab., Batch No.: 
(1741121) claimed to contain 90  mg/tab vit. C and 
2036.46 IU/tab vit. A was transferred to a 100 mL volu-
metric flask, small drops of hot water were added to the 
powder. Then the volume was completed to the mark 
with methanol pH adjusted to 6.0 to get concentration 
of 50 µg.mL− 1 vit. C and 1.13 IU.mL− 1 vit. A, sonicated 
5  min, and then filtered through 0.45  μm nylon syringe 

filter. The filtrate was analyzed in triplicates by the pre-
vious described method. The concentrations were calcu-
lated from the corresponding regression equations and 
the mean recovery % was then calculated.

Greenness assessment of the developed method (Green 
metrics)
Green chemistry concept is very important now in chem-
ical laboratories so assessment tools are required to mea-
sure the environmental impact of chemical procedures. 
In this paper we used three different green metrics to 
evaluate the greenness profile of the developed RP-HPLC 
method. The first tool is the “National Environmental 
Method Index” (NEMI) [35, 36], the second tool is the 
“Analytical Eco-Scale” method [37] and the third tool is 
“Green Analytical Procedure Index” (GAPI) tool [38].

National environmental method index (NEMI label)
It is a circle divided to four quadrants that help to assess 
the analytical procedure, when the quadrant is colored 
green so the requirements for this quadrant are met. 
The first quadrant requires that all chemicals used in the 
procedure are not listed on the (PBT) persistent, bioac-
cumulative and toxic chemicals list. The second quadrant 
requires that all chemicals used are not listed on D, F, P 
or U hazardous wastes lists. The third quadrant requires 
the pH of the sample is not corrosive within (2–12). The 
fourth quadrant requires that the produced waste is less 
than 50 g [35, 36].

Analytical Eco-Scale
Analytical Eco-Scale is a scale from 100 backward show-
ing how green the method is. A score of 100 means an 
ideal green method. Penalty points, which represent 
aspects of the analytical procedure that deviate from the 
ideal green analysis, are subtracted based on factors such 
as the type and quantity of reagents used, associated haz-
ards, energy consumption, and the volume of generated 
waste. An inadequate green method will score less than 
50, acceptable green method scores more than 50 while 
an excellent green method scores more than 75 [37].

Green analytical procedure index (GAPI)
It is a pictogram that classify the greenness of each step 
of an analytical procedure by using a color scale green, 
yellow and red which represents low, medium and high 
environmental impact. In GAPI symbol five pentagrams 
are used to evaluate and quantify the analytical proce-
dure. Each pictogram consists of different parts, each 
part represents a different step of the analytical proce-
dure and the part is filled green when certain require-
ments are met [38–42].
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Results and discussion
Method development
The combination of vit. C and vit. A has excellent role 
in skin care products especially in treating wrinkles and 
protecting skin against UV irradiation specially UVB 
cell damage and hyperpigmentation [43]. Nano formula-
tion cosmetic products are mainly chosen because they 
overcome the common limitations of cosmetics. They 
enhance penetration and material dispersibility, stabilize 
ingredients, control active ingredients release, improve 
the products’ textural quality and functioning themselves 
as active agents because of their tiny dimensions together 
with the large surface area [44]. The previous reported 
quantification methods preferred to make a method 
for water-soluble vitamins and a method for fat-soluble 
vitamins, while the reported method which made simul-
taneous determination for both vitamins used gradient 
elution and this caused long run [6]. In our experiment 
we developed a separation method for both vitamins 
simultaneously using isocratic elution in short run time 
about 6 min. We faced many challenges as the fast elution 
of vit. C so we used hexanesulfonic acid which enhance 
retention of vit. C and symmetry of its peak and this was 
not achieved by using water. While choosing the suit-
able pH for elution we found that the acidic pH (2.5) of 
the mobile phase give the best retention and symme-
try of vitamins peak also it prevents degradation of vit. 
C [8]. Vit. C is stable near pH 3.0 and pH 6.0 [45] while 
vit A. in pH (from 5.6 to 7.0) did not influence the vita-
min ester’s stability and pH levels of 4.0 and 8.0 showed 
a decrease in the stability of vit. A ester [46]. Thus, we 
used Methanol pH 6.0 adjusted by orthophosphoric acid 
as diluent as by trials the acidic medium showed degra-
dation of vit. A and basic medium showed degradation 
of vit. C. To choose the suitable column we tried cyano 
column but vit. C eluted rapidly with bad symmetry of 
both vitamins. Then, we tried octadecylsilane column 

(250 × 4.6 mm, 5 μm) vit. A retained in column for long 
time so the best separation was achieved on octylsilane 
column (250 × 4.6 mm, 5 μm) where both vitamins eluted 
in short run with optimum resolution. Different mobile 
phase compositions were tried and the optimal ratio was 
(92:8 v/v) methanol: buffer with flow rate 1 mL.min− 1 
and UV detection at 243  nm for vit. C and 328  nm for 
vit. A. The average retention times (min) were found to 
be 2.7 ± 0.1 for vit. C and 4.9 ± 0.1 for vit. A, Fig. 2a and b.

Method validation
The method was validated according to ICH guide-
lines including linearity, specificity, accuracy, precision, 
robustness, limit of detection (LOD), limit of quantifica-
tion (LOQ) and system suitability [34].

Linearity
Good linearity was obtained in concentration range of 
(1–60 µg.mL− 1) of vit C. at 243 nm and (0.5–30 IU.mL− 1) 
of vit A. at 328 nm, Table 1.

Table 1 Assay validation parameters and regression equations 
for determination of vit. C and vit. A by the proposed 
chromatographic method
Parameter Vit. C Vit. A
Linearity 1–60 µg.mL− 1 0.5–30 IU.mL− 1

Regression equation y = 34486x– 26,475 y = 23988x + 2052.4
Correlation coefficient (r) 0.9997 0.9999
Accuracy (Mean ± RSD) 99.49% ± 1.58 100.26% ± 1.86
LOD 0.3 µg.mL− 1 0.15 IU.mL− 1

LOQ 1 µg.mL− 1 0.5 IU.mL− 1

Repeatability (1) 101.26% ± 0.91 98.27% ± 0.63
Reproducibility (2) 101.41% ± 0.69 98.66% ± 0.89
(1) The intra-day (n = 18), Average of six different samples at 100% analyte 
concentrations repeated three times within day;

(2) The inter-day (n = 18), Average of six different samples at 100% analyte 
concentrations in three successive days

Fig. 2 a: A typical HPLC chromatogram of a mixture of Vit. C and Vit. A, detection at 243 nm. b: A typical HPLC chromatogram of a mixture of Vit. C and 
Vit. A, detection at 328 nm
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Precision
The proposed method precision was checked by the anal-
ysis of six different cosmetic nano emulsion samples (at 
100% of the assay analyte concentration 3 replicates each) 
19.6 µg.mL− 1 vit. C and 9.8 IU.mL− 1 vit. A on the same 
day (Repeatability) and on three successive days (Repro-
ducibility). The percentage of relative standard deviation 
was then calculated and the results obtained are listed 
in Table 1 and revealed high precision of the developed 
method.

Accuracy
Accuracy of the developed methods was ascertained by 
recovery of known, added amounts of analyte (placebo 
spiked with stock standard solutions, placebo composed 
of maisine 35 − 1, kolliphor RH-40, tween 80 and water) 
covering the specified range for the procedure (5–55 µg.
mL− 1) for vit. C and (2.5–27.5 IU.mL− 1) for vit. A. The 
concentrations were calculated using the correspond-
ing regression equations and then the mean recovery % 
was calculated. The results revealed high accuracy of the 
developed method, Table 1.

Limit of detection (LOD) and limit of quantification (LOQ)
LOD and LOQ were obtained by using signal to noise 
ratio approach, Table 1.

Specificity
It is the ability to quantify accurately the vitamin in the 
presence of components which may be expected to be 
present as matrix. It was evaluated by analyzing mixtures 
containing different ratios of vit. C and vit. A. The results 
ascertained the proposed methods specificity, Table 2.

Application to commercial cosmetic Preparation and 
pharmaceutical product
The suggested methods were applied to determine vit. 
C and vit. A in Nano-cosmetic formula and Antox tab., 
Batch No.: (225144). The results showed good recovery 
consistent with the labeled amounts, Table 2.

Standard addition technique
Known concentrations of vit. C standard (5–55 µg.mL− 1) 
and vit. A standard (2.5–27.5 IU.mL− 1) were added 

to placebo and analyzed in triplicates by the previous 
method, Table 2.

Robustness
Robustness of the developed methods was ascertained 
by studying the effect of small but deliberate change in 
experimental variables. Minor variations in the method 
variables were applied to check the best conditions for 
separation such as flow rate ± 0.1, UV detection wave-
length ± 2.0 and mobile phase composition ± 1.0% and no 
significant change in results were detected upon applica-
tion on method.

Statistical comparison with reported methods
Statistical analysis of the suggested method results and 
the reported method results [6] in Table 3 indicated no 
significant differences between the developed method 
and the reported methods as the calculated t- and F-val-
ues were less than the theoretical ones.

Table 2 Vit. C and vit. A determination in laboratory prepared 
mixtures, cosmetic nano-formulation, pharmaceutical 
Preparation and standard addition technique by the proposed 
methods
Drug
Parameter

Vit. C Vit. A

Laboratory prepared mixture **
(Mean ± RSD )
n = 6 *

99.78% ± 
1.55

100.46% 
± 1.11

Application in cosmetic formulation***
(Mean ± RSD )
n = 6*

100.59% ± 
0.90

99.86% 
± 1.27

Application in pharmaceutical 
preparation****
(Mean ± RSD )
n = 6*

100.72% ± 
1.39

100.79% 
± 1.21

Standard addition technique
(Mean ± RSD )
n = 6*

99.49% ± 
1.58

100.26% 
± 1.86

* Average of triplicates measurements

** Average of one mixture repeated six times

*** Nano lotion formulation Batch No.: F7

**** Antox tab. Batch No.: 1,741,121

Table 3 Statistical analysis of the proposed method and the reported method [6] of vit. C and vit. A in the pure powder form
Drug Method Mean ± RSD STDEV VARIANCE N t-test (2.262) a F-ratio (6.26) a

Vit. C HPLC 99.49% ± 1.58 1.57 2.46 6 0.99 1.46
Reported* 100.31% ± 1.30 1.30 1.69 6

Vit. A HPLC 100.26% ± 1.68 1.68 2.83 6 0.04 1.99
Reported* 100.30% ± 1.19 1.19 1.42 6

(a) Theoretical value for t-test and F-ratio for P = 0.05

* HPLC method using octadecylsilane column, mobile phase consisting of 0.010% trifluoroacetic acid of pH 3.9 and methanol in gradient elution at the flow rate 
0.7 ml min− 1. And detection at 280 nm
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System suitability determination
The parameters of system suitability testing were calcu-
lated according to USP [47] to ensure the correct work 
of HPLC systems during the analysis. Precision (RSD%), 
resolution (R), tailing factor (T), capacity factor (K) and 
theoretical plates (N). Table 4.

Greenness assessment of the developed method (Green 
metrics)
National environmental method index (NEMI label)
The proposed method and reported method are green as 
the four quadrants of the circle met the required require-
ments as all chemicals used in both methods are not 
listed on (PBT) chemicals list [48] nor listed on D, F, P 
or U hazardous wastes lists [49], pH of the sample is 6 
in the proposed method and 3.9 in the reported method 
and the produced waste in both methods is less than 50 g 
Fig. 3.

Analytical Eco-Scale
Analytical Eco-Scale score for the proposed RP-HPLC 
method and reported HPLC method is higher than 75 so 
both methods are excellent green methods but according 

to the analytical eco-scale score our proposed method is 
greener than the reported one. Tables 5 and 6.

Green analytical procedure index (GAPI)
GAPI pictograms in Fig. 4a and b showed that the pro-
posed RP-HPLC method is greener than the reported 
HPLC method. Results are listed in Table 7.

Table 4 System suitability test results of the developed RP-HPLC 
method for determination of vit. C and vit. A simultaneously
Parameter Vit. C Vit. A
(RSD%) < 2 0.93 0.61
Resolution Rs > 2 - 8.69
Tailing factor T ≤ 2 1.30 1.14
Capacity factor K > 2 2.76 5.86
Plates Number N > 2000 4949 7730

Table 5 Analytical Eco-Scale score for proposed RP-HPLC 
method for vit. C and vit. A
Method item Value Penalty 

points
Methanol Amount 5.52 

mL
< 10 
mL

Amount PP 
× Hazard PP 
1*2 = 2Hazard More sever 

hazard
Hexane sulfonic acid Amount 0.48 

mL
< 10 
mL

Amount PP 
× Hazard PP 
1*0 = 0Hazard none

Orthophosphoric 
acid

Amount < 1 
mL

< 10 
mL

Amount PP 
× Hazard PP 
1*2 = 2Hazard More sever 

hazard
PH 2.5 0
Washing and condi-
tioning time

normal 0

Waste 1–10 mL 3
HPLC ≤ 1.5 kWh per sample 1
Occupation Hazards Emission of vapor to air 0
Total penalty points 8
Analytical eco scale 
score

≥ 75 excellent green method
≥ 50 acceptable green 
method < 50
inadequate green method

92

Fig. 3 NEMI pictogram for the proposed HPLC method and reported HPLC method
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Conclusion
The proposed RP-HPLC method successfully deter-
mined both water-soluble vit. C and fat-soluble vit. A 
simultaneously, offering significant advantages over pre-
viously reported RP-HPLC methods. Unlike most lit-
erature methods, which employ separate procedures for 
each vitamin type, our method enables the simultaneous 
determination in a single run. A key improvement of our 
approach is the use of isocratic elution, whereas reported 
methods predominantly rely on gradient elution. This 
provides several benefits, including greater simplicity, 
more consistent retention times, elimination of the need 
for re-equilibration between runs, and a shorter run time 
of approximately six minutes without any interference, 
while maintaining high sensitivity. A statistical compari-
son between the results obtained using the developed 
method and those from reported methods demonstrated 
no significant difference, confirming the reliability of our 
approach. Additionally, the proposed method is greener, 
as evidenced by a higher analytical eco-scale score com-
pared to the reported method. According to the GAPI 

Table 6 Analytical Eco-Scale score for reported RP-HPLC [6] 
method for vit. C and vit. A
Method item value Penalty 

points
Methanol Amount 15 mL 10–

100 
mL

Amount 
PP × Haz-
ard PP 
2 × 2 = 4Hazard More sever 

hazard
Trifluoroacetic acid Amount 0.0006 

mL
< 10 
mL

Amount 
PP × Haz-
ard PP 
1 × 2 = 2

Hazard More sever 
hazard

pH 3.9 0
Washing and condi-
tioning time

normal 0

Waste > 10 mL 5
HPLC ≤ 1.5 kWh per sample 1
Occupation Hazards Emission of vapor to air 0
Total penalty points 12
Analytical eco scale 
score

≥ 75 excellent green method
≥ 50 acceptable green method < 50 
inadequate green method

88

Fig. 4 a:GAPI pictogram for the proposed method. b: GAPI pictogram for the reported method
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pictogram, our method contains more green zones and 
no red zones, further confirming its environmental supe-
riority. Given these advantages, the proposed method is 
suitable for application in quality control (QC) laborato-
ries for the analysis of vit. C and vit. A in pure form, cos-
metic formulations, and pharmaceutical preparations.

Abbreviations
Vit. A  Vitamin A
Vit. C  Vitamin C
ICH  International Council for Harmonization
RP-HPLC  Reversed Phase High Performance Liquid Chromatography
NEMI  National Environmental Method Index
GAPI  Green Analytical Procedure Index
LOD  Limit of Detection
LOQ  Limit of Quantification
UV  Ultraviolet
USP  United States Pharmacopeia
QC Lab  Quality Control Laboratory

Acknowledgements
Not applicable.

Author contributions
Safaa Hussein Salah El-Din: Conceptualization, Methodology, Formal analysis, 
Validation, Writing– original draft. Amany Morsi: Writing– review & editing, 
Supervision. Amr M. Mahmoud: Writing– review & editing, Supervision.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data availability
The authors declare that the data supporting the findings of this study are 
available within the paper. Should any raw data files be needed in another 

format they are available from the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 October 2024 / Accepted: 28 February 2025

References
1. Combs GF Jr, McClung JP. The vitamins: fundamental aspects in nutrition and 

health. 4th ed. Academic; 2012.
2. Sweetman SC, Blake PS. Martindale. 38th ed. Pharmaceutical; 2014.
3. Mousavi S, Bereswill S, Heimesaat MM. Immunomodulatory and antimicrobial 

effects of vitamin C. Eur J Microbiol Immunol. 2019;9(3):73–9.
4. European Commission. Scientific committee of consumer safety. Opinion on 

Vitamin A; 2016.
5. Harris TA, Gattu S, Propheter DC, Kuang Z, Bel S, Ruhn KA, et al. Resistin-like 

molecule α provides vitamin-A-dependent antimicrobial protection in the 
skin. Cell Host Microbe. 2019;25(6):777–88.

6. Klejdus B, Petrlová J, Potěšil D, Adam V, Mikelová R, Vacek J, et al. Simultane-
ous determination of water-and fat-soluble vitamins in pharmaceutical 
preparations by high-performance liquid chromatography coupled with 
diode array detection. Anal Chem Acta. 2004;520(1–2):57–67.

7. Zhu M, Tang J, Tu X, Chen W. Determination of ascorbic acid, total ascorbic 
acid, and dehydroascorbic acid in bee pollen using hydrophilic interaction 
liquid chromatography-ultraviolet detection. Molecules. 2020;25(23):5696.

Table 7 Green analytical procedure index parameters description for proposed and reported [6] methods for determination of vit. C 
and vit. A
Category Proposed Method Reported Method

Type Color Type Color
Sample preparation
Collection(1) In line Green In line Green
Preservation (2) None Green None Green
Transport (3) None Green None Green
Storage (4) None Green None Green
Type of method: direct or indirect (5) Simple procedure (filtration) Yellow Simple procedure (filtration) Yellow
Scale of extraction (6) None Green None Green
Solvent/reagent used (7) Green solvent Green Green solvent Green
Additional treatment (8) None Green None Green
Reagent and solvents
Amount (9) < 10 ml Green 10–100 ml Yellow
Health hazard (10) Moderate toxicity Yellow Moderate toxicity Yellow
Safety hazard (11) Flammable Yellow Flammable Yellow
Instrument
Energy (12) ≤ 1.5 kWh per sample Yellow ≤ 1.5 kWh per sample Yellow
Occupational hazard (13) None Green None Green
Waste (14) < 10 mL Yellow > 10 Red
Waste treatment (15) Passivation Yellow Passivation Yellow
Additional Mark: Quantification
Circle in the middle of GAPI Yes

Qualitative and quantitative method.
Yes
Qualitative and quantitative method.



Page 9 of 9Salah El-Din et al. BMC Chemistry           (2025) 19:76 

8. Spinola V, Llorent-Martínez EJ, Castilho PC. Determination of vitamin C in 
foods: current state of method validation. J Chromatogr A. 2014;1369:2–17.

9. Matei N, Radu G-L, Truica G, Eremia S, Dobrinas S, Stanciu G, et al. Rapid 
HPLC method for the determination of ascorbic acid in grape samples. Anal 
Methods. 2013;5(18):4675–9.

10. Bae H, Jayaprakasha GK, Crosby K, Jifon JL, Patil BS. Simultaneous quantifica-
tion of capsaicinoids and ascorbic acid from pungent peppers. J Chromatogr 
Sci. 2013;51(5):412–8.

11. Hu L, Li L, Luo Z, Yang J, Liu W. Determination of trace vitamin C by ion-pair 
HPLC with UV detection in calcium gluconate and vitamin C compound oral 
solution. J Chromatogr Sci. 2012;50(2):102–7.

12. Spínola V, Mendes B, Câmara JS, Castilho PC. An improved and fast UHPLC-
PDA methodology for determination of L-ascorbic and dehydroascorbic 
acids in fruits and vegetables. Evaluation of degradation rate during storage. 
Anal Bioanal Chem. 2012;403:1049–58.

13. Chebrolu KK, Jayaprakasha GK, Yoo KS, Jifon JL, Patil BS. An improved sample 
Preparation method for quantification of ascorbic acid and dehydroascorbic 
acid by HPLC. LWT. 2012;47(2):443–9.

14. Tarrago-Trani MT, Phillips KM, Cotty M. Matrix-specific method validation 
for quantitative analysis of vitamin C in diverse foods. J Food Compos Anal. 
2012;26(1–2):12–25.

15. Santos J, Mendiola JA, Oliveira MBPP, Ibáñez E, Herrero M. Sequential deter-
mination of fat-and water-soluble vitamins in green leafy vegetables during 
storage. J Chromatogr A. 2012;1261:179–88.

16. Van de Velde F, Pirovani ME, Cámara MS, Güemes DR, Bernardi CMdH. Opti-
mization and validation of a UV–HPLC method for vitamin C determination 
in strawberries (Fragaria Ananassa Duch.), using experimental designs. Food 
Anal Methods. 2012;5:1097–104.

17. Kumar KR, Kumar PP, Rao NM. Development and validation of RP-HPLC 
method for the Estimation of ascorbic acid in health drinks. J Chem Pharm 
Res. 2011;3(3):363–74.

18. Fenoll J, Martínez A, Hellín P, Flores P. Simultaneous determination of ascorbic 
and dehydroascorbic acids in vegetables and fruits by liquid chromatography 
with tandem-mass spectrometry. Food Chem. 2011;127(1):340–4.

19. Sawant L, Prabhakar B, Pandita N. Quantitative HPLC analysis of ascorbic acid 
and Gallic acid in Phyllanthus emblica. J Anal Bioanal Tech. 2010;1(2).

20. Barros AI, Silva AP, Gonçalves B, Nunes FM. A fast, simple, and reliable hydro-
philic interaction liquid chromatography method for the determination of 
ascorbic and isoascorbic acids. Anal Bioanal Chem. 2010;396:1863–75.

21. Engel R, Stefanovits-Bányai É, Abrankó L. LC simultaneous determination of 
the free forms of B group vitamins and vitamin C in various fortified food 
products. Chromatographia. 2010;71:1069–74.

22. Mazurek A, Włodarczyk-Stasiak M. A new method for the determination of 
total content of vitamin C, ascorbic and dehydroascorbic acid, in food prod-
ucts with the voltammetric technique with the use of Tris (2-carboxyethyl) 
phosphine as a reducing reagent. Molecules. 2023;28(2):812.

23. Elgailani IEH, Elkareem M, Noh E, Adam O, Alghamdi A. Comparison of two 
methods for the determination of vitamin C (ascorbic acid) in some fruits. Am 
J Chem. 2017;2(1):1–7.

24. Miao Y, Zhu Y, Zhao W, Jiao C, Mo H, Zhang X, et al. Determination of vitamin 
C in foods using the iodine-turbidimetric method combined with an infrared 
camera. Appl Sci. 2020;10(8):2655.

25. Vállez-Gomis V, Carchano-Olcina S, Azorin C, Benedé JL, Chisvert A, Salvador 
A. Simultaneous quantification of vitamin A and derivatives in cosmetic 
products by liquid chromatography with ultraviolet detection. Separations. 
2022;9(2):40.

26. Hasan R, Begum R, Huq AKO, Rahman N, Akter S, Khan SH, et al. Develop-
ment of normal phase HPLC based method for the determination of retinyl 
palmitate in fortified edible oils. Int J Food Prop. 2023;26(1):24–37.

27. Xuan R, Wang T, Hou C, Li X, Li Y, Chen Y, et al. Determination of vitamin A in 
blood serum based on solid-phase extraction using cetyltrimethyl ammo-
nium bromide-modified attapulgite. J Sep Sci. 2019;42(23):3521–7.

28. Karaźniewicz-Łada M, Główka A. A review of chromatographic methods for 
the determination of water- and fat-soluble vitamins in biological fluids. J Sep 
Sci. 2016;39(1):132–48.

29. DeVries JW, Silvera KR, McSherry E, Dowell D. Determination of vitamin A 
(Retinol) in infant formula and adult nutritionals by liquid chromatography: 
first action 2011.15. J AOAC Int. 2012;95(2):322–8.

30. Kwiecień A, Hubicka U, Krzek J. Determination of retinyl palmitate in oint-
ment by HPLC with diode array detection. Acta Pol Pharm. 2010;67(5).

31. Wang X, Li K, Yao L, Wang C, Van Schepdael A. Recent advances in vitamins 
analysis by capillary electrophoresis. J Pharm Biomed Analy. 2018;147:278–87.

32. Kesuma S, Sabarudin A, Ulfa S. Determination of vitamin A and vitamin E con-
tents in fortified cooking oil using visible spectrophotometry. Asian J Chem. 
2020;32:565–9.

33. Aremu SO, Nweze CC. Determination of vitamin A content from selected 
Nigerian fruits using spectrophotometric method. Bangladesh J Sci Ind Res. 
2017;52(2):153–8.

34. ICH, I, editors. Q2 (R1): Validation of analytical procedures: text and methodol-
ogy. International conference on harmonization, Geneva; 2005.

35. Tobiszewski M, Marć M, Gałuszka A, Namieśnik J. Green chemistry 
metrics with special reference to green analytical chemistry. Molecules. 
2015;20(6):10928–46.

36. Tobiszewski M. Metrics for green analytical chemistry. Anal Methods. 
2016;8(15):2993–9.

37. Gałuszka A, Migaszewski ZM, Konieczka P, Namieśnik J. Analytical Eco-Scale 
for assessing the greenness of analytical procedures. TrAC Trends Anal Chem. 
2012;37:61–72.

38. Płotka-Wasylka J. A new tool for the evaluation of the analytical procedure: 
green analytical procedure index. Talanta. 2018;181:204–9.

39. Alanazi TYA, Mahgoub SM, Ahmed HA, Almalki MA, Alsehli BR, Abdel-Reheim 
MA, et al. Impressive stability-indicating RP-HPLC method for concur-
rent quantification of salbutamol, Guaifenesin, and sodium benzoate in 
cough syrup: application of six Sigma and green metrics. Rev Anal Chem. 
2025;44(1):20230083.

40. Al-Wasidi AS, Ahmed HA, Alshammari MFA, Nafee SS, Mohamed MA. Cutting-
edge HPLC and MCR techniques for synchronically quantifying anticholiner-
gic drugs in the presence of C12 and C14 homologs: robust application to 
green and white chemistry. Arch Pharm. 2024:e2400256.

41. Ahmed HA, El-Atawy MA, Nassef HM, Amin MS, Jaremko M, Emwas A-H, et 
al. Eco-friendly chromatographic techniques for appraisal of amlodipine, 
Hydrochlorothiazide, Telmisartan, and their related substances in dosage 
form: application to six Sigma and content uniformity approaches. Sustain 
Chem Pharm. 2024;38:101469.

42. Alanazi TYA, Almalki MA, Mohamed MA, Nassar HF. Five greenness assess-
ments of novel RP-UPLC and MCR methods for concurrent determination 
of selected pharmaceutical drugs in comparison with the lean six Sigma 
approach. Microchem J. 2023;194:109359.

43. Gianeti MD, Gaspar LR, Júnior FBdC, Berardo Gonçalves, Maia Campos PM. 
Benefits of combinations of vitamin A, C and E derivatives in the stability of 
cosmetic formulations. Molecules. 2017;17(2):2219-30.

44. Salvioni L, Morelli L, Ochoa E, Labra M, Fiandra L, Palugan L, et al. The 
emerging role of nanotechnology in skincare. Adv Colloid Interface Sci. 
2021;293:102437.

45. Saftić Martinović L, Birkic N, Miletić V, Antolović R, Štanfel D, Wittine K. 
Antioxidant activity, stability in aqueous medium and molecular docking/
dynamics study of 6-Amino-and N-Methyl-6-amino-L-ascorbic acid. Int J Mol 
Sci. 2023;24(2):1410.

46. Carlotti ME, Rossatto V, Gallarate M, Trotta M, Debernardi F. Vitamin 
A palmitate photostability and stability over time. Int J Cosmet Sci. 
2004;26(5):270–72.

47. United States Pharmacopeial Convention. United States pharmacopeia and 
National formulary: USP 44-NF 39. Rockville (MD). United States Pharmaco-
peial Convention; 2021.

48. United States Environmental Protection Agency. Persistent Bioaccumulative 
Toxic (PBT) Chemicals Rules Under the TRI Program. 2024.  h t t p  s : /  / w w w  . e  p a .  g 
o v  / t o x  i c  s - r  e l e  a s e -  i n  v e n  t o r  y - t r  i -  p r o  g r a  m / p e  r s  i s t  e n t  - b i o  a c  c u m  u l a  t i v e  - t  o x i  c - p  b 
t - c  h e  m i c a l s - r u l e s - u n d e r - t r i. Accessed 1 October 2024.

49. United States Environmental Protection Agency. Defining Hazardous Waste: 
Listed, Characteristic and Mixed Radiological Wastes. 2024.  h t t p s :   /  / w w  w .  e p  a  . 
g  o  v /  h  w /  d e fi   n  i  n g -  h a  z a r  d  o u  s - w   a s  t e -  l i  s  t e d -  c h  a r a  c t e  r  i s  t i   c - a  n d  -  m i x  e d  - r a d i o l  o g i 
c a l - w a s t e s. Accessed 1 October 2024.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.epa.gov/toxics-release-inventory-tri-program/persistent-bioaccumulative-toxic-pbt-chemicals-rules-under-tri
https://www.epa.gov/toxics-release-inventory-tri-program/persistent-bioaccumulative-toxic-pbt-chemicals-rules-under-tri
https://www.epa.gov/toxics-release-inventory-tri-program/persistent-bioaccumulative-toxic-pbt-chemicals-rules-under-tri
https://www.epa.gov/hw/defining-hazardous-waste-listed-characteristic-and-mixed-radiological-wastes
https://www.epa.gov/hw/defining-hazardous-waste-listed-characteristic-and-mixed-radiological-wastes
https://www.epa.gov/hw/defining-hazardous-waste-listed-characteristic-and-mixed-radiological-wastes

	Eco-friendly RP-HPLC method for simultaneous determination of water-soluble and fat-soluble vitamins in nano-formula and pharmaceutical dosage forms
	Abstract
	Introduction
	Experimental
	Instrumentation
	Materials and reagents
	Chemical and reagents
	Authentic samples
	Pharmaceutical sample
	Nano-cosmetic formula


	Standard solutions
	Laboratory prepared mixtures
	Chromatographic conditions
	Procedure
	Construction of calibration curves
	Assay of cosmetic nano formulation
	Assay of pharmaceutical Preparation
	Greenness assessment of the developed method (Green metrics)
	National environmental method index (NEMI label)
	Analytical Eco-Scale
	Green analytical procedure index (GAPI)

	Results and discussion
	Method development
	Method validation
	Linearity
	Precision
	Accuracy
	Limit of detection (LOD) and limit of quantification (LOQ)
	Specificity
	Application to commercial cosmetic Preparation and pharmaceutical product
	Standard addition technique
	Robustness
	Statistical comparison with reported methods
	System suitability determination




