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ABSTRACT
Background: Vitamin C, also called Ascorbic Acid (ASAC), is a potent antioxidant that has a 
significant role in fighting infections and helps in healing wounds. Aim: Quantitative estimation 
of ASAC in formulations is of significance in quality control. A simple, sensitive, highly efficient 
and reliable Ultra-Performance Liquid Chromatography (UPLC) analytical method was suggested 
for evaluating ASAC in various pharmaceutical products (chewable tablet, effervescent tablets, 
and capsules). Materials and Methods: The UPLC method was developed on a C8 column, and 
the column oven temperature was adjusted to 35±5ºC using Empower software. The mobile 
phase used was water, methanol, and 0.1% formic acid (16:80:04, v/v/v). 1 µL volume was injected 
on isocratic elution with a flow rate of 0.3 mL/min, and 2 min run time for the separation of 
ASAC. The peak absorbance of ASAC was noted at 244.3 nm. Results: The linearity of the ASAC 
calibration curve in the range of 25-125 ng/mL and 1-100 µg/mL for the developed UPLC and UV 
methods, respectively. The values of the correlation coefficient (R2) for ASAC were assessed to be 
0.9987 and 0.9873 by UPLC and UV methods, respectively. The results obtained showed a strong 
correlation between ASAC concentration and UPLC and UV response. Conclusion: The proposed 
suggested method demonstrated linearity, precision, accuracy, specificity, and robustness, for 
the quantitative assessment of pharmaceutical formulations consisting of ASAC within a short 
period of time.
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INTRODUCTION

Vitamin C, also called Ascorbic Acid (ASAC), is a potent 
antioxidant that has a significant role in fighting infections and 
helps in healing wounds. It assists in making collagen, a protein 
found in connective tissue that constitutes various systems in the 
body like bones, blood, cartilage, nervous and immune systems, 
etc. Collagen provides flexibility to the body and maintains a 
stable structure.1-3

Almost all animals synthesize ASAC, but the human body does 
not produce it and therefore the only source of it is fresh fruits 
and vegetables like guava, orange, mango, papaya, cabbage, 
spinach, and mustard leaves. It increases the absorption of iron, 

calcium, and folic acid in the body. It strengthens the person’s 
immunity, decreases allergies, forms bile in the urinary tract, and 
eases steroid secretions.4-7 ASAC is one of the most important 
water-soluble vitamins with antioxidant, redox, and pH regulator 
properties.8

ASAC is incorporated into various pharmaceutical and cosmetic 
formulations as a stabilizer, modifier, antioxidant and enhancer, 
making its quantification essential in pharmaceuticals, food, 
plant extracts, and other commercial products. It is one of the 
most utilized vitamins, either independently or in combination 
with other vitamins.8-11

ASAC was reported to prevent scurvy, a medical ailment that 
happens due to an insufficient of vitamin C in the body.12 The 
drug is listed in the different Pharmacopoeias such as BP, USP, 
Ph. Eur. and BNF 2021.13-16 The symptom of the deficiency is 
noted in men when the total body content of ASAC goes below 
300 mg, or the intake is less than 10 mg per day.17-20
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IUPAC name of ASAC (5R)-5-[(1S)-1,2-dihydroxyethyl]-
3,4-dihydroxyfuran-2(5H)-one. Tablets, injections, syrups and 
capsules etc., are the various formulations available on the market. 
Quantitative assays are conducted to determine ASAC content in 
various commercial formulations.21-25

Currently, drug analysis is a very important area in the 
pharmaceutical sector. It helps in choosing the dosage forms based 
on drug content and detecting impurities in pharmaceuticals. It is 
not only beneficial in pharmaceuticals but also helps in detecting 
the abused drugs in doping cases. Therefore, quantitatively 
estimating ASAC in formulations and biological fluids helps in 
averting adverse effects and promotes proper utilization.26-29

Numerous analytical methods have been reported in literature 
for estimating ASAC acid in different commercial formulations, 
plant extracts, pharmaceuticals, and food by titrimetric, 
spectrophotometric, electrochemical, fluorometric, enzymatic, 
and chromatographic methods.30-35 Titrimetric methods for 
analyzing ASAC are simple, cost-effective, economical, and 
adaptable to routine analyses,36 Spectrophotometric methods have 
enhanced detection sensitivity and rapid quantification,37 High 
performance liquid chromatography (HPLC) is widely regarded 
for its precision and reliability in ASAC analysis. It effectively 
separates ascorbic acid from complex sample matrices, allowing 
for accurate quantification38 and Enzymatic Methods are highly 
selective and can be adapted for various sample types.39 Among 
the various analytical techniques described in the literature for 
the assay of ASAC in pharmaceutical formulations, the most 
widely used is the chromatographic technique.40-43

The methods developed for the analysis of ASAC reported in the 
literature have limited sensitivity, utilized larger solvent volume, 
time-consuming, therefore, with the current study; the aim was 
to develop a simple, robust, cost-effective, precise, along with 
higher sensitivity, low solvent consumption, and rapid analysis.

Ultra-violet (UV) Spectrophotometry is utilized predominantly 
to determine ASAC because of its simplicity and ability to absorb 
UV rays. The method is appropriate for use with ASAC tablets, 
fruits and vegetables.44 Thin layer chromatography (TLC) has 
been utilized as a simple analytical method for the identification 
of ASAC in fruits and vegetables and pharmaceutical preparations 
using aluminum silica gel plates.45,46

The literature has reported Ultra performance liquid 
chromatography (UPLC) as one of the new liquid  
chromatographic techniques that enable reduced solvent 
consumption and less time for the analysis designed in a way 
to withstand system backup pressure.47 This study aimed to 
develop accurate, fast, precise, sensitive, robust, economical, and 
specific, UPLC method for the identification and quantification 
of ASAC in pharmaceutical preparations. The efficacy of the 
method was assessed by analyzing different pharmaceutical 

formulations of ASAC like tablets and capsules. In addition, a UV 
spectrophotometer method was also used for the quantification of 
ASAC, and TLC was used for its identification. The results of the 
current method (UPLC) were compared with other documented 
techniques.

MATERIALS AND METHODS

Chemicals

Standard reference ASAC (Purity: HPLC≥99.0%) was procured 
from Sigma Aldrich. HPLC grade methanol and water were 
obtained from Chroma solve (Germany). The source of Formic 
Acid (FA) was E-Merck (Darmstadt, Germany). The remaining 
reagents were used of analytical grades. Over-the-counter drugs, 
two tablets were purchased from a community pharmacy in 
Dammam and Al Khobar, KSA, whereas another tablet and 
capsules each one boxes were taken from a community pharmacy 
in India.

UPLC Instrumentation

The analytical technique development was carried out on Waters 
Acquity H-Class UPLC Photo Diode Array detector (PDA) 
(Waters, Milford, MA, USA). ASAC was separated on Acquity 
UPLC CSHTM C8 column (1.7 µm, 2.1×100 mm) adjusted 
to 35±5ºC temperature, utilizing Empower software. Water, 
methanol, and 0.1% formic acid (16:80:04, v/v/v) were employed 
as mobile phase, using 1 µL volume of injection on isocratic 
elution and at 0.3 mL/min flow rate and 244.3 nm detection 
wavelength.

Stock Solutions

A standard stock solution of ASAC with a concentration of 
250 µg/mL was made ready in a solvent comprising water and 
methanol (50:50, v/v). All the samples undergone filtration using 
membrane filters 0.22 µm syringe.

Preparation of Samples

Over the counter four pharmaceutical formulations, out of which 
two commercial tablets consisting of ASAC 1000 mg, one tablet 
consisting of ASAC 500 mg, and one capsule comprising ASAC 
500 mg were used. All the commercial formulations were coded 
as Tablet-1 (ASAC:500 mg), Tablet-2 and Tablet-3 (ASAC:1000 
mg), and Capsule-1 (ASAC:500 mg). Ten commercial tablets 
and capsules of each as mentioned above were taken and average 
weight was calculated separately for each commercial tablet 
and capsule. A portion of the Tablet-1, Tablet-2, Tablet-3, and 
Capsule-1 powder was dissolved in 100 mL of mobile phase 
comprising water and methanol (50:50, v/v), and sonicated for 
30 min for complete dissolution. Further, 1 mL of this solution 
was diluted with 50 mL of mobile phase comprising water and 
methanol (50:50, v/v) used earlier for analysis. All the samples 
underwent filtration with a 0.22 µm filter prior analysis.
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Method Validation
Validation of the UPLC method was undergone as per guidelines 
from ICH48-51 for the determination of ASAC content, it includes 
validation parameters: specificity, accuracy, precision, system 
suitability, robustness, linearity, LOD, and LOQ. The specificity 
of the UPLC technique was confirmed by matching the retention 
time and peak apex of the test with that of the standard. The 
newly developed methods linearity was evaluated by creating 
a plot of peak areas produced by the injection of ASAC against 
the concentration used for the construction of the calibration 
curve. The calibration curve was studied for the regression 
analysis. The procedure's accuracy was evaluated by employing 
a recovery study by standard accumulation technique at three 
varying concentrations of ASAC. The known quantity of ASAC 

was examined and calculated amounts. This investigation was 
carried out in triplicate. The system’s suitability was assessed to 
guarantee that the system was working accurately. The system 
suitability parameters including peak area, Retention time (RT), 
USP tailing, and K prime (Capacity factor or retention factor) 
were assessed as per ICH guidelines (n=6).

TLC analysis

TLC analysis of standard ASAC (1 mg/mL) and pharmaceutical 
formulations (20 mg/mL) samples were conducted on 5×10 cm 
aluminum plates coated of silica gel 60F (particle size: 5  μm) 
(Merck, Darmstadt, Germany). The application of the sample 
was done with the help of a capillary tube. Before starting 
the chromatography, the TLC chamber (CAMAG, Muttenz, 

Figure 1: Spectrum index plot: (A) standard ASAC, (B) Tablet-1, (C) Tablet-2, (D) Tablet-3, (E) Capsule-1.
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Switzerland) was filled with mobile phase vapors for 15 min 
to saturate it; 20 mL of the mobile phase was used for the 
development process. Linear ascending development was done 
up to 80 mm with solvent system Acetone-toluene-formic acid 
(6:3:1, v/v/v). Following the development phase, air dryers were 
utilized to dry the plates.52 ASAC was spotted at a wavelength of 
254 nm using a UV light chamber.

RESULTS

Analytical Method Optimization 

Several mixtures of organic or hydro-organic solvents were 
explored for being used as an eluent system for the setting up of 
a trustworthy UPLC approach for the identification of ASAC in 
marketed pharmaceutical formulation samples. The combination 
of methanol: water, acetonitrile: water, acetonitrile: methanol, 
methanol: formic acid and acetonitrile: formic acid was among 
the several solvents that were tested. Several criteria were 
considered in selecting the best solvent or solvent combination, 
along with the cost, solvent sensitivity, the duration of the analysis, 
the chromatographic characteristics, and compatibility with 
other chemicals. Upon applying the criteria, different solvents: 
methanol, acetonitrile, water, and formic acid were investigated as 
the mobile phase individually and in combination. A mixture of 

Water, methanol, and 0.1% formic acid (16:80;04, v/v/v) showed 
well separated and intact chromatographic peak of ASAC with a 
decent value of USP tailing (1.787), and good number of K Prime 
(6.569), and it also produced consistent Rt (0.757) (Figure 1). 
Finally, the best separation was achieved on the mixtures of Water, 
methanol, and 0.1% formic acid (16:80:04, v/v/v) of using the C8 
column set up at 35±5ºC temperature, using Empower software, 
using an injection volume 1 µL on isocratic elution with flow rate 
of 0.3 mL/min and 244.3 nm detection wavelength. Moreover, the 
maximum absorbance shown by ASAC was at 244.3 nm, when 
the spectrum index for ASAC was recorded using the PDA mode 
(Figure 1). Consequently, the assessment of ASAC took place at 
244.3 nm within 2 min runtime with a mean retention time of 
0.757 (Figure 2).

Method Validation 

To assess the several parameters for the analysis of ASAC, the 
ICH-Q2-R2 criteria was used.48 The regression of the standard 
calibration curve helped in assessing the linearity of the procedure. 
The linearity of the ASAC calibration curve in the range of 
25-125 ng/mL and 1-100 µg/mL for the developed UPLC and UV 
methods, respectively. The values of the correlation coefficient 
(R2) for ASAC were assessed to be 0.9987 and 0.9873 by UPLC 
and UV methods, respectively (Figure 3). The results obtained 

UPLC Method UV Method

Dosage 
forms

Labeled claim. 
mg/Tab

Observed content % W/W Observed content % W/W

Tab 500 512.20±1.374 102.617±0.613 492.35±0.719 98.416±0.142
Tab 2 1000 1076.80±1.741 107.768±0.781 1079.38±0.580 107.898±0.191
Tab 3 1000 1046.05±5.636 100.679±0.498 1026.43±0.813 102.532±0.400
Cap 1 150 152.191±2.656 101.246±0.693 149.098±0.239 99.32±0.229

Table 1: ASAC content in marketed formulation labeled claim.

Figure 2: Overlay UPLC chromatogram of standard ASAC, Tablet-1, Tablet-2, 
Tablet-3, and Capsule-1.
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Sl. 
No.

Techniques Column Run 
time

Linearity Rt LOD
LOQ

% Recovery % RSD 
Intraday/
Interday

References

1 HPLC C18 8 Min 1.0-12 μg/mL 3.5 min LOD: 0.05 µg/mL
LOQ: 0.17 µg/mL

95.4-101.5% 0.38%/1.22% 53

2 RP-HPLC C18 40 
Min

101-304 µg/mL 2.4 NR 98-102% 0.19%/0.75% 54

3 HPLC-ED C18 8 min 12.5-1000 μM 5.4 min -- 98-104% NR 41

4 HPLC C18 18 
Min

1-100 µg/mL 12.8 min LOD: 0.1 µg/mL
LOQ: 0.3 µg/mL

99% 4.6%/--- 55

HPLC C18 14 
Min

10-100 µg/mL 8.2 min LOD: 0.03 µg/mL
LOQ: 0.1 µg/mL

99% 1.51%/1.55% 56

6 HPLC C18 -- 0.25-1.5 mg/mL 3.5 min LOD: 1.95 µg/mL
LOQ: 6.5 µg/mL

99-102% NR 57

7 HPLC C18 10 
min

0.1-2.5 mg/mL 0.99 min LOD: 0.05 mg/mL
LOQ: 0.1 mg/mL

95-100% 1.78%/11.5% 58

8 UPLC C18 10 
min

0.006-0.1 mg/
mL

1.67 min NR NR NR 59

9 UPLC HSS T3 3 
MIN

0.5-25 µg/mL 1.87 min NR 95.6% 1.75%/4.22% 60

10 HPLC  C18 15 
Min

0-300 µg/mL 4.01min LOD: 0.049 µg/mL
LOQ: 0.149 µg/mL

98-100% 2.2%/2.4% 40

11 UPLC C18 4 Min 0-50 µg/mL 1.56 Min LOD: 0.024 µg/mL
LOQ: 0.073 µg/mL

99-100% 1.7%/1.9% 40

12 HPLC C18 5 Min 12.5-100 µg/mL 3.148 
Min

LOD: 8.078 µg/mL
LOQ: 34.90 µg/mL

105% 9.34%/--- (21)

13 UV 
Spectrophotometer

-- -- 12.5-100 µg/mL LOD: 1.35 µg/mL
LOQ: 32.86 µg/mL

95% NR 21

14 HPTLC -- -- 25-1200 ng/band 
range.

-- LOD: 8.630 ng/band
LOQ: 25.89 ng/band

98.2-99.1% 0.97%/1.30% 61

15 HPTLC -- -- 200-800 ng/band -- LOD: 8.22 ng/mL
LOQ: 15.21 ng/mL

99.5-101.8% 0.68%/0.81% 62

16 Spectrophotometric 
method

-- -- 40-320 µg/cm3 -- -- NR NR 63

17 HPLC C18 13 
Min

5-500 µg/mL 2.14 Min LOD: 7.89 µg/mL
LOQ: 23.89 µg/mL

98.3-103.7% 0.74%/1.38% 64

18 HPLC C18 14 
Min

2.5-80 µg/mL 2.497 
Min

NR 98.7-101.6% 1.22%/1.33% 65

19 HPLC C18 6.5 
Min

0.1-100 µg/mL 3.4 Min LOD: 0.02 µg/mL
LOQ: 0.10 µg/mL

98.7-102.2% 1.92%/1.28% 66

20 Proposed UPLC 
METHOD

C8 2 min 25-125 ng/mL 0.75 min LOD: 8 ng/mL
LOQ:24.52 ng/mL

97.5-104% 0.27%/0.10% CI*

*CI=Current investigation.

Table 2: Comparison with Reported Analytical Methods.
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showed a strong correlation between ASAC concentration and 
UPLC and UV response.

For the proposed and developed method RT, peak area, 
USP tailing, and K Prime results yielded were 0.757±0.001, 
27181.830±1375.087, 1.787±0.018, and 6.569±0.008, respectively. 
These obtained results determined that the developed UPLC 
method was suitable for assessing the ASAC content in the 
pharmaceutical formulations containing ASAC. The acquired 
findings of RT, peak area, USP tailing, and K Prime were within 
the acceptable range.36 Hence, the findings for assessing ASAC 
were reliable.

The precision assessment data for the developed UPLC method 
were calculated as percentage of Relative Standard Deviation 
(%RSD) and values are presented. The %RSD of ASAC for the 
proposed UPLC method was 0.196, 0.788, and 0.273 at low, 
medium, and high concentrations, respectively, for precision 
within the day. For precision in between the day, the % RSDs 
of ASCA for the UPLC method at low, medium, and high 
concentration, respectively, were estimated to be 1.173, 0.196, and 
0.110. The obtained % RSD of ASAC were within the acceptable 
range.48 These results indicate that the developed UPLC method 
is precise for assessing ASAC in Pharmaceutical formulations.

The % recovery of ASAC for the developed UPLC method was 
determined to be 102.66%, 97.49%, and 105.27%, respectively 
at low, medium, and high concentration levels. The obtained % 
recoveries of ASAC were within the acceptable range.48 These % 
recovery findings showcase the accuracy of the proposed UPLC 
method for assessing the ASAC in pharmaceutical formulations.

Figure 3: Calibration curves of ASAC (A) UPLC and (B) UV.

Figure 4:  Developed TLC plate for the analysis of ASAC using solvent system 
Acetone-toluene-formic acid (6: 3: 1, v/v/v).

The robustness of the method was evaluated by making few 
changes in flow rate and mobile phase solvent. The %RSD for 
the robustness assessment was assessed to be 0.42-2.33% and 
0.10-0.218% for mean peak area and retention time for flow rate of 
the developed method. For mobile phase composition, the %RSD 
for the mean peak area and retention time was 0.13-0.60% and 
0.11-0.21%, respectively. The robustness of the developed UPLC 
method for assessing ASAC in pharmaceutical formulations was 
demonstrated by little fluctuations in the %RSD of retention time 
of ASAC.

The LOD and LOQ results of the method were calculated. 
For evaluating ASCA, LOD and LOQ were estimated to be 
8.09±0.081, 24.52±0.277 ng/mL, and 1±0.016, 17.63±0.14 µg/mL 
for UPLC and UV methods, respectively. LOD and LOQ values 
confirmed the methods' sensitivity for the assessment of ASAC in 
pharmaceutical formulations.

The method specificity was determined by comparing the PDA 
spectrum index plot of ASAC in pharmaceutical formulations: 
Tablet-1, Tablet-2, Tablet-3 and Capsule-1 with those of standard 
ASAC. Figure 1 shows the PDA spectra of ASAC and ASAC in 
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pharmaceutical formulations. For the proposed UPLC method 
ASAC in standard and ASAC in Tablet-1, Tablet-2, Tablet-3 and 
Capsule-1 showed maximum response at 244.3 nm. The UPLC 
methods specificity was demonstrated by the matching PDA 
spectra, Rt values, and wavelength of ASAC in standard ASCA in 
Tablet-1, Tablet-2, Tablet-3 and Capsule-1.

Assessment of ASCA in marketed formulations

The developed method was used for the assessment of ASAC 
content in Tablet-1, Tablet-2, Tablet-3 and Capsule-1. For 
the developed UPLC method peaks were compared at Rt = 
0.757±0.001 for the UPLC chromatogram of ASAC from the 
Tablet-1, Tablet-2, Tablet-3 and Capsule-1 with that of standard 
ASAC. The chromatographic parameters of ASAC in Tablet-1, 
Tablet-2, Tablet-3 and Capsule-1 are displayed in Figure 2, ASCA 
peaks were identical is standard and formulations. The detection 
of additional peaks in Tablet-1, Tablet-2, Tablet-3 and Capsule-1 
showed its effectiveness in the assessment of ASAC in the presence 
of impurities/excipients/other phytoconstituents.

The calibration curve of ASAC was utilized to calculate the 
amount of ASAC in different formulations, and the results 
are showcased in Table 1. The quantity detected in Tablet-1, 
Tablet-2, Tablet-3 and Capsule-1 was assessed to be 512.20±1.374 
mg/Tab, 1076.80±1.741 mg/Tab, 1046.05±5.636 mg/Tab and 
1046.05±5.636 mg/Cap, respectively by developed UPLC 
method, respectively. However, the amount of ASAC in Tablet-1, 
Tablet-2, Tablet-3 and Capsule-1 was assessed to be 492.35±0.719 
mg/Tab, 1079.38±0.580 mg/Tab, 1026.43±0.813 mg/Tab and 
149.098±0.239 mg/Cap, respectively by developed UV method, 
respectively. The amount of ASAC was computed as higher in 
Tablet-1, Tablet-3, and Capsule-1 by the developed UPLC method 
compared to the UV method. Whereas the amount of ASAC was 
computed as higher in Tablet-2 by the UV method compared to 
the UPLC method. In summary, our reports disclosed that the 
proposed and developed UPLC method may be employed to 
evaluate ASAC in different foods and formulations with ASAC as 
one of the components.

TLC identification

Well-resolved ascorbic acid spotted after TLC plate development 
spotted at Retardation factor (Rf) 0.52 at 254 nm (Figure 4) in 
different pharmaceutical formulations. 

DISCUSSION

The proposed UPLC technique for the detection and quantification 
of ASAC was evaluated against the published analytical methods. 
Table 2 displays the findings of the comparison. Parameters for 
validation of the method LOD, LOQ, and Linearity apart from 
other parameters like runtime, retention time, mobile phase, and 

detection wavelength were compared with the other methods 
published.

The proposed UPLC and UV method was found to be linear in 
the range of 25-125 ng/mL and 1-100 µg/mL, respectively. The 
amount of ASAC was computed as higher in Tablet-1, Tablet-3, 
and Capsule-1 by the developed UPLC method compared to 
the UV method. Whereas the amount of ASAC was computed 
as higher in Tablet-2 by the UV method compared to the UPLC 
method. The UPLC method completed the analysis of ASAC 
within 2 min whereas UV method needed much more time and 
solvent. These findings indicated that UPLC method is highly 
sensitive, fast, and less time and solvent consuming compared to 
the UV method. On the other hand, the proposed UV method 
was found to be superior compared to other reported UV 
methods.21,63

The linear behavior of the present UPLC method was found 
to be 25-125 ng/mL which was found to be superior among 
other analytical techniques reported. In addition to the current 
technique the other two techniques that reported a lower 
linearity range were the HPTLC method 25-1200 ng/band 
range61 and 200-800 ng/band range.62 Although they were found 
to be inferior to the current method but were comparable. When 
comparing the run time, the current UPLC method detected the 
analytes in 2 min which was found to be the shortest time among 
all the reported methods for the estimation of ASAC although 
there was one reported method with a runtime of 3 min,60 
that was the only one closer to the current method, therefore 
the current method is found to be timesaving. The currently 
developed method had a retention time of 0.75 min which was 
found to be the least time for the detection of the analytes within 
2 min of analysis. The lowest reported in the literature was 0.99 
min in a HPLC Method for Analysis of ASAC in locally packed 
Juices of Pakistan.58 The current method reported a LOD of 8 ng/
mL, and an LOQ of 24.52 ng/mL, which is found to be excellent 
among all the methods in literature. Another reported method 
was HPTLC for showing closer values was LOD 8.22 ng/mL 
LOQ 15.21 ng/mL in freeze-dry pomegranate juice and herbal 
formulation.62 The linearity range of the other reported methods 
including: HPLC, HPTLC and UPLC were found to be inferior 
to the current UPLC method and similar and superior results to 
the current UV method.64-66 However, the precision of the current 
UPLC method were found to be much superior whereas accuracy 
were inferior from few reported methods. Overall, the current 
UPLC method was superior to reported HPLC, HPTLC, UPLC 
and UV methods for the estimation of ASAC. All the validation 
parameters precision, specificity, accuracy, robustness, LOD, and 
LOQ  were within the ICH guidelines limits,  in summary, the 
present UPLC method to estimate ASAC was found to be leading 
among all published methods of ASAC analysis.
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CONCLUSION

The current method aims to come up with a simple, sensitive, 
and cost-effective UPLC technique for the estimation of ASAC 
in different pharmaceutical preparations (chewable tablets, 
effervescent tablets, and capsules). The validation of this UPLC 
method was done following the ICH guidelines for linearity, 
precision, LOQ, accuracy, sensitivity, and robustness. The method 
showcased linearity, high sensitivity, simplicity, robustness, and 
cost-effectiveness based on their low retention time, flow rate, and 
low injection volume. The present UPLC method demonstrated 
superiority compared to other reported analytical methods of 
ASAC analysis making it an attractive alternative for the estimation 
of ASAC in different pharmaceutical formulations. Furthermore, 
linear regression analysis of the UV-visible spectrophotometric 
method was done, and it was found to be linear and sensitive 
based on their regression coefficient LOD, and LOQ values. The 
qualitative identification of the ASAC was done by TLC.
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ABBREVIATIONS

ASAC: Ascorbic Acid; UPLC: Ultra-Performance Liquid 
Chromatography; UV: UV Spectrophotometry (or UV 
method); HPLC: High-Performance Liquid Chromatography; 
TLC: Thin-Layer Chromatography; PDA: Photo Diode Array 
detector; ICH: International Conference on Harmonization; 
LOD: Limit of Detection; LOQ: Limit of Quantification; RT/Rt: 
Retention time; R2: Correlation coefficient; %RSD: percentage 
of Relative Standard Deviation; K Prime: Capacity factor (or 
retention factor); FA: Formic Acid; HPTLC: High-Performance 
Thin-Layer Chromatography; RP-HPLC: Reversed-Phase 
High-Performance Liquid Chromatography; BP: British 
Pharmacopoeia; USP: United States Pharmacopoeia; Ph. Eur.: 
European Pharmacopoeia; v/v/v: volume/volume/volume; 
mg/Tab: milligrams/Tablet; mg/Cap: milligrams/Capsule; CI: 
Current investigation.
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