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Several analytical procedures use the HPLC method to test glucose in 
other dosage forms, but there isn’t yet for tablet dosage forms. To deter-
mine glucose in chewable tablet dosage form using RP-HPLC, we thus 
concentrate on creating a single efficient approach. This study aims to 
develop and validate a simple, accurate, rapid, and economical method 
for glucose chewable tablets by RP-HPLC. The validated method is used 
to validate the process at each stage of tablet production. Chromato-
graphic runs were carried out on a Bondapak NH2 (10 µm, 3.9 mm x 
300 mm) column with a mobile phase of water and acetonitrile (70:30) 
at a flow rate of 1 mL/min and detected using an RI detector as per ICH 
guidelines. The method is shown to be linear in the range of 80% (1.6 
mg/mL) to 120% (2.4 mg/mL) of operating concentration with a cor-
relation coefficient of 0.999, accurate at a recovery rate of 98.0% and 
102.0%, and robust to changes in mobile phase ratio and flow rate. It 
is a simple, accurate, economical, fast, and precise method for glucose.

ABSTRACT

RESEARCH ARTICLE

ΕΡΕΥΝΗΤΙΚΗ ΕΡΓΑΣΙΑ



55

Tamilarasi GP., et al., Pharmakeftiki, 36, III, 2024 | 54-66

Tamilarasi GP., et al., Φαρμακευτική, 36, III, 2024 | 54-66

1. Introduction 

One of the most important analytical methods 
for research and laboratory studies is high-perfor-
mance liquid chromatography (HPLC)1. Its intrinsic 
capacity to analyze, separate, and purify various 
chemical samples, including but not limited to acid-
ic, basic, and neutral analytes, is extensively utilized 
in chemical, pharmaceutical, and biological analysis 
and drug treatment monitoring2.pharmaceutical res-
idues are a field of particular interest due to the ad-
verse effects to either human health or aquatic and 
soil environment. Because of the diversity of these 
compounds, at least 3000 substances were identi-
fied and categorized into 49 different therapeutic 
classes, and several actions are urgently required at 
multiple steps, the main ones: (i In reversed-phase 
liquid chromatography (RP-HPLC), the analysis 
is performed using a polar hydro-organic mobile 
phase and a nonpolar stationary phase that may or 
may not be spiked with a buffer salt3. The solutes’ 
hydrophobicity, the surface’s hydrophobicity, and 
the mobile phase’s polarity all increase retention 
as they become more hydrophobic. Two phenome-
na‒partitioning (where analyte molecules fully sub-
merge themselves in the bonded phase) and adsorp-
tion (which takes place at the bonded-phase/solvent 
interface)‒are used to accomplish separation.4,5.

Glucose is an aldose monosaccharide integral to 
photosynthesis and respiration, functioning as an 
energy store and metabolic fuel in most organisms. 
As a monomer and component of more complex 
compounds such as polysaccharides and glucosides, 
glucose also plays a significant role in contemporary 
food items, notably in taste and structure6. Chew-
able glucose tablets are a flexible dosage form with 
several benefits, including patient-centered medica-
tion administration, simple swallowing, the stability 
benefits of solid dosage forms, and oral drug deliv-
ery without the need for water. They provide a prac-
tical way to give pediatric medications and dietary 
supplements like chewable multivitamins. Chewable 
pills are used in veterinary medicine as well.7,8 

Before conducting a quantitative analysis, a qual-
itative analysis is required. Separation’s part is of-

ten necessary for qualitative analysis. The results of 
conventional quantitative analysis can be computed 
from the amount of analyte in the sample and the 
volume or mass of the sample. Analyzing pharma-
ceutical chemistry quantitatively relies on instru-
ments. New drugs are constantly being developed, 
and to control their quality, new methods are need-
ed. A modern pharmaceutical analysis must meet 
the following requirements: The analysis should 
be finished as soon as feasible, adhere to pharma-
copeia standards, be economical, and be exact and 
discerning. as opposed to letting a solvent drop 
down the column naturally. The variety of detection 
techniques available is one of the most significant 
advancements over column chromatography. These 
techniques are highly automated and incredibly del-
icate.9-11 

Diana et al. developed and validated a liquid chro-
matographic method to quantify glucose, fructose, 
and sucrose in raw tubers of Solanum tuberosum. 
Group Phureja and AMINEX HPX 87H columns were 
used. This extraction method achieved 94.14 to 
99.77% recovery. The three sugars’ detection lim-
its were 3.0 mg/L12. Wilson et al.13 found that using 
an HPLC with a refractive index (RI) detector could 
determine glucose, sucrose, and fructose in potatoes 
in a simple, reproducible manner. The method re-
covered 93% or more of all sugars using the HPLC 
system, which comprised a Bondapak/carbohydrate 
column and an acetonitrile/water solvent system 
(75:25). A range of 1.39-13.31% was observed in the 
coefficients of variation for the experiment.13 There 
have been reports on several analytical methods for 
determining sugars and sugar alcohols, including 
gas chromatography14, spectrophotometry methods, 
high-performance liquid chromatography15, and 
capillary electrophoresis.16 A major drawback of gas 
chromatography is the time-consuming process of 
derivatizing samples to trimethyl silane or alditol 
acetates. Calorimetric procedures do not directly 
distinguish monosaccharides, glucose, and fructose. 
Due to these drawbacks, HPLC methods are a better 
choice. It is becoming increasingly popular to use 
HPLC to separate sugars according to their quanti-
tative composition. HPLC combined with a UV-VIS 
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detector,15  a diode-array detector,17 a refractive-in-
dex detector18, a pulse-amperometric detector,19 
an evaporative light scattering detector,20  and a 
charged aerosol detector21 have been used. As sug-
ars and sugar alcohols lack any visible chromophore, 
the specific UV method is unreliable or impossible. 
HPLC methods for detecting these compounds rely 
on refractive index detectors. 

In this work, an RP-HPLC method has been de-
veloped for the quantitation of glucose in chewable 
tablets. According to a literature review, the HPLC 
method was employed by various analysts to mea-
sure glucose in other dosage forms. Still, no such 
techniques have been developed for the analysis of 
glucose in tablet dosage forms. 

2. Experimental

2.1. Reagents and chemicals

Glucose Standard was a generous gift from Twen-
ty-first-century Pharmaceuticals Pvt Ltd., Ambattur, 
Chennai (India). HPLC-grade acetonitrile and wa-
ter were purchased from Merck, India. All dilutions 
were performed in standard class-A volumetric 
glassware. All other chemicals used were of ana-
lytical grade. Triple distilled water was used in the 
entire study. Glucose sample tablets (NUVIT) were 
obtained from the local market.

2.2. Instrumentation 

Chromatographic separation was performed on 
Agilent Technologies  (1220 Infinity II LC) series 
HPLC have a Bondapak NH2, Column (10 µm, 3.9 
mm x 300 mm). The column temperature was main-
tained at 40 °C. To facilitate the chemicals’ dissolu-
tion, an Analytical Technologies Ltd. Sonicator was 
used. 

2.3. Chromatographic conditions 

The high-performance liquid chromatographic 
(HPLC) system used was operated isocratically with 
the column temperature maintained at 40°C, using 

a mobile phase composition of water: acetonitrile 
(70:30), the mobile phase solvents were filtered 
through 0.45 μm filter paper to remove particulate 
matter and degassed by sonication. The flow rate 
employed for analysis was 1.0 mL/min with run 
time 30min and the refractive index (RI) detector is 
the choice of detector for the determination of sug-
ars.

2.4. Preparation of stock standard solution and 
working standard solution

a) Preparation of 4mg/ml standard stock solu-
tion (Solution A)

Accurately weighed and transferred 200mg of Glu-
cose WRS into a 50ml volumetric flask. Added 30ml 
of mobile phase and sonicated to dissolve. Diluted to 
volume with mobile phase and mixed well.

b) Preparation of 1.6 mg/mL solution: (80% 
solution)

Pipetted out 4.0 mL of the standard stock solution 
(Solution A) into a 10 mL volumetric flask. Diluted to 
volume with diluent and mixed well. 

c) Preparation of 1.8 mg/mL solution: (90% 
solution)

Pipetted out 4.5ml of the standard stock solution 
(Solution A) into a 10 mL volumetric flask. Diluted 
to volume with diluent and mixed well. 

d) Preparation of 2.0 mg/mL solution: (100% 
solution)

Pipetted out 5.0ml of the standard stock solution 
(Solution A) into a 10 mL volumetric flask. Diluted 
to volume with diluent and mixed well. 

e) Preparation of 2.2 mg/mL solution: (110% 
solution)

Pipetted out 5.5ml of the standard stock solution 
(Solution A) into a 10 mLvolumetric flask. Diluted to 
volume with diluent and mixed well.

f) Preparation of 2.4 mg/mL solution: (120% 
solution): Pipetted out 6.0 mL of the standard stock 
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solution (Solution A) into a 10 mL volumetric flask. 
Diluted to volume with diluent and mixed well.

 Each of the standard solutions was injected 3 
times, and the mean peak area of the drug was cal-
culated and plotted against the concentration of the 
drug. The regression equation was found by using a 
standard curve.

2.5. Preparation of sample solution:

Calculate the average weight of 20 tablets. Mix the 
content thoroughly and weigh accurately about 140 
mg (Equivalent to 50 mg of glucose) of the mixed 
contents into a 25 mL standard flask. Add about 20 
mL of the mobile phase and sonicate for 30 min with 
occasional shaking, cool and dilute to 25 mL with the 
mobile phase. Filter through a 0.45 µm membrane 
filter. 

a) Preparation of 4.8 mg/mL of sample solu-
tion (80% solution):

Accurately weighed and transferred 120.02 mg 
of sample into a 25 mL volumetric flask. Added 
10 mL of mobile phase and sonicated to dissolve. 
Diluted to volume with mobile phase and mixed 
well.

b) Preparation of 6 mg/mL of sample solution 
(100% solution):

Accurately weighed and transferred 150.40 mg of 
sample into a 25 mL volumetric flask. Added 10 mL 
of mobile phase and sonicated to dissolve. Diluted to 
volume with mobile phase and mixed well.

c) Preparation of 7.1 mg/mL of sample solu-
tion (120% solution):

Accurately weighed and transferred 179.68 mg of 
sample into a 25 mL volumetric flask. Added 10 mL 
of mobile phase and sonicated to dissolve. Diluted to 
volume with mobile phase and mixed well.

 
2.6. Assay for RP-HPLC method

Inject 20 µL of standard and sample solutions into 
the HPLC system and record the chromatograms.

2.7. Method validation

As the International Conference on Harmoniza-
tion (ICH) and the Association of Official Analyti-
cal Chemists International suggested, the RP-HPLC 
technique was validated for linearity, accuracy, de-
tection limit, quantification, precision, specificity, 
and robustness.

2.8. Linearity

The linearity of the method was determined by an-
alyzing several aliquots of a standard glucose solu-
tion. For the RP-HPLC method, linear correlations 
were obtained between peak area and concentra-
tion for glucose in the ranges of 1.6 mg/mL, 1.8 mg/
mL, 2.0 mg/mL, 2.2 mg/mL, and 2.4 mg/mL, respec-
tively.

2.9. Accuracy

Three samples, each of 80% (4.8 mg/mL), 100% 
(6 mg/mL), and 120% (7.1 mg/mL) of the actual 
quantities present, were prepared for NUVIT tablets 
and the recoveries studied. Accuracy was assessed 
using the nine determinations of recoveries for each 
tablet.

2.10. Precision

Precision was assessed using the determination of 
a homogeneous sample of NUVIT at 100% test con-
centration. The method, system, and intermediate 
precisions were determined using relative standard 
deviation percentages to determine intermediate 
precision. Precision studies were repeated on differ-
ent days.

2.11. Robustness

As per ICH guidelines, small but deliberate varia-
tions in the mobile phase concentration were made 
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to check the method’s robustness. All samples were 
injected two times and analyzed.

3. Results and Discussion

3.1 Method development and optimization

3.1.1. Mobile phase selection
The mobile phase was selected based on best 

separation, peak purity index, point symmetry, the-
oretical plate, etc. The different solvent system was 
selected for analysis of glucose with varying con-
centrations of water and acetonitrile, Water: Aceto-

nitrile (25:75), Water: Acetonitrile (50:50), Water: 
Acetonitrile (75:25), Water: Acetonitrile (70:30). 
The diluent is selected based on the nature of the 
drug, such as pKa, and solubility. The solvent in 
which the sample drug has the maximum solubility 
is selected as the diluent. Glucose is freely soluble in 
water, so water is used as a diluent. Many trials were 
made to determine the mobile phase for eluting the 
sample drug. All the mobile phase solvents were fil-
tered through 0.45 μm filter paper to remove partic-
ulate matter and degassed by sonication. The flow 
rate employed for analysis was 1.0 mL/min. The mo-
bile phase found to be most suitable for analysis was 8 

 

Figure 1. HPLC chromatogram of [A]. Glucose Standard WRS [B]. Glucose Sample [C]. Blank 

3.2 Method validation 

3.2.1 Linearity and Range  

Table 1. The results of linearity parameters for glucose. 

 
Parameters  

Results  
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Water: Acetonitrile (70:30) and the refractive index 
(RI) detector is the choice of detector for the deter-
mination of sugars. 

3.1.2. System suitability parameter

After optimizing separation settings and allowing 
the mobile phase to saturate the column at 1mL/
min, glucose working standard replicates were in-
dividually injected into the column. The peak areas, 
retention duration, theoretical plates, tailing factor, 
resolution, capacity factor, and AUC was assessed to 
determine the appropriateness of the system. 

 3.1.3. Optimization 

Several parameters, including the composition of 
the mobile phase, the flow rate, the column type, and 

the detectors used, were varied to optimize the op-
erating conditions for RP-HPLC. The glucose analysis 
method showed the best resolution with Bondapak 
NH2, 10 µm, 3.9 mm x 300 mm column and mobile 
phase consisting of Water: Acetonitrile (70:30) with 
a flow rate of 1.0 mL/min. The mean retention time 
for glucose was 2.82min with good peak resolution 
and shape (Figure 1). 

3.2 Method validation

3.2.1 Linearity and Range 

The operating concentration of glucose was 2 mg/
mL. Concentrations between 80% to 120% of oper-
ating concentration were prepared and injected into 
the HPLC system, and the peak areas were noted 
(Table 1). 
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3.2.2 Precision  

3.2.2.1 System precision:

 

3.2.2.2 Method precision: (Intra-day precision)   

 

3.2.2.3 Intermediate precision: (Inter-day precision / Ruggedness) 

 

Table 2  Results of Intra-day and Inter-day precision.
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Concentration  
(mg)  

Intra-day precision  Inter-day precision 
Amount found 
(mg) 

% Recovery  Amount found 
(mg) 

% Recovery  

     
     
     
     
     
     

Mean  150.8449 100.5633 150.8449 100.5633 
Std. Dev  0.38 0,25 0.38 0,25 
RSD  0.252498 0.252498 0.252498 0.252498 

 

3.2.2.4 Accuracy  

  

Table 3

S. 
No 

Recovery Level Peak area Amount 
added (mg) 

Amount 
obtained (mg) 

Recovery 

Accuracy 80% 

 

Accuracy 100%

 

Accuracy 120%

 

 

Limit: Between 98.0% and 102.0% of added value, RSD Limit not more than 2.0% 
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Concentration was plotted against area response 

for glucose, and a straight-line graph was obtained. 
The method is linear in 80% and 120% of operating 
concentration. The coefficient of correlation for lin-
earity was found to be 0.999, typically specified in 
method validation protocols. The limit for the coeffi-
cient of correlation is not less than 0.995.

1.1.2 Precision 

3.2.2.1 System precision:

In HPLC, the peak areas of each of the six injec-
tions of the working standard solution were mea-
sured. The Chromatogram of the system precision is 

shown in Figure S1. 

3.2.2.2 Method precision: (Intra-day precision)  

The working sample (test) solutions were inject-
ed six times, and the area was measured for all six 
samples in HPLC. The %RSD for the area of six rep-
licate injections should be within the limit (Table 2). 
Chromatogram of the method precision is shown in 
Figure S2. 

3.2.2.3 Intermediate precision: (Inter-day pre-
cision / Ruggedness)

Six individual samples were prepared by a sec-
ond analyst using a different column and injected in 
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a different HPLC system on intraday. as per the as-
say method. The proposed method for glucose was 
verified by method precision, system precision, and 
intermediate precision (Ruggedness). The results 
were as tabulated (Table 3). The deviations among 
the results from the average value are +0.47% and 
-0.56%. Limit: 2% RSD values are well within limits, 
and the deviation among the results was also with-
in the limit. Hence the method has good precision. 
Chromatogram of the Intermediate precision as 
shown in Figures S3 and S4.

3.2.2.4 Accuracy 

Three samples of 80% (4.8 mg/mL), 100% (6 mg/
mL), and 120% (7.1 mg/mL) of the actual quantities 
were prepared for NUVIT tablets and the recoveries 

studied. Accuracy was assessed using the nine deter-
minations of recoveries for each tablet. The details 
are tabulated below (Table 3). The chromatogram of 
the accuracy is shown in Figure S5. 

Recovery studies verified the proposed method’s 
accuracy. 

The recovery percentage range was between 
98.0%, and 102.0% it is a good index of the accura-
cy and repeatability of the method. The results were 
tabulated in the Table 3. All parameters, including 
temperature, wavelength, detection, sensitivity, and 
flow rate, were maintained constant throughout the 
procedure. 

3.2.2.5 Robustness

The method’s robustness was checked by chang-

11 
 

3.2.2.5 Robustness 

 Figure 2. Chromatogram of water: acetonitrile (68:32). 

Table 4.  

S. No Sample ID Peak Area Amount 
added (mg) 

Amount 
obtained (mg) 

Recovery 

 

3.2.2.6 System Suitability  

–
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Blend Sample Batch-2 

Blend Sample Batch-3
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Table 7.

 
Core Tablets Batch-1 
S1. 
No 

Batch  Injection 1  Injection 2 Average  Average Wt 
of tablet 
(mg) 

Amount 
added (mg) 

Amount 
obtained (mg)  

Core Tablets Batch-2

Core Tablets Batch-3

14 
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ing some chromatographic conditions slightly, like 
changing the mobile phase flow rate and ratio. There 
were no drastic changes in chromatograms observed 
(Figure 2). The details are tabulated below (Table 4).

3.2.2.6 System Suitability 

The parameters checked for system suitability as 
shown in Table 5 

Relative standard deviation from standard injec-
tions - Acceptance criteria – (NMT) not more than 
2.0%.

Column efficiency: Acceptance criteria - the limit 
is not less than (NLT) 1000 theoretical plates.

Tailing factor: Acceptance criteria - not more than 
3.0%.  

4. Process Validation

The validated method was used for process valida-
tion in each stage, such as blending, core tablets, and 
coated tablets of the tablet dosage form production 

(Table S1). In the blending stage, each 360.0 mg of 
the blend contains glucose 150 mg of samples were 
collected from various places like back left top, front 
top, front middle, back right top, back right middle, 
back left middle, front bottom, back right bottom, 
and back left bottom are validated for 3 batches 
(Table 6). Chromatogram of the Blend samples are 
as shown in Figures S6 to S8. Validation results for 
core and coated tablets are given in Tables 7 and 8, 
respectively. Chromatogram as shown in Figures S9 
to S13.

5. Conclusion

The RP-HPLC method developed for the analysis 
of glucose chewable tablets is rapid, accurate, pre-
cise, and requires a very short run time, as retention 
time was 2.822 min. The developed method was 
validated successfully, showing satisfactory results 
for all method validation parameters. The percent 
recovery was 99.64%. An accurate, rapid, simple, 
and precise RP-HPLC method was developed to es-

15 
 

Table 8.

S.No Tests Results 
Coated Tablets Batch-1 

 

 
 

 
         

 
 

Coated Tablets Batch-2 
 

  

 

5. Conclusion 
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timate glucose. The proposed method can be used to 
estimate glucose in chewable tablets. The developed 
and validated method was used for process valida-
tion in each stage, and the report shows excellent re-
sults. The method was developed and validated ac-
cording to the ICH guidelines. Hence, the developed 
method can be used for routine analysis and process 
validation. 
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