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Abstract  
Pharmaceutical growth dominated a transformation in human health. These drugs need 
to attend to their target only, so they must be free from impurities and appropriately 
controlled. Due to that, diverse instrumental techniques were advanced at steady intervals 
to accomplish their intention to quantify the limits per the regulatory. NTG and RPG 
pharmaceuticals might generate impurities during the development phases, packing, and 
shipping, which could be risky to administer. Hence, detecting and quantifying them 
using various analytical techniques at multiple stages is necessary. This review highlights 
the function of different analytical methods, including UV–Vis, HPLC, HPTLC, UPLC, 
HPLC/MS and UPLC/MS, in quantifying drugs, impurities and metabolites in bulk, 
pharmaceutical formulations and biological fluids. Also, it discussed the specific 
advantages and limitations of individual techniques. It compared them regarding 
sensitivity, specificity, cost, time consumption, efficacy, and the practical challenges of 
implementing these analytical techniques in real-world settings to determine 
pharmaceuticals. 

1. INTRODUCTION 

Type 2 diabetes cases are increasing worldwide, but it is 
promising to handle the number by exercising and diet con-
trol.1 The study proved that hypoglycaemic drugs that be-
long to the Meglitinide class of short-acting insulin secre-
tagogues could constrain blood glucose by accelerating the 
insulin release from the pancreas, which is ATP-supported 
potassium channels β cells.2 The deadly illness needs reg-
ulation, and it could possibly cause lifelong difficulties like 
peripheral vascular disease due to probable disorders in 
blood circulation, stroke, which minimises blood flow to-
wards the brain, blindness, cardiovascular disease, diabetic 
neuropathy that damages the nerve and renal failure be-
cause of kidney damage.3‑5 Diabetes is also considered to 
be a protein and carbohydrate reduction with the metabo-
lism of fat due to a deficiency of insulin that causes hyper-
glycemia.6 

The meglitinide agent, repaglinide (Figure 1a ), is used 
for antidiabetic management of type 2 diabetes mellitus. 
It is chemically known as S(+)2-ethoxy-4(2((3- 
methyl-1-(2-(1-piperidinyl) phenyl)-butyl) amino)-2-ox-
oethyl) benzoic acid. The other D-phenylalanine derivative, 
nateglinide (Figure 1b ), also has been approved for treating 
diabetes mellitus. So, it is necessary to understand the drug 
development process, which is essential to support scien-
tific and commercial success. Ensuring an active pharma-

ceutical ingredient (API) ‘s physical and chemical assets 
and pharmaceutical formulation is vital for regulatory 
agreement and therapeutic accomplishment. The major 
challenge for drug development is manufacturing and con-
trolling components, ensuring that the compound and 
product’s chemical and physical properties are examined at 
all crucial phases of the pathway. Stability studies are nec-
essary to verify and provide the identity, purity and po-
tency of ingredients and formulated products. The analyt-
ical method’s limitations included controlled applicability 
to individual problems. These methods can be challenging 
to apply for complex issues and time-consuming, labour-
intensive processes. Their applicability is also limited in 
real-world problems and difficulties when combined with 
external factors. These limitations make methods less ver-
satile but provide adaptability to the approximate meth-
ods that could routinely solve complicated issues in various 
fields. As a result, analytical methods’ limitations can indi-
cate increased reliance on approach methods, which could 
help the researchers understand the method’s applicability 
and select a suitable technique for the analysis. Due to 
its therapeutic importance, several methods, such as ul-
traviolet-visible spectrophotometry (UV–Vis), high-perfor-
mance liquid chromatography (HPLC), high-performance 
thin-layer chromatography (HPTLC), ultra–pressure liquid 
chromatography (UPLC), high-performance liquid chro-
matography-mass spectrophotometry (HPLC-MS) and ul-
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Figure 1. Structure of (a) Repaglinide (b) Nateglinide.       

tra–pressure liquid chromatography-mass spectrophotom-
etry (UPLC-MS) are based on different techniques had been 
reported in API, pharmaceutical formulations and biologi-
cal fluids. The main aim of antidiabetic drugs is to serve hu-
mans and free them from promising illness and disease pre-
vention. For medicines like NTG and RPG to provide their 
projected target,7,8 they would be protected from contami-
nation or other obstacles that harm humans. 

The current review focuses on determining and quan-
tifying NTG and RPG in API, pharmaceutical formulations 
and biological fluids. It also signified the introduction of 
analytical techniques and their advantages and limitations 
in quantifying the drugs. It also emphasizes advancing the 
reported practice from the older UV-Vis approach to inno-
vative hyphenated methods. It might help new researchers 
from academia and industry to understand their functions 
and capabilities, which could open an option whether these 
methods are still the best or are being supplanted with 
more advanced techniques. 

2. ANALYTICAL TECHNIQUES 

2.1. SPECTROPHOTOMETRY 

UV–Vis spectrophotometry is a valuable and easy technique 
for a drug’s qualitative and quantitative determination due 
to its simple, low-cost technique, without pretreatment 
prior to analysis (Scheme 1 ). It also required less time and 
labour intake. This technique, mainly used in pharmaceuti-
cal formulation analysis, has increased based on the redox 
and complexation reaction. 

The detailed investigation based on the specificity, sen-
sitivity, and broader range of each reported procedure were 
included in Table 1 ,9‑22 and studies elaborate on all re-
ported procedures for both. Nearly all the analytical de-

terminations used methanol as a diluent for RPG quan-
tification11‑13,15,16 at different wavelengths. However, the 
procedure showed excellent linearity in bulk and pharma-
ceutical formulations. The precision results were within the 
acceptable limit. The developed method9 is based on the ki-
netic spectrophotometry applied response surface method-
ology combined Box–Behnken design, which reduced the 
uses of reagents and solvents with the minimum number of 
trials and supported the eco-friendly green analysis. The % 
assay of the RPG in tablets was entirely satisfactory, about 
98.24% as per the Indian Pharmacopoeia.10 The degrada-
tion results also confirmed its value within the permissible 
range. The % recovery was 97.92–101.35%, and the % RSD 
was less than 2% (Figure 2 ). The literature continued to 
reveal the NTG quantification17‑22 with a wider dynamic 
range in bulk and pharmaceutical formulations (Figure 3 ). 
The determination was based on visible spectrophotome-
try.17,19,22 It showed no interference from excipients due to 
higher wavelength in the visible region with an acceptable 
% recovery. However, minor positive interference was de-
tected in the occurrence of a significant amount of excess 
excipients such as glucose, lactose, Arabic gum, sodium 
chloride, sucrose and starch. Few developed procedures 
have used18,22 methanol as a diluent that focuses on pre-
cise results and confirms that all the reported procedures 
are susceptible to accessing the drug concentration in dif-
ferent matrices. 

2.2. HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 
(HPLC) 

All the chromatography methods, from traditional to hy-
phenated, are more accurate and precise depending on the 
available analyte’s characteristics and present stationary 
and mobile phases. Based on that, different chromatogra-
phy techniques were established for pharmaceutical analy-
sis. HPLC has recently shown much interest due to its ease 
of instrumentation, selectivity, and high specificity for drug 
analysis (Scheme 2 ). As usual, it is a wholly improved type 
of column chromatography, in which a solvent is con-
strained through a column at high pressures rather than al-
lowed to move under gravity. As an outcome, it is signifi-
cantly faster. Generally, using a non-polar stationary phase 
for polar analytes is called reverse phase chromatography, 
whereas for non-polar components, using a polar mobile 
phase is known as normal phase chromatography. 

However, it always needs to be kept in mind during 
method development that solvents and reagents must be 
used less to be eco-friendly and use a white analytical 
methodology. The determination of RPG23‑28 and NTG29‑36 

employed varied column types, and a combination of differ-
ent mobile phases containing buffers and an organic modi-
fier could be used to develop the method for their quantifi-
cation (Table 2 ). 

The reported method was first applied to determine RPG 
instantaneously in the presence of remdesivir (RDV) and 
dexamethasone (DXM) using a lesser organic solvent in the 
mobile phase.23 It was a prominent procedure to produce 
more precise results with a large number of quality control 
samples. The sample recoveries agreed with their respec-
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Scheme 1. Instrumentation and figure of spectrophotometry.      

Table 1. Determination based on the spectrophotometric analysis.       

Diluent/Reagent 
Detection 

(nm) 
Linearity 
(µg/mL) 

LOD 
(µg/
mL) 

LOQ 
(µg/mL) 

Applications References 

1-chloro-2,4-dinitrobenzene 423 2–20 0.76 2.44 API, 
pharmaceutical 
and biological 
fluid 

9 

Acetonitrile: Water = 70:30 
v/v 

244 2–70 0.1109 0.336 Bulk and tablets 10 

Methanol 294 1–35 0.0169 0.0512 Bulk and tablets 11 

Methanol 308 5–50 0.568 1.821 Tablet 12 

Methanol 237 10–90 5.4603 16.5465 Pharmaceutical 
dosage forms 

13 

Methanol, 0.1 N HCl and 
phosphate buffer (pH–6.8) 

299, 283 1–6, 1–6 0.19, 
0.21 

0.58, 
0.64 

Tablet 
formulation 

14 

Methanol 287 5–40 1.01 3.13 Dosage forms 15 

Methanol 241 5–30 1.15 3.48 Tablets 16 

1-chloro-2,4-dinitrobenzene 
and DMSO 

421 1–15 0.21 0.62 Pharmaceutical 
formulations 

17 

Methanol 258 50–250 4.2 12.5 Tablet dosage 
form 

18 

3-methyl-2-benzothiazolinone 
hydrazone 

634 50–300 11.78 35.7 Tablets 19 

0.1 M NaOH, 0.1 M HCl 210, 270 3–54, 
4–72 

0.91, 
0.72 

2.73, 
2.16 

Pharmaceuticals 20 

0.1M piperazine 220 5–30 
---- 

---- Bulk and 
pharmaceutical 
formulation 

21 

Methanol 465 2–10 0.625 1.101 Crude and 
marketed 
sample 

22 

tive label claims in the formulation with a lesser retention 
time,24,25 and formulation excipients did not restrict RPG 
estimation, demonstrating appropriateness for identifying 
counterfeit drugs.28 

Few analytical procedures are selective and can quantify 
RPG in biological fluids26,27 with excellent accuracy, preci-

sion, and higher therapeutic stability range, including the 
liquid extraction practice that was sensitive and repro-
ducible with enhanced extraction and development effi-
ciency.26 

However, the bioanalytical-based HPLC procedure that 
mingled with the fluorescence detector required 40ºC as 
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Figure 2. (a) Wavelength (b) Linearity range (c) LOD and LOQ determination respected to reference no. to                
quantify RPG using spectrophotometry.     

Figure 3. (a) Wavelength (b) Linearity range (c) LOD and LOQ determination respected to reference no. to                
quantify NTG using spectrophotometry.     

column temperature and a run time of 23 min,27 which also 
included a simple protein precipitation process for its de-
termination and validation. The precision results were as-
sessed based on the %RSD value and calculated as 8.30% 
and less. 

In comparison, the accuracy was estimated in terms of 
% recovery within 98.6–112% for the sample concentration 

in the range of 10–2000 ng/mL in rat plasma, which was 
considered accurate, precise and reproducible as per the 
FDA guidelines. The NTG quantification enhanced with 
Box–Behnken helped to reduce the analysis time and sol-
vent consumption.29 The retention time was decreased 
with higher reproducibility, increasing the method’s quan-
tification capability.30‑35 Waters Nova Pak eluted the NTG 
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Scheme 2. Instrumentation and figure of HPLC.      

within 1.4 minutes at room temperature.35 Parent drug 
molecule detection could be possible at temperatures over 
30ºC and higher run time.36 The graphical representation 
of the valuable data (Figures  4  and  5) demonstrates its re-
spective quantitative perspective to quantify RPG and NTG, 
respectively. 

2.3. HIGH-PERFORMANCE THIN LAYER 
CHROMATOGRAPHY (HPTLC) 

High-performance thin-layer chromatography (HPTLC) is 
the most convincing and cumulative form of thin-layer 
chromatography (Scheme 3 ). It concerns about the chro-
matographic layers based on different functionalities, and 
these principles were applied to develop advanced equip-
ment for all phases in the method development. It includes 
a standardized process based on efficient qualitative and 

Figure 4. (a) Linearity range (b) LOD and LOQ (c) % RSD (d) % Recovery against reference no. to quantify RPG                    
applying HPLC.   

quantitative testing approaches depending on scientific ev-
idence. It also encounters all the quality needs of a current 
analytical research laboratory. The progress in HPTLC aims 
to increase the compound’s resolution to be separated and 
facilitate the substance’s quantitative analysis. 

The developments could be with the stationary phase, 
likely higher-quality chromatography plates that contain 
significantly thinner particle sizes that permit improved 
resolution with lower LODs, higher sensitivity, and low 
cost.37 The reported method was applied to quantify NTG 
and its present impurities.38 The advantage of the proce-
dure was to use fewer organic solvents, which could be eco-
friendly and cost-effective due to reduced methanol con-
sumption with a linearity range of 100–600 µg/band. The 
procedure comprehensively determines its impurities 1 and 
2 in bulk and pharmaceutical formulation with LOD and 
LOQ 4.17 (ng/band), 0.28 (ng/band), 6.21 (ng/band) and 
1.81 (ng/band), respectively. Applying the preparative liq-
uid chromatography method also showed no excipient in-
terference from the formulation during impurity isolation. 

The NTG determination could be quantified with other 
drug combinations like with metformin applying ethyl ac-
etate, chloroform and acetic acid (6:4:0.1, v/v/v) as a mobile 
phase with pre-coated silica gel (60 F–254) on aluminium 
plates as a stationary phase which detected within the 
range of 200–2400 ng/band at 216 nm.39 The procedure 
had a higher recovery percentage of 99.72, with the po-
tential to quantify simultaneously from formulation with-
out any intervention from the excipients. However, a simi-
lar stationary phase could be used to determine RPG from 
other combinations like metformin and melamine with dif-
ferent mobile phase mixtures of methanol, chloroform and 
acetic acid (1: 8.5: 0.5, v/v/v), which detected at 240 nm40 
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Table 2. Important parameters for the determination of drugs using HPLC.          

Chromatographic conditions 
Linearity (µg/

mL) 
LOD 

(µg/mL) 
LOQ 

(µg/mL) 
Recovery 

(%) 
RSD 
(%) 

Applications References 

Column: Purospher RP-C18 (150x4.6 mm, 5 µm) 
Mobile phase: TFA in water (0.1%): acetonitrile = 70:30, v/v 
Detection: 235 nm 
Retention time: 7.61 min 

2–32 0.2 1 
93.83 

–106.49 
1.22 – 
7.09 

Human plasma 23 

Column: C18 (150×4.6mm, 5μm) 

Mobile phase: Methanol and water mixture (gradient elution) 
Flow rate: 0.6 mL/min 
Wavelength: 245.5 nm 
Retention time: 2.564 min 
Run time: 10 min 

50.02–150.06 0.01436 0.04353 98–99 0.0643 Bulk and dosage form 24 

Column: C18 (4.6×150mm, 3.5 µm) 
Mobile phase: KH2PO4 (pH–2.2): Acetonitrile = 35:65% v/v 
Flow rate: 0.6 mL/min 
Wavelength: 240 nm 
Retention time: 3.825 min 
Run time: 7 min 

5–50 0.05 0.19 98.03–98.05 0.26 
Pure and 

pharmaceutical 
formulation 

25 

Column: C18 (250×4.6 mm, 5 μm) 

Mobile phase: Acetonitrile: trifluoroacetic acid (0.05%) in water = 
55:45, v/v 
Flow rate: 1 mL/min 
Wavelength: 285 nm 
Retention time: 4.3 min 

0.01–1 0.00173 0.00523 98.17–101.02 3.39 Rabbit plasma 26 

Column: C18 (250×4.6 mm, 5 µm, 100 Å) 
Mobile phase: 10 mM phosphate 
buffer (pH 6.0) and ACN = 53.6:46.4, v/v 
Flow rate: 1 mL/min 
Fluorescence Detector: Excitation–240 nm and Emission–380 nm 
Temperature: 40ºC 
Run time: 23 min 

0.01–2 ___ LLOQ–2.69 98.5–104 2.69 Rat plasma 27 

Column: Kromasil 100-C18 (30×0.4 cm, 10 μm) 

Mobile phase: Gradient elution of ACN, KH2PO4 (0.05) and sodium 
octane sulphonate (0.01 M) with pH 3.55 
Flow rate: 0.85 mL/min 
Wavelength: 220 nm 
Retention time: 14.32 min 
Run time: 20 min 

0.1–100 0.007 0.024 98.9–101.3 0.2–1.6 
Pharmaceutical 

samples 
28 

Column: C18 ODS (250×4.6mm, 5µm) 
Mobile phase: Phosphate buffer : Acetonitrile: Methanol = 

10–120 0.754 2.28 100.39 0.259 Tablet dosage form 29 
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Chromatographic conditions 
Linearity (µg/

mL) 
LOD 

(µg/mL) 
LOQ 

(µg/mL) 
Recovery 

(%) 
RSD 
(%) 

Applications References 

30:55:15, v/v 
Flow rate: 1 mL/min 
Wavelength: 221 nm 
Retention time: 5.261 min 
Run time: 10 min 
Column temperature: 30ºC 

Column: Sunfire C18 (4.6×250mm, 5µm) 
Mobile phase: Water: Acetonitrile = 60:40%, v/v 
Flow rate: 0.9 mL/min 
Wavelength: 220 nm 
Retention time: 3 min 
Run time: 6 min 
Column temperature: 35ºC 

20–100 __ __ 100.17 
0.65– 
0.89 

Bulk and 
pharmaceutical 

formulations 

30 

Column: C18 (25cm×4.6mm, 5µm) 
Mobile phase: Potassium dihydrogen phosphate (20 mM) and 
Methanol = 15: 85, v/v 
Flow rate: 1.2 mL/min 
Wavelength: 227 nm 
Retention time: 3.78 min 

3–15 0.22 0.67 99.19 
0.8 – 
1.72 

Formulation 31 

Column: Kinetex pentafluorophenyl (4.6 x 150 mm, 5µm) 
Mobile phase: 0.05 M Na2HPO4 adjusted pH=2 with H3PO4 and 
methanol = 30:70, v/v 
Flow rate: 1 mL/min 
Wavelength: 215 nm 
Column temperature: 22ºC 
Retention time: 4.779 min 

2.54–40.70 1.07 2.54 98.78–100.76 0.84 Tablet dosage form 32 

Column: ACE C18 (150 x 4.6 mm , 5 μm) 

Mobile phase: Acetonitrile: Trifluoroacetic acid (0.05%) = 25:25, v/v 
Flow rate: 1.5 mL/min 
Wavelength: 210 nm 
Retention time: 4.21 min 

284.6–1012.5 __ __ 101.10 0.33 Drug substance 33 

Column: Waters Nova-Pak C18 (150×3.9 mm, 4 μm) 

Mobile phase: KH2PO4 (10 mM): Acetonitrile = 40: 60, v/v adjusted 
pH 3.5 with 10% H3PO4 
Flow rate: 1.5 mL/min 
Wavelength: 210 nm 
Column temperature: Ambient temperature 
Retention time: 1.4 min 

10–200 0.0151 0.05 90 
0.216 – 
3.936 

Rat plasma 34 

Column: Inertsil C18 (250×4.6 mm, 5 μm) 14.4–33.2 1.55 4.69 98.43–101.27 
1.35 – 
1.83 

Bulk and dosage 
forms 

35 
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Chromatographic conditions 
Linearity (µg/

mL) 
LOD 

(µg/mL) 
LOQ 

(µg/mL) 
Recovery 

(%) 
RSD 
(%) 

Applications References 

Mobile phase: Phosphate buffer (pH–4): Acetonitrile: Methanol = 
30: 60: 10, v/v/v 
Flow rate: 1 mL/min 
Wavelength: 221 nm 
Retention time: 4.21 min 

Column: Hypersil BDS C18 (250×4.6 mm, 5 µm) 
Mobile phase: KH2PO4 (10 mM) buffer of pH 2.5 and Acetonitrile = 
35:65, v/v 
Flow rate: 1 mL/min 
Wavelength: 210 nm 
Column temperature: 30±2ºC 
Retention time: 9.261 min 
Run time: 16 min 

0.10074 
–3.32983 

__ __ 98.19–99.83 
4.95 – 
10.72 

Rabbit plasma 36 
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Figure 5. (a) Linearity range (b) LOD and LOQ (c) % RSD (d) % Recovery against reference no. to quantify NTG                    
applying HPLC.   

within the range of 0.2–1.5 µg/band. Whereas the other sol-
vent system combined with methanol, ammonia, chloro-
form and acetic acid (1.5: 0.9: 7.5: 0.1, v/v/v/v) could able 
to determine its purity and related impurities with a wider 
dynamic range of 50–800 ng/spot. The percentage accuracy 
showed a higher % recovery between 98.79 and 99.61.41 

Therefore, HPTLC methods had many benefits compared to 
LC, which included one standard plate that could analyse 
simultaneous samples with reduced equilibrium time and 
higher mobile phase pH. It could also hold larger samples 
and consume less solution with decreased run time without 
solvent pretreatment. The stability-indicating assets indi-
cated that the substances could possibly be assessed in the 
occurrence of their degradation product. Thus, it can simul-
taneously evaluate their degradation products in stability 
samples in the industry. 

2.4. ULTRA-PRESSURE LIQUID CHROMATOGRAPHY 
(UPLC) 

Ultra-pressure liquid chromatography (UPLC) is a new 
practice that creates new potential, specifically involving 
reduced time and solvent utilization. The UPLC chromato-
graphical system uniquely resists the system’s high back 
pressures by connecting particular types of analytical 
columns (Scheme 4 ). In conventional HPLC, the particle 
size selection should be an agreement in which the smaller 
the particle size, the higher the influence of increasing the 
column back pressure, which could be a restraint of em-
ploying such columns. 

The column diameters of 1 and 2.1 mm could cause sim-
ilar difficulties and reduce usage under normal settings. A 
sensitive and consistent UPLC procedure was built to quan-

Scheme 3. Instrumentation and figure of HPTLC.      

tify NTG in the presence of another drug, metformin, with 
the help of Phenomenox C18 column (50×2.1 mm, 3.5 µm) 
using ammonium formate buffer of pH-3 and acetonitrile 
(75: 25, v/v) as mobile phase, eluted within 3 minutes at 
260 nm. The linearity range of the reported method was 
in the range of 7.5–45 µg/mL with LOD and LOQ values of 
0.09 and 0.3 µg/mL, respectively. The precision values were 
within the acceptable limit regarding % RSD between 0.45 
and 0.58%.42 

Whereas Waters Acquity UPLC SB C18 followed a slightly 
higher flow rate and column temperature of 30ºC to elute 
NTG at 1.71 min with a broader linearity range of 15–90 
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Scheme 4. Instrumentation and figure of UPLC.      

µg/mL.43 The method’s novelty was verifying the specificity 
test by forced degradation study. The UPLC method can 
quantify RPG in pharmaceutical formulations with precise 
and validated procedures within 2.1 minutes and reveals 
exceptional performance in terms of sensitivity and speed, 
which could be used as a routine RPG analysis. The method 
is stability-indicating for RPG assay in pure and formula-
tions. Also, the method’s degradation study reveals it is 
precarious in acidic and basic forms.44 

The product’s quality, as assessed by UPLC, would be 
better with less time. Still, the problem is related to column 
life because it requires high pressure, possibly damaging 
the column competence. Innovative and selective ap-
proaches were advanced to establish whether drugs with 
commercial formulations were single- or combined-dosage 
form 

2.5. HPLC AND UPLC COMBINED MASS 
SPECTROPHOTOMETRY 

LC is liquid chromatography combined with mass spec-
trometry (MS), either HPLC–MS (Scheme 5 ) or UPLC–MS 
(Scheme 6 ). The chromatography method’s separation 
ability and mass spectrophotometry identification facility 
are combined. MS is a perfect technique that can confirm 
a compound’s structure using its mass spectrum, and no 
standard is needed. Whereas LC-MS is a hyphenated prac-
tice, its fragmentation pattern could provide an idea of the 
structure of the compound with high selectivity and sen-
sitivity.45 Also, the isotope peaks show the availability of 
oxygen, bromine and chlorine peaks. 

These techniques are rapid and reliable for determining 
NTG and RPG as single or combined formulations with 
other drug substances or in the presence of their active 
metabolites. The LCMS determination extensively included 
lower amounts of biological samples46 to quantify NTG and 
RPG (Table 3 ). Additionally, fabric phase sorptive extrac-
tion (FPSE) enhanced the extraction process with a versatile 
and convenient practice that ensures lower LOQs, stream-
lining the method to a significant level. 

The NTG’s degradation products were confirmed with 
LCMS and characterized as 2-amino-3-phenylpropanoic 
acid, 2-(cyclohexanecarboxamido)-3-phenylpropanoic acid 
and 4-isopropyl-N-phenethylcyclohexanecarboxamide. 
They can be done in acid, base, hydrolysis, and oxidative 
conditions.47 The technique was also enhanced by applying 
a C18 gold column, reducing its runtime and boosting the 
method’s ability for excellent sample throughput. The hy-
drophilic interaction liquid chromatography combined 
mass spectrophotometry-based assay was developed and 
validated for 13 antihyperglycaemic drugs, including NTG 
and RPG,48 in human urine samples (Figure 6 ). The HILIC 
instrumentation applied high-quality solvents as a mobile, 
which enhanced the assay method’s sensitivity and claimed 
to be the first simultaneous quantitative determination of 
13 oral antihyperglycaemic drugs. The rapid method con-
firmed that no procedure was reported in any biological 
matrix for simultaneous quantification of NTG in a com-
bined form with metformin.49 The kinetic parameters were 
determined in solutions, and nine degradation products of 
RPG were identified50 that could be beneficial for further 
findings to count them as new related substances (RS) in 
the pharmacopoeial profile (Figure 7 ). The UPLC/MS 
method was quantified with a broader analysis range of 
500–4000 ng/mL with a 0.6 mL/min flow rate in plasma 
samples,51 including a fast and reproducible solution 
preparation technique to implement a simple protein pre-
cipitation method to study the bioequivalence, pharma-
cokinetic, therapeutic monitoring and bioavailability stud-
ies NTG, an antidiabetic drug agent. However, the parallel 
artificial liquid membrane extraction technique could be 
combined with UPLC electrospray ionization tandem mass 
spectrometry to estimate therapeutic RPG’s drug monitor-
ing in diabetic patients efficiently.52 The developed PALME 
technique offered a straightforward sample preparation 
protocol for direct extraction from human plasma. The An-
alytical Green Calculator (AGREE) tool scrutinised PALME’s 
welfare and ecological impact, and the outcome was an eco-
friendly assessment. All the results of the reported meth-
ods highlighted the advantage of the developed method in 
quantitating NTG and RPG from different sources in terms 
of sample throughput, reagents/solvent consumption, % re-
covery, selectivity and sensitivity. 

3. METHOD DEVELOPMENT, ADVANTAGES AND 
LIMITATIONS OF THE PROPOSED TECHNIQUES 

The drug development process begins with innovating a 
drug molecule with medicinal value in fighting, examining 
and curing diseases. It is necessary to characterize the syn-
thesized molecule to initiate preliminary safety and thera-
peutic effectiveness by analyzing them, which are required 
to discover drug applicants for further investigations. Phar-
maceutical development evidence requires scientific justi-
fication for formulation progress and a correct explanation 
of the dosage form. Regulatory assistance specifies limited 
information on the data constraints correlated with phar-
maceutical development. 
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Scheme 5. Instrumentation and figure of HPLC-MS.      

Scheme 6. Instrumentation and figure of UPLC-MS.      

However, additional, comprehensive data is accessible 
for the toxicological estimation of excipients, which are a 
significant portion in the solid dosage forms, which assist 
as diluents to permit the formulation with correctly sized 
coverings from unwanted organoleptic abilities of the drug 
substance. The most common excipients, such as lactose, 
sucrose, cellulose, magnesium stearate, talc, calcium phos-
phate, starch, etc, are used in pharmaceutical formulations. 
In specific cases, excipients do not intermingle chemically 
but could help drug molecule degradation. It is also crucial 
to understand their chemical stability, impurity identifica-
tion and quantification, which are beyond the recognised 
threshold vital to assess the impurities toxicity profiles to 
discriminate these from its active pharmaceutical ingredi-
ents (API) and pharmaceutical formulations. 

Spectrophotometry is the numerical measurement of a 
substance’s reflection or transmission assets against wave-
length, requiring minimal time and labour consumption. 
Due to its excellent precision, it enhanced its application 
in pharmaceuticals. However, the homogeneous solution 
necessary with optical density must not be low or high. 
Some components can dissolve only in nonpolar solvents 
and cannot be used in plastic cuvettes. Also, many com-
ponents with close characteristic wavelengths in a sample 
could possibly obstruct each other, and pH needs to be ver-
ified cautiously since coloured components are pH-depen-
dent. 

Meanwhile, the advanced liquid chromatography tech-
nique, which is liable to HPLC, likely helps separate mol-
ecules in a complex chemical and biological matrix. The 
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Table 3. Hyphenated techniques to determine NTG and RPG in pharmaceutical formulations and biological             
fluids.  

Stationary 
Phase 

Mobile Phase Flow 
rate 
(mL/
min) 

Linearity 
(ng/mL) 

Applications References 

ZIC-Chilic 
(150×2.1 
mm, 3 μm) 

Ammonium formate solution (10 mM) of pH = 
6.5 and acetonitrile = 10: 90, v/v 0.2 125–10000 

Human 
plasma 

46 

YMC-Triart 
Diol-HILIC 
column 
(50×3.0 
mm., 3 µm) 
with C18 
guard 
column 
(4×3.0 mm) 

Gradient elution of ammonium formate (1 
mM) of pH 5 and acetonitrile 

0.35 5–400 
Human 

urine 
48 

Hypersil 
Gold C18 

Gradient elution of ammonium formate (5 
mM) and acetonitrile 

0.5 0.01–200 
Human 
plasma 

49 

ZIC-Chilic 
(150×2.1 
mm, 3 μm) 

Ammonium formate solution (10 mM) of pH = 
6.5 and acetonitrile = 10: 90, v/v 0.2 6.25–500 

Human 
plasma 

46 

YMC-Triart 
Diol-HILIC 
column 
(50×3.0 
mm., 3 µm) 
with C18 
guard 
column 
(4×3.0 mm) 

Gradient elution of ammonium formate (1 
mM) of pH 5 and acetonitrile 

0.35 2–300 
Human 

urine 
48 

Gemini C18 
110A 
(100×2.0 
mm, 3 µm) 

Solvent A: 10mM ammonium formate (0.1%) 
and acetonitrile-water (1:99, v/v); Solvent B: 
10mM ammonium formate (0.1%) and 
acetonitrile-water (95:5, v/v) 

0.4 __ Tablets 50 

Acquity HSS 
Cyano 
(100x2.1 
mm, 1.8 μm) 

Gradient elution of water 0.1% formic acid) 
and acetonitrile (0.1% formic acid) 

0.6 500–4000 
Human 
plasma 

51 

C18 Eclipse-
Plus-RRHD 
(50 × 2.1 
mm, 1.8 μm) 

Water (0.1 % formic acid) and acetonitrile 
(0.1 % formic acid) = 62:38, v/v 

0.4 0.1–100 Tablet 52 

Figure 6. (a) Linearity range (b) Flow rate against reference no. to quantify NTG applying HPLC-MS.               
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Figure 7. (a) Linearity range (b) Flow rate against reference no. to quantify RPG applying HPLC-MS.               

specificity, accuracy and precision results are excellent. 
However, it also stated that these parameters are only at-
tainable when suitability tests are performed with a wide 
range. In HPLC, the detection is crucial to ensure all the 
components are detected. HPLC-UV detectors are widely 
used and can monitor a range of wavelengths simultane-
ously. Over a certain period, researchers mostly used UV 
absorbance with the reversed-phase mode whenever suit-
able. This offered reliability, sensitivity, repeatability, and 
analysis time but was restricted by column price, solvents, 
and column packing materials, ultimately affecting long-
term reproducibility. HPTLC is an advanced form of thin-
layer chromatography (TLC). Several amendments were 
made to the primary method of TLC to automate the dis-
crete steps to achieve the enhanced resolution and limit of 
detection. However, it required a large volume of expensive 
organics, stringent operation conditions, mainly dust-free 
environment and temperature control and highly skilled 
and trained people to run the system. It is also limited to 
plate length and is indirectly restricted to a specific length 
for component separation. The developed UPLC promotes 
advancement in three main areas: sensitivity, resolution, 
and speed. This technique could work with less than 2 µm 
fine particles. 

Consequently, it reduced the column length and ulti-
mately decreased solvent consumption and run time. How-
ever, increased column pressure minimises column life and 
is necessary for more maintenance. The separation tech-
nique’s coupling with another leads to the development of 
hyphenated techniques like LC-MS and UPLC-MS. The LC-
MS method is rapid analysis. Quantifying several analytes 
requires a short time and quickly determining parent drug 
and their metabolites. However, highly trained and skilled 
people must apply high-cost reagents, sample pretreatment 
before each analysis, and complex sample preparation. The 
UPLC-MS technique is robust, proficient in bioequivalence 
study, and straightforward for biological fluids with lower 
LOD and LOQ values. It needs sample derivatization and 
multi-reaction monitoring with high-cost equipment. 

These drugs are noteworthy and are one of the fastest-
growing products in the pharmaceutical industry due to 
their increasing demand. The spectrophotometers are sim-
ple to supervise and available everywhere due to their low 
cost. The biological fluids and trace analysis can be used for 
susceptible instruments like HPLC, HPTLC, and UPLC com-

bined with the mass spectrophotometer. Every technique 
has advantages and limitations (Table 4 ), which is also es-
sential to selecting the correct methods for particular sam-
ples, depending on the capacity and capability, but never 
compromising the valuable data directly related to the ef-
ficacy and safety of drug products and human health. The 
innovations of nanotechnology, artificial intelligence, and 
green analytical chemistry drastically improve the preci-
sion and productivity of pharmaceutical analysis to safe-
guard that drugs execute their expected intent. Various in-
strumental methods have been built over time for drug 
evaluation. Therefore, analytical instrumentation and tech-
niques are necessary for identifying and quantifying these 
drug impurities. Pharmaceutical manufacturing is con-
stantly changing, and there is a considerable attempt to 
translate new regulatory requirements into practice by im-
plementing new technologies. 

4. CONCLUSION 

The present review discussed the summary of the reported 
method as per the literature for estimating RPG and NTG, 
not only in bulk and pharmaceutical formulations but also 
in biological matrices. Analytical techniques such as UV-
Vis, HPLC, HPTLC, UPLC, HPLC/MS and UPLC/MS were 
employed to determine drugs for quality control samples. 
The main objective is to provide academicians, researchers, 
and scientists with appropriate information about glitinide 
agents. After studying each technique’s capabilities and 
limitations, people may understand the drug’s behaviour 
and easily enhance new technology that could benefit hu-
man health and provide a better, greener methodology. 
These drugs are critical due to their mounting demands in 
our daily lives, which is the crucial reason for manufactur-
ing more products in the pharmaceutical industry. HPLC 
and UV-Vis technology are low-cost, easy to handle, and 
available, boosting their application for pure and pharma-
ceutical dosage forms. The biological fluids and trace analy-
sis would go for susceptible instruments combined with 
a mass spectrophotometer. Therefore, the present review 
discusses various analytical methods and compares effi-
cacy when applied to NTG and RPG. Also, ideally, it pro-
vides insights into which strategies are most effective un-
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Table 4. Advantages and Limitations of the proposed techniques to quantify NTG and RPG.             

Techniques Advantages Limitations 

Spectrophotometry 

HPLC 

HPTLC 

UPLC 

HPLC-MS 

• Relatively simple to use 

• Accurate 

• Required a relatively small 

volume 

• Wide analysis range 

• Low cost 

• Less electric power con-

sumption 

• The other components with similar wavelengths in the sample can 

absorb light as the interset analyte, leading to interference that 

could affect the results. 

• Samples preparation with extraction or dilution added additional 

steps could be an error source. 

• It provides the compound’s total concentration without any struc-

tural or chemical data of the analyte. 

• It may not be sensitive enough to detect analyte’s very low concen-

trations, particularly in complex matrices. 

• Imperfect equipment designs due to stray light, detectors affected 

signal measurement and reduced sensitivity. 

• RPG and NTG are practically insoluble in water and primarily solu-

ble in methanol/organic solvents and acids, which could deviate 

from green analysis and possibly reduce the technique's efficacy. 

• Automated and fast tech-

nique 

• Excellent sensitivity and 

specificity 

• Identifying specific compo-

nents in a sample mixture 

• Wide range of flow rates 

• Gradient solvent system ap-

plied for specific analyses 

• Quick and precise quantita-

tive analysis 

• High resolution and re-

peatability 

• It has improved and innova-

tive separation efficacy and 

detection limits. 

• It required expensive organics that increased analysis costs. 

• Troubleshooting could be a problem when developing new meth-

ods. 

• Pump process consistency depends on sample cleanliness and mo-

bile phase degassing. 

• It is challenging to use coelution and adsorbed analytes. 

• It could have reproducibility challenges with column-to-column 

and batch-to-batch samples. 

• Higher electricity consumption 

• Necessary high-skilled analyst 

• Higher detection and sepa-

ration efficiency 

• Appropriate for matrix sam-

ple 

• Acceptable sensitivity 

• There are no requirements 

for sample clean-up 

• Efficacy with nanogram 

samples and quantified with 

higher efficiency. 

• Mobile phase filtration is 

not necessary. 

• It is a fragile and heavy-weight glass at a high cost. 

• Plate length is constrained for the separation. 

• Aluminium plate loses their shape at high temperatures, likely 

more than 120ºC. 

• It required rigorous operating conditions. 

• Inadequacy of standardization 

• Lack of reproducibility 

• Lack of sensitivity and poor precision. 

• It required a skilled analyst to run the system. 

• It showed higher sensitivity, 

selectivity and dynamic 

range. 

• It provides a speedy analysis 

to quantify parent drug and 

their products. 

• Less solvent consumption. 

• The method's efficacy offers 

a broad flow rate range, sig-

nificantly reducing analysis 

time. 

• Low particle size developed high pressure that reduced column 

life. 

• Regular maintenance is required. 

• High cost. 

• Necessary skilled and trained analyst. 

• Higher electric consumption 

• Silica-based particles have terrific mechanical strength but demon-

strated peak tailing with basic components at a limited pH range. 

Polymeric columns could help to overcome this problem, but they 

showed reduced efficacy and limited capability. 

• It is the most robust method 

with higher sensitivity and 

selectivity. 

• It required a smaller run 

time to quantify parent 

drugs and their metabolites. 

• A higher degree of automa-

tion. 

• Better reproducibility. 

• Complex sample preparation and procedure. 

• Analyte’s pretreatment before each analysis 

• Expensive reagent cost and chromatograph. 

• High maintenance cost. 

• Phosphate buffer is not friendly with LCMS but is regularly used in 

LC progress. 

• Higher electric consumption 

• Operating and data analysis requires a skilled and trained person. 
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Techniques Advantages Limitations 

UPLC-MS 

der specific conditions for determination and quantification 
in API, pharmaceutical tablets, and biological fluids. 
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• The method's efficacy is in 

quantifying drugs and their 

impurities with precise mol-

ecular weight and a wider 

range of samples. 

• Fast and accurate 

• Better detection level 

• Robust and sensitive 

• Competent bioequivalence 

study 

• Low LOD and LOQ value 

• Low noise and high sensitiv-

ity 

• Solvent consumption 

• Very little run time could be 

1 minute 

• Therapeutic drug monitor-

ing is the most reliable 

method for assessing drug 

safety and efficacy. 

• High equipment cost 

• Multi reaction monitoring 

• Higher electric consumption 

• Required sample derivatization 

• Higher electric consumption 

• Operating and data analysis requires a skilled and trained person. 
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