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Abstract.  Quantitative analysis of pharmaceutical solutions is a cornerstone of drug

development, quality control, and regulatory compliance. The reliable measurement

of active pharmaceutical ingredients (APIs) in liquid dosage forms ensures therapeutic

efficacy, patient safety, and product consistency.  This review presents an in-depth

exploration of classical and modern analytical techniques used for the quantitative

determination of drugs in solutions. It also outlines systematic approaches to method

development,  discusses  critical  validation  parameters,  and  evaluates  recent

technological  advancements,  including  green chemistry  and AI-assisted  platforms.

The goal is to highlight the evolving landscape of analytical method development for

pharmaceutical  solutions  and  propose  best  practices  for  method  optimization  and

standardization. 
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       Introduction. Pharmaceutical solutions represent a critical segment of dosage

forms due to  their  rapid bioavailability,  ease of  administration,  and suitability  for

patients  with swallowing difficulties.  These include  injectables,  ophthalmic  drops,

oral syrups, and intravenous infusions. Unlike solid dosage forms, solutions present

fewer  challenges  in  uniformity  but  are  more  sensitive  to  degradation  and

contamination. Therefore, precise and validated analytical methods are essential for

monitoring  the  concentration  of  APIs  and  ensuring  product  quality  throughout

manufacturing and shelf life.

      Analytical  method development  is  not  only  a  regulatory  requirement  but  a

scientific discipline that involves the integration of chemistry, instrumentation, and
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quality  control.  The  choice  of  analytical  technique  depends  on  the  drug’s

physicochemical characteristics, the matrix complexity, and the required sensitivity

      Classical analytical methods, such as titrimetry and gravimetry, have long been

foundational  in  pharmaceutical  analysis  due  to  their  simplicity,  affordability,  and

minimal  instrumentation  requirements.  Titrimetric  methods,  including  acid-base,

redox, and complexometric titrations, are particularly effective for single-component

systems with well-defined reactive groups. However, these techniques suffer from

several limitations: they lack the sensitivity and specificity needed for trace-level or

multi-component  analysis,  are  often  affected  by  the  presence  of  interfering

excipients,  and  typically  require  manual  endpoint  detection,  which  introduces

subjectivity  and  reduces  reproducibility.  Consequently,  while  classical  methods

remain  useful  for  routine assays  and  educational  purposes,  they  are  increasingly

being  replaced  by  more  advanced  instrumental  techniques  in  modern

pharmaceutical laboratories.

       Modern analytical methods have revolutionized pharmaceutical analysis  by

offering enhanced sensitivity, selectivity, and automation capabilities, making them

indispensable  in  quality  control,  stability  testing,  and  regulatory  compliance.
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Techniques  such  as  High-Performance  Liquid  Chromatography  (HPLC),  Liquid

Chromatography–Mass Spectrometry (LC-MS/MS), Capillary Electrophoresis (CE), and

advanced spectroscopic methods like Fourier-transform infrared (FTIR) and Nuclear

Magnetic  Resonance  (NMR)  spectroscopy  allow  for  precise  quantification  and

identification of drug substances even in complex matrices. These methods support

trace-level  detection, high-throughput screening,  and robust  separation of closely

related compounds. Furthermore, innovations such as hyphenated techniques (e.g.,

HPLC-MS), green analytical chemistry (which reduces solvent and waste usage), and

artificial  intelligence-assisted  optimization  are  streamlining  method  development

and  validation.  Despite  requiring  sophisticated  equipment  and  expertise,  these

modern approaches are critical for ensuring the efficacy, safety, and compliance of

pharmaceutical products in line with international standards.

      The strategy for analytical method development begins with clearly defining the

objective—whether  it  is  for  assay,  content  uniformity,  or  dissolution  testing—

followed by a thorough understanding of the analyte’s physicochemical properties

such  as  pKa,  solubility,  and  UV  absorbance.  Analyzing  the  sample  matrix  helps

identify potential  interferences that may affect  accuracy. Based on this,  the most

appropriate method is  selected from titrimetry,  spectroscopy,  chromatography,  or

electrochemical techniques, taking into account the availability of instruments and

laboratory  capabilities.  The  choice  of  solvent  system is  crucial  to  ensure  analyte

stability and compatibility. Standardized procedures for sample preparation, such as

filtration,  dilution,  or  derivatization,  must  be  developed alongside  selecting  high-

purity reagents and certified reference standards. If UV-Vis spectroscopy is used, an

optimal detection wavelength should be identified, while HPLC methods require fine-

tuning  of  mobile  phase  composition,  column  type,  flow  rate,  and  temperature.
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Calibration  curves  are  constructed  over  a  suitable  concentration  range  to  assess

linearity. Precision is evaluated through intra-day and inter-day reproducibility, while

accuracy  is  tested  via  recovery  studies.  Specificity  ensures  that  the  method  can

differentiate  the  analyte  from  excipients  and  degradants.  Detection  and

quantification  limits  are  established  using  standard  deviation  or  signal-to-noise

ratios.  Robustness  is  checked  by  varying  method  parameters  slightly  to  ensure

stability,  and  system  suitability  testing  confirms  instrument  performance  through

metrics  like  resolution  and  peak  symmetry.  To  guarantee  broader  applicability,

method  transferability  is  tested  across  analysts  and  labs.  Finally,  detailed

documentation, including SOPs and validation protocols, is compiled to comply with

regulatory standards such as ICH Q2(R1), USP, and Ph. Eur., ensuring the method is

reliable, reproducible, and compliant for routine pharmaceutical use. 

       Conclusion.  The development of analytical methods for quantifying drugs in

solutions  remains  a  fundamental  aspect  of  pharmaceutical  analysis.  A  successful

method  must  be  scientifically  justified,  rigorously  validated,  and  aligned  with
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international regulatory standards. The incorporation of modern technologies and

sustainable  practices  continues  to  enhance  the  efficiency,  reliability,  and

environmental compatibility of pharmaceutical analysis.

References. 

1. Raman et al. (2011) – Development and validation of pharmaceutical analytical methods. J.
Anal. Bioanal. Tech., 2(5), 1–8.

2. Narajji et al. (2011) – Simultaneous estimation of aceclofenac, paracetamol, and tizanidine 
by UV and RP-HPLC. J. Anal. Bioanal. Tech., 2(4).

3. Kadam et al. (2015) – Review on method development and validation. J. Drug Deliv. Ther.,
5(3), 20–26.

4. Blessy et al. (2014) – Forced degradation and stability-indicating studies. J. Pharm. Anal., 
4(3), 159–165.

5. Sahu & Ramisetti (2015) – Concise review on analytical method validation. J. ChemTech 
Res., 7(1), 1–9.

6. Patel & Patel (2020) – Method development for pharmaceutical dosage forms. World J. 
Pharm. Pharm. Sci., 9(2), 558–567.

7. Narkhede & Narkhede (2016) – Advances in HPLC techniques. Asian J. Pharm. Clin. Res.,
9(2), 19–26.

________________________________________________________________

"Экономика и социум" №5(132) 2025                                      www.iupr.ru


