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High-Performance Thin Layer Chromatography (HPTLC) 

High-Performance Thin Layer Chromatography (HPTLC) 

Introduction 

• High-Performance Thin Layer Chromatography (HPTLC) is an advanced and automated form of 
traditional Thin Layer Chromatography (TLC). 

• It offers greater resolution, sensitivity, reproducibility, and speed, making it suitable for 
qualitative and quantitative analysis in pharmaceutical and biomedical research. 

• HPTLC is widely accepted by pharmacopeias (USP, IP, BP) and regulatory authorities for: 

o Identification of active pharmaceutical ingredients (APIs) 

o Estimation of impurities and degradation products 

o Quality control of herbal formulations 

• It is especially useful in multi-component analysis and routine quality control where high 
sample throughput is required. 

Theory of HPTLC 

• HPTLC is based on the same fundamental principle as TLC: 

o Partition and adsorption chromatography, where separation occurs due to differences 
in the affinities of components toward the stationary and mobile phases. 

• In HPTLC: 

o The stationary phase is a high-resolution, precoated layer of fine particle silica or 
alumina (5–10 µm) with a uniform and dense coating. 

o The mobile phase is a solvent or solvent mixture that moves via capillary action. 

o The components of a sample partition between the two phases and separate based on 
their polarity, solubility, and molecular interaction. 

• Because of its controlled environment and automation, HPTLC allows precise migration, well-
defined Rf values, and quantitative data output. 

Instrumentation of HPTLC 

The HPTLC system consists of modular, computer-controlled units, which offer high precision and 
reproducibility. 

1. Sample Applicator (Automatic Spotter) 

➢ Precisely applies the sample as narrow bands or spots using a micro-syringe or 
capillary system. 

➢ Ensures uniformity, which is critical for quantitative analysis. 

➢ Multiple samples can be spotted in parallel on the same plate. 
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2. Precoated HPTLC Plates 

➢ Glass, aluminum, or plastic-backed plates with a uniform layer of adsorbent (e.g., silica 
gel 60 F254). 

➢ Particle size: 5–10 µm → ensures high resolution. 

➢ Plate size: typically 10 × 10 cm or 20 × 10 cm. 

3. Development Chamber (Automated or Manual) 

➢ Saturated with mobile phase vapor before development. 

➢ Ensures uniform solvent migration. 

➢ Can use isocratic or gradient solvent systems. 

4. Densitometer/Scanner 

➢ Scans developed chromatograms at specific wavelengths (UV/Visible). 

➢ Measures peak area or height → directly proportional to concentration. 

➢ Enables quantification of separated drugs. 

5. Data Station / Software 

➢ Controls all modules: sample application, plate development, scanning. 

➢ Performs integration, calibration, and quantitative analysis. 

➢ Stores data for regulatory compliance and audit trails. 

6. Derivatization Apparatus (Optional) 

➢ Used to visualize colorless compounds via post-development chemical reactions. 

➢ Example: Ninhydrin for amino acids, Dragendorff’s reagent for alkaloids. 

Applications of HPTLC in Pharmaceutical Analysis 

A. Qualitative Analysis 

➢ Identification of drugs by comparing Rf and spectra with standards. 

➢ Example: Detecting aspirin in combined pain-relief tablets. 

B. Quantitative Analysis 

➢ Measures concentration of drug substances or impurities using peak area/height. 

➢ Suitable for bulk drug analysis, formulations, and dissolution testing. 

C. Impurity Profiling 

➢ Detects related substances, residual solvents, and degradation products. 

➢ Stability-indicating method for routine testing. 

➢ Example: Monitoring photodegradation of nifedipine under UV exposure. 
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D. Drug-Excipient Compatibility 

➢ Can determine if excipients affect the stability or recovery of drugs. 

➢ Example: Separation of ibuprofen from lactose, magnesium stearate, and talc. 

E. Herbal Drug Standardization 

➢ Simultaneous identification and quantification of multiple phytoconstituents. 

➢ Fingerprinting helps in authenticity, purity, and quality control. 

➢ Example: Quantification of curcumin in turmeric extract. 

F. Dissolution and Content Uniformity Testing 

➢ Used in tablets and capsules to confirm uniform distribution of the drug. 

➢ Validates consistency in manufacturing. 

G. Bioanalytical Applications 

➢ Though not as sensitive as LC-MS or HPLC, HPTLC can analyze biological fluids for 
drugs and metabolites. 

➢ Example: Screening urine samples for paracetamol or caffeine. 

H. Cost-effective Screening Tool 

➢ Ideal for screening counterfeit or substandard drugs, especially in low-resource 
settings. 

➢ Can test multiple samples simultaneously, making it efficient for QC labs. 
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