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Clavulanic acid is an important β-lactamase inhibitor commonly used with antibiotics 

to improve their effectiveness against bacterial infections. However, the drug is highly 

unstable and easily degrades when exposed to heat, light, moisture, and different pH 

conditions. Because of this instability, there is a need for a simple and rapid method to 

monitor its stability during pharmaceutical analysis. The present study focuses on the 

development of a paper-based microfluidic analytical device (µPAD) for the stability-

indicating detection of Clavulanic acid.The µPAD was fabricated using filter paper and 

designed to allow easy movement of small sample volumes through microchannels. A 

simple colorimetric/UV-based detection method was used to identify the presence of 

intact and degraded Clavulanic acid. Stability studies were performed under acidic, 

alkaline, oxidative, thermal, and photolytic conditions. The developed device showed 

clear changes in color intensity and absorbance at 230 nm, indicating drug degradation 

under stress conditions. The method demonstrated rapid analysis, low sample 

consumption, good sensitivity, and reproducible results.Overall, the developed µPAD 

proved to be a simple, economical, portable, and user-friendly platform for the stability 

analysis of Clavulanic acid. The study suggests that paper-based microfluidic devices 

can serve as promising alternatives to conventional analytical techniques for routine 

pharmaceutical quality control and point-of-care applications. 
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INTRODUCTION 

Clavulanic acid is a β-lactamase inhibitor 

commonly administered in combination with 

antibiotics such as Amoxicillin to overcome 

bacterial resistance.[1,2] However, clavulanic acid 

is chemically unstable and undergoes rapid 

degradation when exposed to environmental 

factors such as temperature, pH, and light.[1,2,3] 

This instability necessitates the development of 

reliable stability-indicating analytical methods to 

ensure drug efficacy and safety.[1,4] 

https://www.ijpsjournal.com/
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Traditional analytical techniques such as High 

Performance Liquid Chromatography and UV-

Visible Spectroscopy are widely used for detection 

and stability assessment.[3,4] These methods 

provide high sensitivity and specificity but are 

limited by their dependence on sophisticated 

instrumentation, high operational cost, and 

requirement for skilled personnel, making them 

less suitable for rapid and on-site analysis.[5,6] 

In recent years, Microfluidics has revolutionized 

analytical science by enabling miniaturized and 

portable diagnostic systems.[5,7] Among these, 

paper-based microfluidic analytical devices 

(µPADs) have emerged as a promising platform 

due to their low cost, ease of fabrication, 

portability, and ability to perform rapid analysis 

using capillary-driven flow without external 

equipment.[6,8] These features make µPADs 

highly suitable for point-of-care and field-based 

applications. [6,9] 

Recent studies highlight that µPADs provide an 

effective alternative to conventional analytical 

methods by offering rapid, cost-effective, and 

portable detection systems. These devices have 

been successfully applied in medical diagnostics, 

environmental monitoring, and pharmaceutical 

analysis, and are considered highly promising for 

decentralized testing. 

Despite these advancements, the application of 

µPADs for stability-indicating detection of 

pharmaceutical compounds, particularly 

clavulanic acid, remains limited.[6,10] Therefore, 

the development of a paper-based microfluidic 

device for detecting the degradation of clavulanic 

acid represents a novel and practical 

approach.[10,11] Such a system can provide a 

simple, visual, and rapid method for monitoring 

drug stability, especially in resource-limited 

laboratory settings.[6,9] 

Theory of UV Spectroscopy 

Ultraviolet (UV) spectroscopy is an analytical 

technique used to measure the absorption of 

ultraviolet light by a substance.[4,7] It is mainly 

used for the qualitative and quantitative analysis of 

compounds containing chromophores such as 

double bonds, aromatic rings, and conjugated 

systems. 

The UV region lies between 200–400 nm of the 

electromagnetic spectrum. 

Far UV region: 10–200 nm 

Near UV region: 200–400 nm 

Most pharmaceutical and chemical analyses are 

performed in the 200–400 nm range. 

Principle of UV Spectroscopy 

UV spectroscopy is based on the principle that 

molecules absorb ultraviolet radiation and undergo 

electronic transitions from lower energy levels to 

higher energy levels. 

When UV light passes through a sample: 

• Certain wavelengths are absorbed by the 

molecule. 

• Electrons get excited from the ground state to 

an excited state. 

• The amount of absorbed light is measured. 

• The absorbed wavelength depends on the 

structure of the molecule. 

Main components of a UV spectrophotometer: 

1. Light Source 

2. Deuterium lamp (UV region) 

3. Monochromator 

4. Separates light into individual wavelengths. 

5. Sample Holder (Cuvette) 

6. Usually quartz cuvette is used for UV 

analysis. 

7. Detector 

8. Detects transmitted light. 

9. Recorder/Display 

10. Displays absorbance or spectrum. 

Working of UV Spectrophotometer 
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UV light is produced from the source. 

Monochromator selects a specific wavelength. 

Light passes through the sample solution. 

Sample absorbs some radiation. 

Remaining light reaches detector. 

Absorbance is measured and spectrum is 

obtained.[4] 

Clavulanic Acid 

 
Fig. No 1 

❖ General Information 

Name: Clavulanic Acid 

IUPAC Name: (2R,5R,Z)-3-(2-

hydroxyethylidene)-7-oxo-4-oxa-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 

Molecular Formula: C₈H₉NO₅ 
Molecular Weight: 199.16 g/mol 

Class: β-lactam compound (β-lactamase inhibitor) 

❖ Chemical Structure & Features 

Contains a β-lactam ring, essential for its activity 

Lacks strong antibacterial activity alone 

Structurally similar to penicillins, but functions 

mainly as an enzyme inhibitor 

Possesses an oxazolidine ring fused to β-lactam 

ring 

❖ Physicochemical Properties 

Appearance: White to off-white crystalline 

powder 

Solubility: Freely soluble in water, slightly soluble 

in alcohol 

pKa: ~2.7 

Melting Point: ~174–177°C (decomposes) 

❖ Stability Profile 

Degraded by: 

Heat 

Acidic & alkaline pH 

Oxidation 

Forms degradation products affecting assay 

accuracy.[1,2] 

Drug Profile 

Name: Clavulanic Acid 

 
Fig. No 2 

IUPAC Name: (2R,5R,Z)-3-(2-

hydroxyethylidene)-7-oxo-4-oxa-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 

Generic Name: Clavulanic Acid 

Category: Beta-lactamase inhibitor 

Molecular Formula: C₈H₉NO₅ 
Molecular Weight: 199.16 g/mol 

Nature: Beta-lactam compound 

Pharmacological Class 

Beta-lactamase inhibitor 

Antibacterial adjuvant 

Mechanism of Action 

Inhibits beta-lactamase enzymes 

Protects penicillin antibiotics 

Enhances antibacterial activity 

Common Combination :Amoxicillin-

Clavulanate 

Storage 

Store in cool, dry place. 

Protect from light & moisture. 

Materials And Equipment 



Shruti Dhayarkar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 2632-2642 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2635 | P a g e  

1. Chemicals & Reagents 

Clavulanic acid reference standard: 

 
Fig. No 3 

Used as a benchmark to calibrate and validate the 

analytical method. 

Potassium clavulanate (commercial formulation): 

Serves as the test sample for real-world analysis 

and comparison. 

Sodium hydroxide (NaOH): 

 
Fig. No 4 

Induces alkaline degradation to study stability 

behavior. 

Hydrochloric acid (HCl): 

 
Fig. No 5 

Causes acid degradation for stability-indicating 

analysis. 

Hydrogen peroxide (H₂O₂): 

 
Fig. No 6 

Produces oxidative degradation to evaluate drug 

susceptibility to oxidation. 

Distilled/deionized water: 

 
Fig. No 7 

Acts as a solvent for preparing all solutions and 

reagents. 

Hydroxylamine hydrochloride: 

Reacts with β-lactam ring to form detectable 

derivatives for analysis. 

Ferric chloride (FeCl₃): 
Produces a colored complex for colorimetric 

detection of degraded products. 

2. Materials for µPAD Fabrication 

Whatman filter paper (Grade 1): 
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Fig. No 8 

Serves as the substrate for fluid flow and reaction 

zones in µPAD. 

White Soft Paraffin Wax: 

Creates hydrophobic barriers to define 

microfluidic channels. 

Hot plate or oven: 

Melts wax to penetrate paper and form stable 

channel boundaries. 

Cutter/laser cutter/scissors: 

Used to shape and size the paper device accurately. 

3. Instruments & Equipment 

Micropipettes: 

Deliver precise volumes of samples and reagents 

onto the µPAD. 

UV-visible spectrophotometer: 

 
Fig. No 9 

Validates colorimetric results by measuring 

absorbance quantitatively. 

Smartphone camera: 

Captures images of color changes for portable and 

low-cost analysis. 

Incubator: 

Maintains controlled temperature conditions for 

stability and degradation studies. 

Experimental Work 

1. Preparation of Standard Solution 

An accurately weighed quantity of clavulanic acid 

was dissolved in distilled water to prepare a stock 

solution (100 µg/mL). 

Further serial dilutions (10–50 µg/mL) were 

prepared for UV spectroscopic analysis and 

comparison. 

       

        
Fig. No 10                                                                   Fig. No 11 

2. Forced Degradation Studies 

Forced degradation studies were carried out to 

evaluate the instability of clavulanic acid under 

different stress conditions: 

Thermal degradation: Sample solution was heated 

at 60°C for 1–2 hours. 

Acidic degradation: Drug solution was treated 

with 0.1 N HCl and kept for a specific time. 

Alkaline degradation: Drug solution was treated 

with 0.1 N NaOH. 

Photolytic degradation: Samples were exposed to 

UV light. 
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After treatment, samples were neutralized (if 

required) and diluted appropriately. 

 
Fig. No 12 

3. UV Spectrophotometric Analysis 

The absorbance of both standard and degraded 

samples was measured using a UV 

spectrophotometer at the λmax of clavulanic acid. 
Decrease in absorbance indicated degradation of 

the drug. 

These results were used as a reference standard for 

comparison with the paper-based method. 

4. Fabrication of Paper-Based Microfluidic 

Device (µPAD) 

The µPAD was fabricated using Whatman filter 

paper and wax printing technique: 

Hydrophobic barriers were created using wax to 

form microfluidic channels. 

The paper was heated to allow wax penetration, 

forming defined test zones. 

The device was allowed to cool and stored under 

dry conditions until use. 

 
Fig. No 13 

5. Colorimetric Detection Method 

A suitable color-forming reagent was selected 

based on its ability to react with clavulanic acid or 

its degradation products. 

A fixed volume of reagent was added to the test 

zone of the µPAD. 

The sample (standard or degraded) was then 

applied. 

The reaction was allowed to proceed at room 

temperature. 

 
Fig. No 14 

6. Observation and Interpretation 

Color development on the paper device was 

observed visually: 

Stable drug: Produced a specific characteristic 

color 

Degraded drug: Produced a different or reduced 

color intensity 

The results were compared with UV 

spectrophotometric data to validate the method. 

7. Comparison and Validation 

The µPAD results were correlated with UV 

analysis to evaluate: 

• Accuracy 

• Reliability 

• Sensitivity of detection 

This confirmed the ability of the paper-based 

device to act as a stability-indicating method. 
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RESULT 

The present study successfully developed a 

simple, economical, and rapid paper-based 

microfluidic analytical device (µPAD) for the 

stability analysis of Clavulanic acid. The 

developed µPAD demonstrated effective detection 

of both intact and degraded drug samples through 

colorimetric analysis and UV spectroscopic 

correlation. 

Initially, the standard solution of Clavulanic acid 

was prepared using distilled water and analyzed by 

UV spectroscopy. During spectral scanning, the 

maximum absorbance (λmax) of Clavulanic acid 
was observed at approximately 277 nm. Different 

concentrations ranging from 10–50 µg/mL showed 

a gradual increase in absorbance with increasing 

concentration, indicating good linearity and 

sensitivity of the analytical method. 

The absorbance values obtained were as follows: 

 
Fig. No 15 

The stock solution of 100 µg/mL showed an 

absorbance of 0.58 at 277 nm, confirming proper 

detection of the drug and suitability of the UV 

method for further stability studies. 

Fig. No 16 

Forced degradation studies were then carried out 

under various stress conditions such as thermal 

degradation, acidic degradation using HCl, 

alkaline degradation using NaOH, and photolytic 

degradation under UV/light exposure. A 

significant decrease in absorbance was observed in 
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degraded samples compared to the standard 

solution, confirming degradation of Clavulanic 

acid. Among the stress conditions, acidic and 

alkaline degradation showed greater changes due 

to the instability of the beta-lactam ring present in 

Clavulanic acid. 

The degraded sample of Clavulanic acid showed a 

noticeable decrease in absorbance at 230 nm, 

confirming that the drug underwent degradation 

when exposed to stress conditions like acidic, 

alkaline, thermal exposure.  

            

 
Fig. No 17

The µPAD was successfully fabricated using the 

wax-printing method on filter paper, which formed 

effective hydrophobic barriers and microfluidic 

channels for sample movement. Upon addition of 

the colorimetric reagent and drug sample onto the 

detection zone, the intact drug produced a distinct 

color intensity, whereas degraded samples showed 

reduced or altered color formation. 

The color changes observed on the µPAD 

correlated well with the absorbance values 

obtained by UV spectroscopy, indicating that the 

paper-based device can effectively differentiate 

between stable and degraded drug samples. 

 
Fig. No 18 

The developed µPAD method offers several 

advantages, including low cost, ease of 

fabrication, rapid analysis, portability, and 

minimal reagent consumption. The device also 

requires simple instrumentation, making it suitable 

for preliminary stability testing and 

pharmaceutical quality control applications. 

Overall, the study demonstrated that the developed 

µPAD is a promising and reliable platform for 

rapid stability analysis of Clavulanic acid. The 

method has potential for future application in low-
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resource laboratories, point-of-care testing, and 

routine pharmaceutical analysis. 

DISCUSSION 

The present study successfully developed a paper-

based microfluidic device (µPAD) for the 

stability-indicating detection of Clavulanic acid. 

The device proved to be a simple, low-cost, rapid, 

and portable alternative to conventional analytical 

methods like HPLC and UV spectroscopy. Since 

Clavulanic acid is highly unstable and easily 

degraded by heat, moisture, light, and pH changes, 

the developed µPAD effectively helped in 

monitoring its stability through visible color 

changes. 

The study showed that the device worked 

efficiently using capillary action without requiring 

electricity or complex instruments. Advantages 

such as low reagent consumption, quick analysis, 

eco-friendliness, and easy handling make the 

system suitable for pharmaceutical quality control 

and resource-limited settings. Although some 

limitations like humidity effects and lower 

precision compared to advanced instruments were 

observed, the research demonstrated strong 

potential for future development of portable and 

user-friendly pharmaceutical analytical devices. 

CONCLUSION 

The present research successfully developed a 

simple and innovative paper-based microfluidic 

analytical device (µPAD) for the stability analysis 

of Clavulanic acid. The developed method was 

found to be rapid, cost-effective, easy to perform, 

and suitable for identifying both stable and 

degraded drug samples. 

UV spectroscopic studies confirmed the 

absorbance characteristics of Clavulanic acid, 

while forced degradation studies showed that the 

drug is highly sensitive to conditions such as acid, 

alkali, heat, and light exposure. Degraded samples 

showed a noticeable decrease in absorbance along 

with changes in color intensity, confirming drug 

degradation. 

The fabricated µPAD successfully produced 

visible colorimetric responses and showed good 

agreement with the UV spectroscopy results. The 

method required only a small amount of sample 

and reagents, making it convenient and 

economical for routine analysis. 

Overall, the developed µPAD can be considered a 

promising platform for rapid stability testing of 

Clavulanic acid. Because of its portability, 

simplicity, and low-cost nature, the method may 

be useful in pharmaceutical quality control 

laboratories, preliminary screening studies, and 

resource-limited settings. 
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