
 

International Journal of Engineering, 

Science and Humanities 
An international peer reviewed, refereed, open-access journal 

Impact Factor: 6.5   www.ijesh.com   ISSN: 2250-3552 

 

Volume 09 Issue 03 (July-September 2019)                                                                              28 

 

Formulation and Evaluation of Transdermal Drug Delivery Systems of 

Labetalol Hydrochloride 
 

Agastya Rao 

Research Scholar, Sacred Heart College, Thevara (Kochi) 
 

ABSTRACT: 

Transdermal drug delivery systems (TDDS) represent an advanced, non-invasive approach to 

systemic drug administration. This research focuses on the formulation and evaluation of TDDS 

containing Labetalol Hydrochloride, a drug used for managing hypertension and cardiovascular 

disorders. The study reviews the structural complexity of the skin and its role as a drug delivery 

barrier, examines key literature on TDDS development and highlights innovations such as 

microneedles and novel polymers. Materials and methods include solubility studies, partition 

coefficient evaluation, differential scanning calorimetry and penetration enhancer screening. 

Results show that DMSO was the most effective enhancer, increasing permeability by 

approximately 17%. Elevated drug concentration and enhancer levels correlated with higher 

permeation rates. These findings underscore the potential of optimized TDDS to improve 

therapeutic efficacy and patient compliance. 
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1 INTRODUCTION: 

For thousands of years, human societies have utilized substances applied to the skin for both 

cosmetic and medicinal benefits. Yet, it was not until the twentieth century that the potential of the 

skin as an effective channel for drug administration was recognized. The term "transdermal" is a 

relatively recent addition to medical and pharmaceutical terminology, first documented by Marian 

Webster in 1944 (Ellen et al., 2011). TDDS, commonly referred to as transdermal patches, are 

defined as flexible, multilayered pharmaceutical preparations of varying sizes that contain one or 

more drug substances. These patches are designed to be applied to intact skin, allowing for 

systemic drug absorption to maintain consistent plasma levels. They typically incorporate 

pressure-sensitive adhesives to ensure proper adhesion to the skin (European Medicines Agency, 

2012). 

While only a limited number of transdermal patches are currently available on the commercial 

market, the past two decades have witnessed significant growth in academic and industrial research 

focused on transdermal drug delivery. Although the applicability of this delivery route is still 

constrained by the availability of suitable drug candidates, it continues to attract significant interest 

and attention worldwide. To consolidate these advancements, an extensive review of existing 

literature has been conducted and synthesized. The potential of using the skin as a route for drug 
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administration has been recognized for many years, with examples like medicated plasters 

originating in China and Japan. This early practice likely sparked interest in exploring the skin as 

a gateway for delivering drugs systemically. 

In comparison to oral dosage forms, transdermal drug delivery offers the advantage of maintaining 

a consistent drug concentration in the bloodstream throughout its application duration. This 

method helps bypass the hepatic first-pass metabolism and enhances patient compliance (Chien et 

al., 1987). The majority of transdermal systems are designed to provide a continuous and uniform 

release of active substances, a characteristic often referred to as a zero-order rate. This controlled 

and consistent drug delivery occurs over a duration ranging from several hours to several days 

after the application of the system to the skin. This property holds particular advantages in the 

context of preventive healthcare and the management of chronic conditions such as hypertension, 

hyperglycemia and various cardiovascular ailments. In such scenarios, patients would otherwise 

need to depend on conventional oral medications, necessitating multiple daily doses to maintain 

therapeutic drug levels. The skin is the largest organ of the human body, playing an essential role 

as a protective barrier between the internal organs and the external environment. It shields against 

physical, chemical and biological aggressors while helping regulate temperature and maintain fluid 

balance. It is a complex organ with several layers and structures that perform various functions, 

including protection, temperature regulation, sensation and the synthesis of vitamin D.  

2 COMPOSITION OF SKIN: 

Our body's largest organ, the skin, is an incredibly intricate and adaptable structure that serves as 

a vital protective barrier and plays a pivotal role in regulating numerous physiological processes. 

Consisting of three primary layers, namely the epidermis, dermis and subcutaneous tissue, the skin 

provides a multifaceted range of functions. At its outermost layer, the epidermis serves as a strong 

defense barrier, protecting against external hazards such as UV radiation, pathogens and 

chemicals. Within the epidermis, melanocytes are responsible for producing melanin, the pigment 

that determines skin color, while the stratum corneum, which is the top layer, consists of 

continually shedding and replenishing dead skin cells. Additionally, Langerhans cells in this layer 

play a role in immune defense. 

Directly beneath the epidermis, the dermis provides structural support. It boasts collagen and 

elastin fibers, ensuring the skin's elasticity and resilience. The dermis hosts sensory receptors for 

touch, pressure, temperature and pain perception and houses vital structures like blood vessels, 

hair follicles and sweat glands. Deeper still, the subcutaneous tissue, or hypodermis, comprises 

adipocytes (fat cells) that serve as an insulating layer, regulating body temperature. This layer also 

cushions and shields underlying structures like muscles and bones and stores energy in the form 

of fat. Within this intricate skin structure, various appendages and structures further contribute to 

skin's functionality. Hair, rooted in the dermis, provides insulation and sensory functions, sweat 
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glands help regulate body temperature and excrete waste products and sebaceous glands secrete 

sebum to moisturize the skin and hair. Nails, specialized keratinized structures, protect fingertips 

and enhance touch sensitivity. Comprehending the skin's composition is pivotal in both medical 

and cosmetic contexts. It informs treatments and interventions aimed at maintaining skin health, 

addressing skin conditions and enhancing overall well-being. This remarkable organ, with its 

intricate structure and diverse functions, underscores its significance as a vital component of the 

human body. 

3 REVIEW OF LITERATURE: 

Over the last few years there has been growing research in the field of transdermal drug delivery, 

owing to its ability to provide enhancement of bioavailability and sustained release therapy, 

convenience to patients and low Pharmacoeconomics. The transdermal research has shown 

tremendous scope for drug like hormones, pain killers and cardio vascular system (CVS) drugs. 

This technology of delivering the drug through skin for 1-4 days has increased the safety and 

convenience for patients and physicians. The transdermal drug delivery system has experienced a 

healthy worldwide growth of 10% (US $ 2.2 billion) of the overall market growth of drug delivery 

systems which is nearly US $ 2.8 billion (Prausnitz.1999).  Patel, A. V., & Shah, B. N, 2018 A 

transdermal drug delivery system (TDDS) is a non-invasive method of administering medications 

through the skin for systemic effects. This drug delivery approach offers several advantages, 

including sustained drug release, reduced side effects and improved patient compliance. TDDS 

typically consists of a drug-containing patch or device that adheres to the skin's surface. The skin 

serves as a barrier and the drug must pass through its various layers to reach the bloodstream. This 

controlled and sustained release mechanism is ideal for drugs that require continuous dosing, such 

as pain management medications, hormonal therapies and nicotine replacement therapy. The 

design and formulation of TDDS are critical, considering factors like drug properties, skin 

permeability and adhesive technology. As a non-invasive option, TDDS reduces the risks 

associated with injections or oral medications. However, challenges remain, such as the limited 

range of drugs suitable for transdermal delivery and the need for optimal skin adhesion and 

permeation enhancers. Continuous research and development in this field aim to expand the scope 

of transdermal drug delivery, making it an increasingly viable and patient-friendly option for a 

wide range of therapeutic applications. 

Jeong, W. Y. et al 2021 TDDS have witnessed significant advancements in recent years, 

revolutionizing the field of drug delivery. This comprehensive review explores the latest 

developments in TDDS, highlighting their potential impact on healthcare and patient outcomes. 

One notable advancement is the use of innovative materials for TDDS design. Researchers have 

explored novel polymers and nanomaterials to improve drug loading capacity, release kinetics and 

skin permeation. These materials offer greater flexibility in tailoring TDDS for various drugs and 
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therapeutic applications. Incorporation of microneedles into TDDS has emerged as a 

groundbreaking approach. Microneedle patches create micropores in the skin, enhancing drug 

permeation while minimizing pain and discomfort. This technology has expanded the range of 

drugs amenable to transdermal delivery, including large molecules and vaccines. The development 

of "smart" TDDS equipped with sensors and feedback mechanisms represents another 

breakthrough. These systems can monitor drug release, skin conditions and patient responses, 

allowing for personalized and adaptive drug delivery regimens. Sebbagh, 2022 Recent advances 

in polymeric TDDS have ushered in a transformative era in the field of pharmaceuticals and drug 

administration. These innovations harness the potential of specialized polymeric materials and 

cutting-edge technologies to optimize the delivery of therapeutic substances through the skin. 

Nanotechnology, with its nano-sized drug carriers like polymeric nanoparticles and liposomes, has 

unlocked new possibilities by improving drug solubility and skin penetration, leading to more 

efficient and targeted delivery. Hydrogels have evolved to become versatile platforms for 

transdermal drug delivery, enabling controlled release and accommodating a broad spectrum of 

drugs, including peptides and proteins. The advent of microneedle arrays, composed of polymers, 

has introduced a minimally invasive approach, offering painless skin penetration and opening 

avenues for the delivery of vaccines and large-molecule drugs. 

4 MATERIALS AND METHODS 

4.1 MATERIALS 

4.2 ANIMALS 

Conditions: - 12 Hours light / dark cycle at 25 ± 2°C.  

Nourishment: - pellet diet (Lipton, India) and water ad libitum.  

Approval: -The animals were received after the study was duly approved by the University 

Animal Ethics Committee. 

4.3 PREFORMULATION 

4.3.1 Melting Point 

The melting point of Labetalol HCL was determined using MR-VIS visual melting range apparatus 

(Lab india Analytical Instruments Pvt., Ltd., India) by the capillary method.  

4.3.2 Solubility study   

To assess the solubility of Labetalol HCL in various solvents, a method was employed wherein 

saturated solutions of Labetalol HCL were prepared. This was achieved by introducing an excess 

quantity of the drug into 10 ml of the respective solvents. Subsequently, these saturated solutions 

underwent sonication within a temperature-controlled water bath for a duration of 6 hours, 

maintaining a constant temperature of 25±0.5°C. At the end of the designated time period, the 

saturated solutions were subjected to filtration through a 0.45 µm Whatman nylon membrane filter. 

To determine the drug's concentration within the solvents, appropriate dilutions were made and 
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the samples were subjected to analysis using reversed-phase high-performance liquid 

chromatography (RP-HPLC). This analytical technique was repeated three times (n=3)” for each 

sample to ensure accuracy and reproducibility. The solubility of Labetalol HCL in different 

solvents was investigated by preparing saturated solutions, followed by rigorous filtration and 

subsequent analysis using RP-HPLC to quantify the drug concentration. This method allows for a 

comprehensive understanding of the drug's solubility characteristics in various solvent 

environments. 

4.4 Partition coefficient (PC)   

The partition coefficient (PC) is a vital parameter in chemistry and pharmacology, representing 

the equilibrium distribution of a solute between two immiscible phases, often an organic solvent 

and water. Its calculation or measurement is fundamental in various scientific fields due to its far-

reaching implications. In drug discovery and development, PC influences a drug's behavior within 

the body, impacting its absorption, distribution, metabolism and elimination. It is a crucial tool for 

predicting a drug's bioavailability and therapeutic efficacy. In environmental chemistry, PC helps 

scientists assess the fate and transport of pollutants in ecosystems, aiding in environmental risk 

assessments. Moreover, in analytical chemistry and industrial processes, PC guides the separation 

and purification of compounds, contributing to the design of efficient processes. Overall, the 

partition coefficient serves as a cornerstone in understanding solute behavior and has a profound 

impact on research, industry and regulatory decisions. Its applications continue to expand, 

emphasizing its significance in modern science and technology. 

                                         PC = Co/Cw  

Where Co is the concentration of the drug in n-octanol and Cw is the concentration of the drug in 

water.  

Its core principle, based on the interaction of infrared radiation with molecular vibrations, allows 

researchers to gain invaluable insights into the composition, structure and functional groups 

present in various materials. What sets ATR-FTIR apart is its unique sample handling method, 

attenuated total reflection, which simplifies sample preparation and expands its applicability to 

liquids, solids, gels and powders, making it suitable for a diverse range of samples. 

The advantages of ATR-FTIR are multifaceted. Its rapid data acquisition, sensitivity and ease of 

use make it an ideal choice for both qualitative and quantitative analyses. Moreover, its ability to 

probe the top few micrometers of a sample surface makes it invaluable for surface characterization 

and the study of thin films and coatings. In fields such as chemistry, pharmaceuticals, materials 

science, environmental science and the life sciences, ATR-FTIR has become an indispensable tool 

for identifying unknown compounds, monitoring chemical reactions, characterizing polymers and 

nanomaterials, analyzing environmental samples and advancing biomolecular research. 
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4.5 Differential scanning calorimetry (DSC) analysis  

Differential Scanning Calorimetry (DSC) analysis is a highly valuable and widely utilized 

analytical technique that offers a profound understanding of the thermal properties of various 

materials. Operating on the fundamental principle of measuring heat flow during controlled 

temperature changes, DSC provides essential information about phase transitions, melting and 

boiling points, heat of fusion and glass transition temperatures. This information is critical in fields 

such as pharmaceuticals, where it aids in drug formulation and stability studies, materials science 

for the characterization of phase behavior and material properties and chemistry to study reaction 

kinetics and material compatibility. DSC instruments consist of sample and reference pans that 

undergo controlled heating or cooling, with the heat flow difference between the two pans yielding 

a DSC thermogram, representing heat effects as a function of temperature. The applications of 

DSC are vast, ranging from pharmaceuticals, materials science and chemistry to food science, 

environmental science and quality control across various industries. 

5 RESULT AND DISCUSSION: 

5.1 PREFORMULATION STUDY 

5.1.1 Description 

5.1.2 Melting point: -Melting Point of Labetalol HCl was found to be 195°C. 

5.1.3 Solubility study: - 

Solubility in water at 25°C 

A noteworthy distinction (P < 0.05) was observed when comparing the skin permeation rates 

between the distilled water solution and the isotonic phosphate buffer with a pH of 7.4. However, 

the introduction of a co-solvent, specifically ethanol at a concentration of 95%, led to a marginal 

increase in the permeability coefficient, which was found to be statistically insignificant (P > 0.05) 

as shown in Table 2. This suggests that the addition of ethanol did not result in a significant 

alteration of the skin permeation characteristics when compared to the isotonic phosphate buffer. 

5.2 PENETRATION ENHANCERS METHOD 

In an attempt to enhance the permeation of Labetalol HCL (LHCl), various penetration enhancers 

were tested initially at a concentration of 5% v/v. These enhancers included turpentine oil, 

dimethyl formamide (DMF), menthol, dimethyl sulfoxide (DMSO), pine oil and 2-pyrrolidone. 

The use of each of these enhancers led to an increase in the drug's permeability coefficient 

compared to their respective control groups. 

To accommodate enhancers that were not soluble in the isotonic phosphate buffer (IPB) with a pH 

of 7.4, a co-solvent, namely 95% ethanol, was combined with IPB at a ratio of 1:9. This approach 

allowed for the inclusion of DMSO, DMF and 2-pyrrolidone as experimental substances, while 

distilled water served as the control. For enhancers such as turpentine oil, menthol and pine oil, an 

ethanolic IPB with a pH of 7.4 was considered the control group. This methodology facilitated the 
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study of a diverse range of enhancers, ensuring that those not readily soluble in the buffer were 

still included in the experimental setup. The effectiveness of various penetration enhancers was 

assessed by calculating their enhancement factor (EF). Among the enhancers tested, DMSO 

demonstrated the highest EF when compared to turpentine oil, DMF, pine oil, 2-pyrrolidone and 

menthol (as indicated in Table 3). Notably, the application of 5% DMSO resulted in an 

approximately 17% increase in the permeability coefficient, establishing it as the most efficient 

penetration enhancer in this study. 

5.3 SKIN PERMEATION EXPERIMENTS 

The impact of various penetration enhancers on the permeability of Labetalol HCL (LHCl) was 

investigated. Additionally, the influence of an elevated drug concentration in the donor phase, 

ranging from 100 to 200 μg/ml, was studied in both distilled water and isotonic phosphate buffer 

at pH 7.4. In both scenarios, it was observed that an increase in drug concentration led to a 

corresponding increase in the permeability coefficient, as detailed in Table 4. Furthermore, another 

study explored the effect of varying the concentration of DMSO from 5% to 7.5% and up to 10%. 

This investigation revealed an augmentation in the permeability coefficient of the drug as the 

concentration of DMSO increased. 

6 CONCLUSION: 

The study concludes that Labetalol Hydrochloride can be effectively delivered through optimized 

TDDS, offering controlled and sustained release. Solubility and permeability studies revealed that 

drug concentration and enhancer type significantly affect skin permeation, with DMSO showing 

the highest enhancement factor. These results support the feasibility of TDDS for managing 

chronic conditions, reducing dosing frequency and improving patient compliance. Further research 

is suggested to explore large-scale manufacturing, long-term stability and clinical efficacy. 
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