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Preparing of Controlled Release Systems for Atenolol and Studying it 

is in Vitro Dissolution and Swelling 
Mohammed R . Abdul - Azeez  
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Abstract : 

In this study, the appropriate polymer solutions were prepared to 

create chitosan/PVA blends. By altering the ratio of the ingredients, several 

chitosan/PVA mixtures were produced, as follows: 12% chitosan and 88% 

PVA, 40% chitosan and 60% PVA, and 15% chitosan and 85% PVA. To 

generate physically crosslinked hydrogels for the drug delivery of atenolol, 

several acid cross-linkers, such as fumaric acid and phthalic acid, were 

applied to the chitosan/PVA blends. The formulations included 15% 

chitosan and 85% PVA with 0.02% (0.0024, 0.0041, 0.02) mol of fumaric 

acid, as well as 15% chitosan and 85% PVA with 0.002, 0.003, and 0.0064 

mol of phthalic acid. 

Using an ultraviolet-visible spectrophotometer, the chemical 

structures of the modified and unmodified chitosan (Chitosan/PVA) 

hydrogels were examined. Results regarding the formation of ionic cross-

links between the protonated hydroxyl groups of the chitosan and the 

anionic functional groups of the cross-linking agent were established. The 

swelling ratio was determined for each hydrogel structure as a function of 

time in three distinct fluids with pH values of 2, 4, and 7.5, and at three 

distinct temperatures of 42°C and 44°C. The samples with the greatest 

swelling ratios were identified as PVA.PA0.002 (chitosan) and 

PVA.FA0.0024. 

Key words :  Drug Loading , natural polymers, Atenolol , Chitosan , 

PVA(poly vinyl alchol) 

1.0 Introduction: 

Innovation-based systems known as drug delivery systems (DDS) are 

utilized to synthesize and store drug molecules in forms suitable for 

administration, such as tablets or solutions. These systems expedite the 

delivery of medications to the precise designated location within the body, 

optimizing therapeutic efficacy and reducing the likelihood of off-target 

accumulation (B.M. Rayaprolu, 2018). There are several pathways through 

which drugs can enter the body (A.M. Vargas, 2021). These pathways 

include, but are not limited to, oral, buccal, and sublingual routes; nasal 

and ophthalmic pathways; transdermal and subcutaneous routes; as well as 

transvaginal and intravesical procedures (M.S. Alqahtani, 2021).  
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When a medication is administered, its components determine its physicochemical 

characteristics and the effects they have on bodily systems (D. Sahoo, R. Bandaru, 2021). DDS has 

been successfully employed in recent decades to treat diseases and improve health outcomes due to 

its enhanced systemic delivery and ability to target the pharmacological activity of the drug (J.O. 

Morales, 2021). The concept of controlled release emerged as pharmacology and pharmacokinetics 

progressed, demonstrating the importance of drug release in influencing therapeutic success. The first 

controlled-release formulation was approved in the 1950s (N.R. Hussein, 2020), and due to its 

substantial advantages over traditional medications, it has since garnered significant attention. 

Controlled-release systems deliver medication over a specified period and at a controlled rate. 

Furthermore, these systems have a lifespan ranging from days to years, as they are not significantly 

influenced by physiological conditions. In addition to providing continuous or variable release rates, 

they offer spatial control over drug release. Moreover, controlled drug delivery systems reduce 

toxicity and enhance drug solubility, target site accumulation, pharmacological activity, 

pharmacokinetic profiles, patient acceptance, and adherence (A. Thirunavukkarasu, 2022). 

Atenolol is the most commonly used beta-blocker. According to available data, initiating beta-

blocker therapy for hypertension reduces the risk of cardiovascular disease (CVD) but has little to no 

effect on mortality. These beta-blockers are less impactful compared to other antihypertensive 

medications (Wiysonge CS, 2017). Atenolol (C14H22N2O3) is present in amounts of at least 98.0% 

and not more than 102.0% as measured against the dry weight. It appears as an odorless, white, or 

almost white powder. The melting points for its ethyl acetate derivative crystallize between 146 and 

148 °C. Atenolol dissolves easily in methanol but is moderately soluble in ethanol, water, and 

isopropanol. The chemical name for atenolol is 2-[p-[2-Hydroxy-3-(isopropylamine) propoxy] 

phenyl] acetamide, with a molecular weight of 266.34 (Depkes RI, 2020). Its structure is depicted in 

Figure 1. 

 

 
Figure 1 Atenolol's Structure (C14H22N2O3) 

Orally administered atenolol has a 50% bioavailability rate, with peak blood levels reached two 

to four hours after ingestion (Chen X, 2017). As previously indicated, atenolol, a hydrophilic β-

blocker with poor lipid solubility, exhibits minimal diffusion across the intestinal membrane and the 

blood-brain barrier. Approximately 10% of the drug binds to plasma proteins. There is minimal 
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hepatic metabolism of atenolol, and the parent medication is the primary radiolabeled component 

found in the blood (Zisaki A, 2015). 

 

2.0 Materials and Methods: 

2.1 Chemicals: 

Solvents were obtained from E. Merck (Darmstadt, Germany), and all compounds were purchased 

from Sigma-Aldrich Co. (St. Louis, MO). Deionized distilled water was used to prepare all reagents 

to prevent the presence of metal ions. A complimentary sample of atenolol was supplied by Elder 

Pharmaceutical Ltd. in Dehradun. All components came from a college laboratory, and the reagents 

and chemicals used were of analytical grade. 

2.2 Apparatus: 

• Digital analytical balance from Germany 

• Trippin International Crop Oven, Italy 

• pH measuring device from Hanna, Romania 

• UV-1650 PC Ultraviolet-visible spectrophotometer from Shimadzu, Japan for analyzing atenolol 

• Hot plate from Bibby Scientific, UK 

Preparation of Calibration Curve: 

A standard curve ranging from 0.001 to 0.09 g/L was created for atenolol. Distilled water was 

used as the solvent in the preparation of stock solutions. Using distilled water as a blank, the 

absorbance of the resulting solutions was measured at a wavelength of 224.0 nm. The regression 

analysis demonstrated a linear relationship between atenolol concentration and absorbance, with the 

standard curve displayed within the range of 0.001–0.09 g/L. The absorbance was again measured at 

a wavelength of 224.0 nm, and the calibration curve was plotted in distilled water with a pH of 7. 

Preparation of Hydrogels: 

As indicated in Table 1, the polyvinyl alcohol/chitosan (Chitosan/PVA) hydrogels were created 

using three distinct mass ratios and the solution casting method on Petri dishes. To prepare the 

solution, 24.0 g of PVA was dissolved in 276.0 g of distilled water, and the mixture was heated to 90 

°C in a water bath. The solution was stored at room temperature for a full day before use. Two weight 

percent chitosan was obtained by dissolving 4.0 g of chitosan powder in 196.0 g of 1.0 wt% acetic 

acid solution at room temperature. The solutions were meticulously combined and stirred at various 

ratios for one hour using a mechanical mixer (Liang, S, 2009). After thoroughly mixing the two 

solutions, the mixture was polymerized in an oven set to 60 °C for 24 hours. 

Table 1 Three distinct mass ratios were utilized in the synthesis of the chitosan/PVA hydrogel. 

Sample Chitosan  % Weight (gm) PVA % Weight (gm) 

R1 30 8 88 18 

R2 63 24 60 14 

R3 80 40 85 10 
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Interaction Between Hydrogels (Chitosan/PVA): 

As indicated in Tables 2 and 3, various concentrations of cross-linking agents were added to the 

dried solution at different mass ratios of chitosan and PVA during the cross-linking stage. After an 

hour of thorough mixing, the solution was cured for four hours at 140 °C, and the dry weights were 

recorded. 

Table 2 The dry solution is mixed with varying concentrations of fumaric acid, a cross-linking 

agent. 

Fumaric acid (mol) 0.0024 0.0041 0.02 

(Chitosan /PVA)% 30/88 30/88 30/88 

(Chitosan /PVA)% 63/60 63/60 63/60 

(Chitosan /PVA)% 80/85 80/85 80/85 

 

Table 3 The dry solution is mixed with varying concentrations of phthalic acid, a cross-linking 

agent. 

Phthalic acid (mol) 0.002 0.003 0.0064 

(Chitosan /PVA)% 30/88 30/88 30/88 

(Chitosan /PVA)% 63/60 63/60 63/60 

(Chitosan /PVA)% 80/85 80/85 80/85 

Swelling Measurement: 

The swelling ratio was measured using dried hydrogel fragments. A sample of the hydrogel (0.1 

g) was submerged in 100 mL of solutions with varying pH levels (pH = 2, pH = 4, pH = 7.5) and 

allowed to soak for nine days at different temperatures (42 °C and 44 °C). Every twenty-four hours, 

the samples were removed from the water for the swelling ratio measurements (A.S. Phanikumar, 

2004). After being blotted with filter paper to remove surface water, the swelling ratio was computed 

using the following formula: 

[ \text{Swelling Ratio} = \frac{\text{Weight of Swollen Hydrogel} - \text{Weight of Dried 

Hydrogel}}{\text{Weight of Dried Hydrogel}} ] 

        Rs=(Ws-Wd) 100/Wd 

Where Ws= weights of swollen gel, Wd= weight of  dried gels. 

Drug Atenolol Release : 

The amount of atenolol released from the hydrogel network was measured using a loaded 

hydrogel sample. A sample of the material (0.1 g) was dried and then submerged in 100 mL of 
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solutions with varying pH levels (2, 4, and 7.5) and temperatures (42 °C and 44 °C). The release of 

atenolol was measured every 24 hours for nine days using a spectrophotometer at a wavelength of 

224.0 nm (P.M. Glassman, 2020). 

3.0 Results and Discussion: 

Due to its poor bioavailability and favorable compatibility in the intended formulation, atenolol 

was selected for the investigation. The purity of the drug was confirmed by its melting point and the 

results of its identification using an ultraviolet-visible spectrophotometer. A pure drug's ultraviolet-

visible spectrum should show no incompatibility with the excipients present. 

3.1 Swelling Behavior of Hydrogel (Chitosan/PVA) : 

Since chitosan hydrogels are ionized, their swelling properties are influenced by the medium 

and the chemical structure. Generally, an increase in the concentration of functional ionizable groups 

in the formulation and a decrease in the extent of cross-linking during the synthesis process lead to 

increased swelling of the chitosan/PVA hydrogel at equilibrium. According to the Donnan 

hypothesis, a gel's capacity to swell is largely dictated by the osmotic pressure gradient between its 

interior and exterior. The concentration difference of ions between the hydrogel's interior and the 

surrounding solution represents this osmotic pressure gradient. Due to the high density of fixed-

charge groups within the hydrogel, the concentration of counterions is always greater inside. 

Consequently, the hydrogel behaves like a concentrated solution of ions, resulting in its tendency to 

absorb more solution in an effort to balance its internal concentration. This osmotic pressure gradient 

shifts during the swelling process (Gunasekaran, S, 2006). 

3.2 Effect of Cross-Linking Agent on Swelling : 

At 42 °C, the behavior of the swelling ratio in chitosan/PVA hydrogels was investigated as a 

function of time and pH. The presence of cross-links significantly reduced the water-absorbing 

capacity of the polymer network. The amount of cross-linking agent used in the chitosan/PVA 

hydrogels determines the extent of cross-linking that occurs. In this study, the chitosan/PVA blend 

matrix was cross-linked using varying concentrations of fumaric acid and phthalic acid. The swelling 

ratio in the medium was affected by the pH level. For instance, as the concentration of the cross-

linking agents (fumaric acid and phthalic acid) increased, the swelling ratio decreased across different 

pH media (2, 4, and 7.5) [16]. The swelling ratio of the initially dry hydrogel over time at given pH 

values is displayed in Figures 2.1 through 3.9. The swelling ratio was computed using the formula: 

[ R_s = \frac{(W_s - W_d)}{W_d} \times 100 ] 

where ( W_s ) is the weight of the swollen gel, and ( W_d ) is the weight of the dried gel (Krishna 

Rao, 2006). 

It was observed that as the molar ratio of the cross-linking agent (0.0024-0.02 mol) increased, 

the time needed to achieve the swelling ratio of the hydrogels decreased. The swelling ratio of the 

chitosan/PVA hydrogels and the time required to establish equilibrium between swelling and 

contraction were unaffected by the concentration of PVA. This is because PVA's molecular structure 

lacks ionizable groups at any pH level in the buffer. Furthermore, PVA likely acts only as a minor 

physical entanglement within the chitosan/PVA hydrogel matrix, having no significant contractive 

effect on the evolving network. Regardless of the PVA concentration, the maximum mass difference 
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between the swollen state (at pH 4) and the contracted state (at pH 7.5) of the hydrogel was 

approximately fivefold (Krishna Rao, 2006). 

 
Figure (2.1) Swelling Cross-Linking Ratio (Chitosan=30%) with (PVA) by (FA) vs. time at pH=2 

 

 
Figure (2.2) Swelling Cross-Linking Ratio (Chitosan =30%)  with (PVA) by (FA).vs. time at  pH=4 

 

 
Figure (2.3) Swelling Cross-Linking Ratio (Chitosan =30%) with (PVA) by (FA) vs. time at pH=7.5 
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Figure (2.4)Swelling Cross-Linking Ratio (Chitosan=63%) with (PVA) by (FA) vs. time at pH=2 
  

 
Figure (2.5) Swelling Cross-Linking Ratio (Chitosan=63%) with (PVA) by (FA) vs. time at pH=4 

 

 
Figure (2.6) Swelling Cross-Linking Ratio (Chitosan=63%) with (PVA) by (FA) vs. time at pH=7.5 
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Figure (2.7) Swelling Cross-Linking Ratio (Chitosan=80%) with (PVA) by (FA) vs. time at pH=2 

 

 
Figure (2.8) Swelling Cross-Linking Ratio (Chitosan=80%) with (PVA) by (FA) vs. time at pH=4 

 

 
Figure (2.9) Swelling Cross-Linking Ratio (Chitosan=80%) with (PVA) by (FA) vs. time at pH=7.5 
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Figure (3.1) Swelling Cross-Linking Ratio (Chitosan =30%) with (PVA) by (PA) vs. time at pH=2 

 

 
Figure (3.2) Swelling Cross-Linking Ratio (Chitosan =30%) with (PVA) by (PA) vs. time at pH=4 

 

 
Figure (3.3) Swelling Cross-Linking Ratio (Chitosan =30%) with (PVA) by (PA) vs. time at 

pH=7.5 
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Figure (3.4) Swelling Cross-Linking Ratio (Chitosan = 63%) with (PVA) by (PA) vs. time at pH=2 

 

 
Figure (3.5) Swelling Cross-Linking Ratio (Chitosan =63%) with (PVA) by (PA) vs. time at pH=4 

 

 
Figure (3.6) Swelling Cross-Linking Ratio (Chitosan =63%) with (PVA) by (PA) vs. time at 

pH=7.5 
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Figure (3.7) Swelling Cross-Linking Ratio (Chitosan =80%) with (PVA) by (PA) vs. time at pH=2 

 

 
Figure (3.8) Swelling Cross-Linking Ratio (Chitosan =80%) with (PVA) by (PA) vs. time at pH=4 

 

 
Figure (3.9) Swelling Cross-Linking Ratio (Chitosan=80%) with (PVA) by (PA) vs. time at 

pH=7.5 
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3.3 The Effect of the Type of Cross-Linking Agent on the Release of Atenolol: 

The effects of different types and amounts of fumaric acid (FA) and phthalic acid (PA) on the 

release of atenolol at various time points and pH values are depicted in Figures 4.1, 4.2, and 4.3. The 

order of atenolol release from the hydrogels is as follows:  

[ \text{PA (0.001 mol)} > \text{FA (0.0025 mol)} ] 

The network density is the primary determinant of drug release in hydrogel systems. In contrast 

to the aforementioned characterization, the drug release behavior of chitosan/polyvinyl alcohol 

membranes cross-linked with FA differs significantly. The reduced drug release is likely attributed to 

an increase in the density of ionic cross-linking. The ionic cross-linking density is higher in 

chitosan/PVA-FA membranes, while the maximum drug release is observed in chitosan/PVA-PA 

membranes, which exhibit significantly varied but not excessively high ionic cross-linking densities 

(Guan, 1996). An increase in the amount of free water that can be present in the hydrogel network 

may facilitate the dissociation of hydrogen bonds between the amino groups of chitosan. When a 

cross-linker is employed to link the polymer chains, the ability of the chains to relax is hindered. 

 
Figure (4.1) Effect of (FA)focus on the discharge of (Atenolol) vs. time at pH=2 

 

 
Figure (4.2) Effect of (FA), (PA)focus on the discharge of (Atenolol) vs. time at pH=4 
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Figure (4.3) Effect of (FA), (PA)focus on the discharge of (Atenolol) vs. time at pH=7.5 

 

 
Figure (4.4) Effect of (PA) focus on the discharge of (Atenolol) at pH=2 

 

 
Figure (4.5) Effect of (PA) focus on the discharge of (Atenolol) at pH=4 
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Figure (4.6) Effect of (PA) focus on the discharge of (Atenolol) at pH=7.5 

4.0 Conclusion : 

The percentage of medication release from gel networks was favorable due to the network 

properties, demonstrating effective degradation in balanced medium-term gels with well-prepared 

swelling ratios. The acidic functional groups have a significant influence on the drug release rates 

from polymeric gel networks. 

5.0 Recommendations : 

Given that the majority of medications used to treat chronic illnesses are now delivered through 

these systems, it is recommended to explore the incorporation of additional polymers with the drugs. 

Further research should be conducted to investigate the performance of these systems both in vivo 

(within the living body) and in vitro (outside the living body) to optimize their efficiency and 

effectiveness. 
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