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Acyclovir, an antiviral drug has low oral bioavailability of about 15-30%. It shows more absorption in the upper 

gastro intestinal tract. The main objective is to evaluate the potential of floating alginate beads as a drug carrier for 

acyclovir to prolong gastric residence time of drug in its absorption window. Floating beads were prepared from 

sodium alginate solution containing CaCO3 as gas-forming agent using Ionotropic gelation method. To overcome 

the limitation of drug leaching during preparation and to have improved sustained release characteristics, alginate 

beads were prepared with the addition of polymers like Hydroxy propyl methyl cellulose (HPMC K4M), Eudragit 

RL 100 and Xanthan gum. Beads were also prepared by using Pectin (polyelectrolyte) containing cross linking 

solution. The compatibility of drug with the polymer was confirmed through the FT-IR studies. The prepared beads 

were evaluated for percentage drug loading, entrapment efficiency, surface morphology and in vitro release 

characteristics to know the effect of addition of these polymers to alginate solution and the addition of Pectin to 

cross linking solution. Pectin treated beads prepared with Xanthan gum & Pectin not only showed improved 

percentage drug loading but also exhibited sustained drug release in the pH 1.2. So these floating alginate beads may 

act as a promising carrier for acyclovir to improve its oral bioavailability. 
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Introduction 

The oral route represents the predominant and most 

preferable route for drug delivery. It allows ease of 

administration by the patient and is highly convenient way for 

substances to be introduced into the human body. Oral drug 

delivery systems (DDS) are divided into immediate release and 

modified release systems. 

Dosage forms that can be retained in the stomach are called 

gastroretentive drug delivery system (GRDDS). These are the 

systems which can remain in gastric region for several hours 

and significantly prolongs the gastric residence time of drug. 

After oral administration, such a delivery system would be 

retained in stomach. It will release the drug there in a 

controlled & prolonged manner, so that the drug could be 

supplied continuously to absorption site in gastrointestinal 

tract (GIT). 

The goal in designing sustained and controlled release is to 

reduce frequency of dosing or increase effectiveness of the 

drug by localization at site of action. The controlled release 

technology had made it possible to release drug at constant 

rate for a longer period of time that is the development Of 

gastroretentive drug delivery system. Besides being able to 

continually and sustainably deliver drugs to the small intestinal 

absorption window, the improvements provided from 

gastroretentive drug delivery systems include: achieving a 

greater and prolonged therapeutic effect and thus reducing the 

frequency of administration periods, providing a more effective 

treatment of local stomach disorders, and minimizing both 

lower-tract inactivation of the drug and drug effects on the 

lower intestinal flora .Depending upon the physiological state 

of the subject and the design of pharmaceutical formulation, 

the emptying process can last from a few minutes to 12 h. This 

variability, may lead to unpredictable bioavailability and times 

to achieve peak plasma levels, since the majority of drugs are 

preferentially absorbed in the upper part of the small intestine. 

Thus, control of placement of Oral drug delivery systems (DDS) 

in a specific region of the gastrointestinal tract (GIT) offers 

numerous advantages, especially for drugs exhibiting an 

absorption window in the gastrointestinal tract (GIT) or drugs 

with a stability problem. Overall, the intimate contact of the 

Oral drug delivery systems (DDS) with the absorbing  
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membrane has the potential to maximize drug absorption and may also influence the rate of drug absorption. 

Floating drug delivery systems (FDDS) or hydrodynamically controlled systems are low- density systems that have sufficient buoyancy 

to float over the gastric contents and remain buoyant in the stomach without affecting the gastric emptying rate for a prolonged period 

of time. While the system is floating on the gastric contents, the drug is released slowly at the desired rate from the system. After release 

of drug, the residual system is emptied from the stomach. This results in an increased gastric residence times and a better control of the 

fluctuations in plasma drug concentration. However, besides a minimal gastric content needed to allow the proper achievement of the 

buoyancy retention principle, a minimal level of floating force (F) is also required to keep the dosage form reliably buoyant on the 

surface of the meal [1- 4].  

Materials and Method 

All the chemicals used in the study were of analytical grade. 

Preformulation Study 

Preformulation study is the process of optimizing the delivery of drug through determination of physicochemical properties of the new 

compound that could affect drug performance and development of an efficacious, stable and safe dosage form. preformulation study is 

the first step in formulation study. Determination of melting point using capillary method and digital melting point apparatus, solubility 

of acyclovir, compatibility studies (FT-IR Spectroscopy) were carried out. 

Preparation of floating beads: 

Drug was dispersed in the alginate solution (3%w/v) and calcium carbonate was added in the ratio of 0.5:1 (CaCO3: alginate wt/wt). 

The resulting solution was dropped through a 26 gauge needle in to the 100 ml cross linking solution (calcium chloride (1%w/v) + 

acetic acid (10%v/v)). For Preparing alginate/HPMC, alginate/Eudragit RL 100 and alginate/Xanthan gum beads, HPMC (0.5%, 1%, 

1.5%W/), Eudragit RL 100(1% W/N) and Guar gum (0.5%, 1%, 1.5%W/V) were added to drug /alginate/CaCO3, solution and dropped 

in to cross linking solution. For preparing the Pectin treated alginate beads the drug/polymer solution was dropped in to the cross 

linking solution containing 0.5%wlv pectin. The beads were allowed to remain in the solution for 30 min. Then the beads were 

separated, washed with water thrice and air dried. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table no: 3 formulation design 

Evaluation of the Floating Beads: 

Study of size and uniformity of alginate beads: 

To prepare uniform beads (i.e., of the same size and density) it is essential that synthesis conditions such as viscosity, rate of falling of 

drops, stirring rate and distance between surface and gelation medium, be maintained constant. 

The diameter of beads was determined by screw gauge. 20 dried beads were randomly selected from each batch and the mean 

diameter was determined. The least count of screw gauge was 0.005 mm. Colour and shape of dried beads of each batch was noted. 

 Percentage entrapment efficiency 

200 mg of acyclovir loaded Calcium alginate beads was dissolved in 250 ml of 0.1N HCL by stirring for 6 h and filtered using 0.45 m 

Millipore filter. l ml was pipetted out and made up to 10 ml. Acyclovir content was determined spectrophotometrically at 256 nm. The 

determinations were made in triplicate and the percentage entrapment efficiency (EE) was calculated as follows. 

EE (%) = Practical drug loading/Theoretical drug loading 100 

 

F. Na         Acyclovir     HPMC Xanthan   Eudragit   CaCO3   CaCl2  Pectin 

C     alginate (Mg)        K4M gum      R L 100        alg    (%)     (%) 

 (%)           (%) (%)       (%)  

F1 3      250           1 -         -       0.5:1      1        - 

F2 3      250            - 1         -      0.5:1      1        - 

F3 3      250            - -        1      0.5:1      1        - 

F4 3      250          0.5 -        -      0.5:1      1        - 

F5 3      250            - 0.5        -      0.5:1      1        - 

F6 3     250         1.5 -        -      0.5:1      1        - 

F7 3      250            - 1.5       -      0.5:1      1        - 

F8 3      250        0.5 -       -      0.5:1     1       0.5 

F9 3      250          - 0.5       -      0.5:1     1       0. 
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Percentage yield 

The prepared alginate beads of all batches were accurately weighed and the percentage yield was calculated by using following 

equation, 

% Yield= Actual weight of product/ Total weight of excipients and drug X 100 

Buoyancy of the Alginate beads 

The floating ability was determined using USP dissolution test apparatus II. Fifty beads were put in the vessel and the paddle was 

rotated at 50 rpm in 900 ml 0.1 N HCL, maintained at 37±0.5 °C for 12 hours. The floating and the settled portion of beads were 

recovered separately. Buoyancy percentage was calculated. The floating ability of the beads was measured by visual observation and the 

percent of floating beads was taken as the average of three determinations. The preparation was considered to have buoyancy, only 

when all beads floated on the test solution immediately or within a lag time which did not exceed 2 min [14]. 

Buoyancy % = Wf/ (Wf+Ws) ×100 

Where Wf and Ws, are the weight of the floating and settled alginate beads. 

Morphological Analysis 

Surface morphology of the beads was examined with a scanning electron microscope.  

 In-vitro Drug Release Study 

The drug release rate from floating Alginate bead was carried out using six basket dissolution apparatus USP type I. A weighed amount 

of floating alginate beads was filled into a capsule and placed in 900ml of 0.1N HCI  dissolution medium. Temperature was maintained at 

37 ± 0.5°C at a rotating speed of 100rpm. 5 ml aliquots were withdrawn at predetermined time intervals for 12hrs, filtered and analyzed 

by UV spectrophotometer at 256 nm after suitable dilution. The withdrawn volume was replaced with an equal volume of fresh 0.1NHCI. 

The cumulative % drug release was calculated using standard calibration curve.  

 Drug Release Kinetics: 

To analyze the mechanism for the release and release rate kinetics of the dosage form, the data obtained was fitted into Zero 

order, First order, Higuchi model, Korsmeyer-Peppas model and Hixson Crowell model. By comparing the R-values obtained, the best fit 

model was selected. 

 Stability studies 

The stability studies for beads were done by keeping the sample beads from optimized batches at room temperature for 90 

days.  The selected batch for stability study was batch F9. The product was evaluated for in vitro drug release and drug content. 

RESULTS AND DISCUSSION 

Preformulation study conclude that Acyclovir is slightly soluble in water, insoluble in ethanol and the organic solvents, soluble in dilute 

aqueous solutions of alkali and mineral acids. The melting point was found to be in the range of 256.5-257°C. FT-IR study confirmed that 

the drug is compatable with the excipients used in the formulation. 

The alginate beads are spherical in shape. The flow rate, flow time, viscosity, stirring and shape  are responsible for the uniformity of the 

beads. The percentage entrapment efficiency were found to be between 65.48-87.32%. Xanthan gum is found to be more viscous than 

the other polymers and it showed maximum drug entrapment. Pectin is used as polyelectrolyte. It showed a more improved drug 

release profile than the simple lonotropic gelation method. The floating time of the formulations were found to be more than 20 hrs. The 

percentage buoyancy was found to be in the range of 57.64-87.01%, being the highest for formulation F4 and lowest for F7. As the 

polymer concentration has increased, buoyancy decreased due to increase in the viscosity of the polymer. 

 
Figure no. 1 

From the Morphological analysis (SEM analysis), the smooth surface of beads shows complete homogeneity of drug and polymer. 

 
Figure no.2                                                      Figure no.3 
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The percentage cumulative drug release of all formulations is found to be in the range of 52.342-99.65 % w/w after 12 hours. The 

formulation with maximum percentage cumulative release after 12 hours was found to be F9 (xanthan gum/pectin treated beads) 

 

 
Figure 4: In vitro dissolution study (F1-F5) 

 
Figure 5: In vitro dissolution study (F6-F9) 

 

Evaluation studies conducted suggests that floating alginate 

beads may act as a promising drug carrier for acyclovir. 

Conclusion 

Acyclovir is the first specific antiviral drug to become widely 

used against herpes particularly Herpes Simplex Viruses (HSV) 

types I and II and Varicella Zoster. In the present study 

Acyclovir  floating beads were formulated to achieve sustained 

release of drug in the absorption window of GIT. An attempt 

has been made to validate the release retardant property of 

HPMCK4M, EUDRAGIT RL 100 and XANTHAN GUM on in vitro 

release of Acyclovir. Three concentrations were selected for 

each polymer, i. e 0.5%, 1% and 1.5%. Sodium alginate beads 

prepared with xanthan gum and treated with pectin not only 

showed improved percentage drug loading but also exhibited 

sustained drug release in the pH 1.2. So these Floating alginate 

beads may act as a promising carrier for acyclovir to improve 

its oral bioavailability. 

Acknowledgement 

Not Declared 

Conflict of interest 

Authors are declared that no conflict of interest. 

Funding 

Funded by Nirmala College of Pharmacy, Muvattupuzha 

Ethical consideration and inform consent 

Not applicable 

 

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

IN VITRO DISSOLUTION STUDY

F1 F2 F3 F4 F5

time (hrs)

%
C

D
R

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

IN VITRO DISSOLUTION STUDY

F6 F7 F8 F9

time (hr)

%
C

D
R



Teena Mohan et al., J. innov. appl. pharm. Sci, 8[3-S] 2023, 105-109 

Journal of Innovations in Applied Pharmaceutical Sciences                                                                                               109 

 

References 

1. Gibert SB, Cristopher IR. Modern pharmaceutics 4th ed, 

2005 

2. Ray-Neng C, Hsiu-O H, Chiao-Ya Y, Ming-Thau S, 

Development of Swelling/floating gastroretentive drug 

delivery system based on a combination of hydroxylethyl 

cellulose and sodium carboxymethyl cellulose for Losartan 

and its clinical relevance in healthy volunteers with 

CYP2C9 polymorphism. European Journal of 

Pharmaceutical Sciences 2010 Nov10 (39):82-89. 

3. Brahma N. Singh, Kwon H. Kim. Floating drug delivery 

systems: an approach to oral controlled drug delivery via 

gastric retention Drug Delivery Systems. Journal of 

Controlled Release 2000 (63):235-259. 

4. Gopalakrishnan S. and Chenthilnathan A. Floating Drug 

Delivery Systems: A Review India. Journal of 

Pharmaceutical Science and Technology 2011 3(2):548-

554. 

5. Eisen, S.A., Miller, D.k., Woodward, R.S., Spitznagel, E., 

Przybeck, T.R., 199, the effect of prescribed daily dose 

frequency on patient medication compliance. Arch. Intern. 

Med. 150, 1881-1884. 

6. Getsios, D., Caro, JJ, Ishak, K.J., El-Hadi, W., Payne, K., 

OConnel, M., Albrecht, D. Feng. W., Dubois, D., 2004. 

Oxybutynin Extended Release and Tolterodine Immediate 

Release: A Health Economic Comparison. Clinical Drug 

Investigation 24, 81-88.  

7. Sansom, L.N., 1999, Oral extended release products. Aust. 

Prescr. 22 88-90.  

8. Hoffman, A., 1998. Pharmacodynamic aspects of sustained 

release preparations. Advanced Drug Delivery Reviews 33, 

185-199.  

9. Kumar, M.N., Kumar, N., 2001. Polymeric controlled drug-

delivery systems:  perspective issues and opportunities. 

Drug Dev. Ind. Pharm. 27, 1-30. 

10. Siepmann, J., Siepmann, F., 2008. The Modified-Release 

Drug Delivery Landscape: Academic Viewpoint, in: 

Rathbone, M.J., Hadgraft, J., Roberts, M.S., Lane, M.E. (Eds.), 

Modified release drug delivery technology, Second ed. 

Informa Healthcare USA, Inc., New York, pp. 17-34.  

11. Hoffman, A., Stepensky, D., Lavy, E., Eyal, S., Klausner, E., 

Friedman, M., 2004. Pharmacokinetic and 

pharmacodynamic aspects of gastroretentive dosage 

forms. Int J Pharm 277, 141-153.  

12. Davis, S.S., Hardy, J.G., Taylor, M.J., Whalley, D.R., Wilson, 

C.G., 1984. A comparative study of the gastrointestinal 

transit of a pellet and tablet formulation. Int. J. Pharm. 21, 

167-1 77.  

13. Rouge, N., Buri, P., Doelker, E., 1996. Drug absorption sites 

in the gastrointestinal tract and dosage forms for site-

specific delivery. Int. J. Pharm. 136, 117-139 

14. Banker GS, Rhodes CT. Modern Pharmaceutics, Marcel 

Dekker, New York 1996 :3 :125-128. 

15. Desai S& Bolton S. A floating controlled release drug 

delivery system: in vitro- in vivo evaluation. Pharm Res. 

1993; 10:1321-1325. 

16. Wilson CG & Washington N. The stomach: its role in oral 

drug delivery. In: Rubinstein MH, ed. Physiological 

Pharmaceutical: Biological Barriers to Drug Absorption. 

Chichester, UK: Ellis Horwood. 1989; 47-70. 

 

17. Desai, S. A floating controlled release drug delivery 

system: in vitro- in vivo evaluation. Pharm Res. 1993: 

10(9): 1321-1325. 

18. Mathur P.An overview on recent advancements and 

developments in gastroretentivebuoyant drug delivery 

system. Pelagia Res Lib Der Pharmacia Sinica. 2011: 2(1): 

161-169. 

19. Tiwari A. The Floating Drug Delivery System and Its 

Impact on Calcium Channel Blocker:A Review Article. Int J 

Pharma Res & Dev. 2012: 12(3): 107 -131. 

20. Vedha HB. The Recent Developments on Gastric Floating 

Drug Delivery Systems; An Overview. Int J Pharm Tech 

Res. 2010; 1(2): 524-534. 

21. Streubel A, Siepmann J, Bodmeier R. Floating matrix 

tablets based on low density foam powder: effects of 

formulation and processing parameters on drug release. 

Eur.J. Pharm. Sci. 2003: 18 :37-45. 

22. Bettina B. Masoud G, Fengfu L. Controlled release of 

acyclovir trough bioengineered corneal implants with 

silica nanoparticles carries. The open Tissue Engineering 

and Regenerative Medicine Journal. 2010:3:10-17. 

23. Remeth JD, Sfurti SS, Kailas KM. Design and development 

of mucoadhesive acyclovir tablet, Iranian Journal of 

Pharmaceutical Research. 2009; 8(4):231-239. 

24. Chordiya y. Floating drug delivery system a versatile 

approach for gastric retention IJPFR. 2011; 1(3): 96-1 12. 

25. Bardonnet PL, Gastroretentive Dosage Forms: Overview 

and Special case of Helicobacter pylori. J Control Rel. 2006; 

111: 1-18. 

26. Babu Vm. In vitro and In vivo studies of sustained release 

floating dosage forms containing salbutamol sulphate. 

Pharmazie. 1990; 45: 268-270. 

27. Geetha A, Kumar J. Rajendra, Mohan CH. Krishna. Review 

on: Floating drug delivery systems. International journal 

of pharmaceutical research and biomedical analysis. 2012: 

(1): 1-13. 

28. Grubel P, et al. Gastric emptying of nondigestible solids in 

the fasted dog. J PharmSci. 1987; 76: 117-122. 

29. Garg S. and Sharma S. Gastroretentive Drug Delivery 

System, Business Briefing: Pharmatech. 2003; 7: 160-166. 

30. Vyas SP, Khar RK. Gastroretentive systems, In: Controlled 

drug Delivery. VallabhPrakashan. Delhi, India. 2006; 197-

217. 

31. Clarke GM, Newton JM, Short MD. Gastrointestinal transit 

of pellets of differing size and density. Int J Pharm 1993; 

100(13): 81-92. 

32. Sungthongjeen S, Paeratakul 0, Limmatvapirat S, 

Puttipupathachorn S. Preparation and in-vitro evaluation 

of multiple-unit floating drug delivery system based on gas 

formation technique. Int J Pharm 2006: 324: 136-43. 

 

 


