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ABSTRACT 
 
The objective of this investigation is to develop a multi-unit gastro retentive sustained release dosage form of a Tizanidine HCL. Tizanidine, an Muscle 
Relaxant drug has low oral bioavailability of about 34-40%. It shows more absorption in the upper gastro intestinal tract. 
The floating bead formulations were prepared by ionotropic gelation technique. It is prepared by dispersing Tizanidine together with calcium carbonate 
in a mixture of sodium alginate and polymers (Guar gum/HPMC) solution and then dripping the dispersion into an acidified solution of calcium 
carbonate. Drug: polymer weight ratio and the interaction of drug: polymer weight ratio had a significant effect on the drug entrapment efficiency. These 
beads were evaluated for entrapment efficiency, Scanning electron microscopy, drug loading, buoyancy and in vitro drug release. So these floating 
alginate beads could be a suitable composition for Tizanidine as a floating gastro retentive dosage form. 
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INTRODUCTION 
 
In oral drug delivery system bioavailability of the drug depends on gastric 
residence time (GRT) of the drug [1]. Because of the short gastric 
emptying time, number of drug delivery systems is suffering with the low 
drug release in its absorption window that ultimately leads to scarce 
bioavailability of the administered dose [2]. One mechanism to avoid this 
early emptying of dosage forms from the fed stomach is to maintain the 
dosage form in a position remote from the pyloric opening by creating a 
floating dosage form, typically by gen-rating gas within the delivery 
system [3-4].These floating dosage form have a bulk density lower than 
gastric fluids and thus remain buoyant in stomach for prolonged period of 
time ,Although ,the system floats on gastric content ,the drug is released 
slowly at a desired rate from the system After the release of the drug the 
residual system is emptied from the stomach .This result in an increase in 
gastric retention tine  and a better control of fluctuation in the plasma 
drug concentration [5]. The aim of the present study, which was to 
develop sustained release oral product namely microbeads of Tizanidine 
Hydrochloride using sodium alginate as the hydrophilic carrier and 
calcium chloride as cross-linking agent. Further, examines influences of 
various process parameters on physicochemical properties and drug 
release potential. In the proposed method Ionotropic gelation we drop the 
mixture of drug and polymer dispersion into aqueous calcium chloride 
solution, gelation occurs instantaneously resulting to the formation of 
spherical micro-scale sized beads, with narrow particle size, high yield, 
low porosity and optimum sustained release in various physiological 
gastrointestinal conditions [6-7]. 
 
MATERIALS AND METHODS 
 
Tizanidine HCL was a gift sample from Blue Cross, Nashik. Sodium 
alginate, Calcium chloride, Calcium Carbonat was a gift sample from S.B. 
Fine chemicals Ltd, Mumbai. India. All other reagents and solvents used 
were of analytical grade satisfying pharmacopoeial specifications. 
 
Methods 
 
Preparation of floating beads 
 
Specified quantity of drug was dispersed in the alginate solution 
(3%w/v). Then calcium carbonate was added to the above solution in the 
ratio of 0.5:1 (CaCO3: alginate w/w). 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 
and alginate/Guar gum beads, HPMC (0.5%W/V) and Guar gum 
(0.5%W/V) were added respectively to drug /alginate/CaCo3 solution 
and dropped in to cross linking solution. For preparing the Chitosan, 
treated alginate beads the drug/polymer solution was dropped in to the 
cross linking solution containing 0.5%w/v, Chitosan. The beads were 
allowed to remain in the solution for 30 min to improve the mechanical 
strength. Then the formed beads were separated, washed with water 
thrice and dried in an oven at 500c [8-9]. 
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CHARECTERIZATION AND EVALUATION OF FLOATING BEADS 
 
Particle Shape and Size10 
 
Microscopic evaluation of all formulated batches was done by using 
Compound microscope with the help of MOTIC software. Evaluation of the 
sample was carried initially and after each stability condition. Clean and 
dry glass slide and cover slip was taken. Very small quantity of sample 
was taken on glass slide. Sample was covered by placing cover slip on it. 
Precaution was taken that there was no entrapment of air. Cover slip was 
slightly pressed to spread the sample uniformly to prepare the thin film. It 
was observed under microscope with different power of lenses like 10x, 
40x and 100x. 
 
Percentage drug loading and entrapment efficiency [8, 11, 12] 
 
Beads (50 mg) were crushed in a glass mortar-pestle and the powdered 
beads were suspended in 50 ml of 0.1 N HCl and sonicated for 1 hr. The 
solution was filtered to separate shell fragments and the filtrate was 
analyzed spectrophotometrically for the drug content. 
 
 % Entrapment can be calculated by following equation no. 1 
 

               
                   

                        
     ----------------- (1) 

 
% Drug Loading can be calculated by following equation no. 2 
 

                 
                       

                     
     ----------------- (2) 

 
Scanning Electron Microscopy (SEM) [13] 
 
The shape and surface topography of the optimized microcarriers were 
studied by scanning electron microscopy (SEM). Scanning electron 
microscopy was performed to characterize the surface of formed 
microcarriers. Microcarriers were mounted directly onto the sample stub 
and coated with gold film under reduced pressure. 
 
Floating Behavior [5, 14] 
 
The time taken for dosage form to emerge on the surface of the medium is 
called bouncy lag time, and the duration of time by which the dosage form 
constantly emerges on the surface of the medium is called total floating 
time .Weighed amount of beads from each batch was paced in USP XXIII 
TYPE II dissolution apparatus containing 900 ml of acidic buffer pH1.2 
,Using paddle at a rotational speed of 75 rpm .The temperature of 
medium was maintained at 37 0c .Initially all the beads start floating with 
zero floating lag time. Then total floating time was determined.  
 
Swelling Index [15, 16] 

 
Beads were studied for swelling characteristics. Only those batches were 
selected which have good drug content and entrapment efficiency more 
than 50%. Sample from drug-loaded beads were taken, weighed and 
placed in wire basket of USP dissolution apparatus II. The basket 
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 Table 1. Formulation Design 
 

 

 
containing beads was put in a beaker containing 100 ml of 0.1 N HCl (pH  
1.2) maintained at 370°C. The beads were periodically removed at 
predetermined intervals and weighed. Then the swelling ratio was 
calculated as per the following formula: 
 
Swelling ratio = Weight of wet beads/weight of dried beads 
 
Drug – Polymer Compatibility Studies 
 
To determine the possible incompatibility between pure drug polymers 
and other excipient is an important step in preformulation studies. The 
pure drug, polymer and other excipients were subjected to FTIR, DSC 
studies. 
 

In-vitro Drug Release [17, 18] 
 
The drug release was studied using USP XXIV paddle apparatus at 37 ± 
0.5°C and at 50 rpm using 900 ml of Acidic Buffer pH 1.2 as dissolution 
medium. Withdrawn 10 ml of the sample solution at pre-determined time 
intervals, filtered, diluted suitably and analyzed spectrophotometrically at 
λmax 319.5 nm. Equal amount of the fresh dissolution medium was 
replaced immediately after withdrawal of the test sample. 
 
Drug Release Kinetics [19] 

 
In order to investigate the release kinetics, the release data were analyzed 
with the following mathematical models: zero-order kinetic (equation 3), 
first-order kinetic (equation 4) and Higuchi kinetic (equation 5). 
 
          C = K 0 t                                            ------------- (3) 
          L o g C = L o g C o − k t / 2.303  ------------- (4) 
          Q = K t 1 / 2                                                             ------------- (5) 
 
Mechanism of release [20] 
 
To find out the mechanism of drug release, drug release data was fitted in 
equation of Korsmeyer– Peppas model (equation 6). 
        
         M t / M ∞ = K t n                            -------------- (6) 
 
Comparison of different Polymers 
 
For the present study an attempt was made to prepare the GRDDS of 
Tizanidine HCL with 4 different polymers and their combinations. The 
study reveals that the drug release from formulations is depend upon the 
swelling, molecular weight and diffusion ability of polymers. 
 
Stability Study [18] 

 
During the stability studies the product was exposed to normal conditions 
of temperature and humidity. The microcarriers were sealed in an 
aluminium packaging coated inside with polyethylene at a temperature of 
40°C± 2°C and 75 ± 5 % relative humidity for duration of 1 month. After 
an interval of one month each sample was withdrawn and tested for drug 
entrapment and drug release rate study. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSION 
 
Partical size 
 
The mean particle sizes of the drug loaded beads were carried out by 
using Compound microscope with the help of MOTIC software. The mean 
particle size might be affected by different types of polymers which are 
used in preparation of beads. The average particle size of beads was 
found to be in the range of 824.12 to 988.87 µm. 
 
Drug Loading and Drug Entrapment Efficiency 
 
The drug entrapment was carried out in 0.1 N HCL. The drug entrapment 
for F8, F9, F10 having Guar gum, Chitosan, Pectin were found to be in the 
range of 65.45 ±0.03 to 75.45±0.8. The drug entrapment for F11, F12, F13 
having HPMC, Chitosan, Pectin were found to be in the range of 
63.45±0.05 to 71.35±0.9. The drug entrapment of F2, F3 having Guar gum, 
HPMC were found to be 43.48±0.09, 40.47±0.5 respectively. From the 
result, it was observed that the drug entrapment efficiencies increased 
progressively with increasing the concentration of Chitosan resulting in 
the formation of larger beads entrapping the greater amount of the drug. 
Beads having Guar gum showed high entrapment compare to HPMC. The 
percent drug loading of various formulations ranged between 16.33% 
and 25.15%.  
 
Table 2. Loading and Entrapment Efficiency of Formulations 
 
Formulation 
Code 

Drug Loading 
% 

Entrapment 
% 

Partical size 
(μm) 

F1 17.68 ±0.06 39.10± 0.07 988.87 
F2 18.23 ±0.08 43.48±0.09 889.89 
F3 17.50 ±0.7 40.47±0.5 824.12 
F4 14.18 ±0.06 48.56±0.08 932.34 
F5 18.23 ±0.08 51.65±0.07 897.87 
F6 19.55 ±0.04 55.65±0.04 849.28 
F7 16.33 ±0.06 49.98±0.9 897.26 
F8 21.84 ±0.08 65.45±0.03 918.09 
F9 22.80 ±0.9 68.45±0.08 865.76 
F10 25.15 ±0.07 75.45±0.8 897.32 
F11 20.15 ±0.03 63.45±0.05 840.56 
F12 21.86 ±0.05 68.47±0.09 921.47 
F13 23.75 ±0.6 71.35±0.9 857.36 

 
Scanning Electron Microscopy (SEM) 
 
The SEM micrographs revealed that the resulting Beads were almost 
spherical but the morphology appeared to be rough and grossy spherical. 
(Figure1). 
 

 
Figure 1. SEM of (F10) Tizanidine + Chitosan + Guar gum + Pectin 

Formulation 
code 
 

Sodium 
alginate 
(ALG) % 

Drug 
(mg) 
 

Caco3 :Alg 
 

HPMC   (%) 
 

Guar 
gum 
(%) 

Cacl2 
(%) 
 

Chitosan 
(%) 
 

  Pectin 

F1 3 100 0.5:1 -- -- 1 -- -- 
F2 3 100 0.5:1 -- 0.5 1 -- -- 
F3 3 100 0.5:1 0.5 -- 1 -- -- 
F4 3 100 0.5:1 -- 0.5 1 0.5 -- 
F5 3 100 0.5:1 0.5 -- 1 0.5 -- 
F6 3 100 0.5:1 -- 0.5 1 -- 0.5 
F7 3 100 0.5:1 0.5 -- 1 -- 0.5 
F8 3 100 0.5:1 -- 0.5 1 0.15 0.35 
F9 3 100 0.5:1 -- 0.5 1 0.25 0.25 
F10 3 100 0.5:1 -- 0.5 1 0.35 0.15 
F11 3 100 0.5:1 0.5 -- 1 0.15 0.35 
F12 3 100 0.5:1 0.5 -- 1 0.25 0.25 
F13 3 100 0.5:1 0.5 -- 1 0.35 0.15 
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Figure 2. Scanning Electron Microphotographs of floating sodium 

Alginate Beads of Tizanidine HCL 
Floating properties 
 
Buoyancy lag time 
 
As dissolution medium was imbibed into the beads, the interaction of 
acidic fluid with calcium carbonate resulted in the formation and 
entrapment of carbon dioxide gas within the swollen gel thus, causing 
floatation as the matrix volume expanded and its density decreased. 
Therefore effervescent system was chosen to compromise the matrix 
integrity with the possible shortest lag time. The floating lag time for all 
the Formulation was tested in USP XXIII TYPE II dissolution apparatus 
containing 900 ml of acidic buffer pH1.2, using paddle at a rotational 
speed of 75 rpm. This found in the range of 28-34 sec. 
 
Total floating time 
 
Formulation F1, F2, F3, F4, F5 Showed floating time less than 8 hrs and F6 
To F13 Showed floating time of less than 12 hrs. 

 
Effect on swelling index 
 
The swelling characteristics were expressed in terms of percentage water 
uptake (WU %) swelling behavior is an essential property for uniform 
release of drug. The rate and extent of swelling increased with an 
increasing concentration of polymer in the formulation. The maximum 
swelling index was observed in formulations containing Guar gum, 
Chitosan and Pectin. 
 
Drug and Polymer Compatibility Study  
 
FTIR Spectroscopy  
 
IR Spectra of Tizanidine HCL showed major peaks at 1645.33 (C=N 
Stretch), 3074.33 (C-H Stretch), 3244.38 (NH Stretch). These peaks were 
not affected and prominently observed in IR spectra of TZD along with 
polymers. This indicates there is no interaction between TZD and 
polymers (Figures 3 and 4). 
 
 

Table 3. Floating Lag Time and Floating Time of Formulations. 
 

Formulation 
Code 

Floating Lag 
Time (Sec) 

Floating Time 
(Hrs) 

Swelling 
Ratio 

F1 30 < 8 10.23 
F2 32 < 8 10.43 
F3 30 < 8 10.05 
F4 30 < 8 10.41 
F5 34 < 8 10.01 
F6 31 < 12 10.76 
F7 32 < 12 10.84 
F8 28 < 12 11.16 
F9 28 < 12 11.23 

F10 26 < 12 11.59 
F11 30 < 12 11.56 
F12 32 < 12 10.89 
F13 30 < 12 11.05 

 
 

 
 
Figure 3. FTIR of Tizanidine HCL 
 

 
 
Figure 4. FTIR Spectra of (A) Tizanidine-HPMC; (B) Tizanidine-Na 

Alginate; (C) Tizanidine-Guar Gum and (D) Tizanidine-Chitosan 
 
Differential Scanning Calorimetry 
 
DSC Study showed sharp peak at 2920 C, These are temperature 
correspond to the MP of Tizanidine HCL.From the above interpretation it 
is understood that there is no major shifting in the frequencies of above 
said functional groups of Tizanidine HCL was identified which indicates 
that there is no chemical interaction between Tizanidine HCL and 
polymers which were used in the formulations. 
 

 
 
Figure 5. DSC Thermograms of (T1) Tizanidine HCL; (T2) Tizanidine-

HPMC; (T3) Tizanidine-Na Alginate; (T4) Tizanidine-Guar Gum 
and (T5) Tizanidine+Chitosan+Guar gum+Pectin 
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In-vitro Drug Release Studies 
 
The formulation prepared without copolymer showed the drug release 
rate i.e 93.67% in 8 h. The formulation F4-F5 showed drug release rate 
was found to be 70.61%, 86.93% respectively in 8 h. The formulation F6-
F7 showed drug release rate was found to be 84.83%, 88.74% 
respectively in 8 h. From the above result it is concluded that the polymer 
Chitosan in combination with guar gum & HPMC shows more sustained 
activity than Pectin. The formulation F8, F9, F10 showed drug release rate 
was found to be 76.73%, 69.60%, 65.83% respectively in 8 h.  The 
formulation F11, F12, F13 showed drug release rate was found to be 
79.76%, 74.63%, 68.50% respectively in 8 h. It shows that as the conc. of 
Chitosan increases the Drug release rate is decreased. But the 
formulations F10, F13 show retard release rate. From the two optimized 
formulation F10 is considered to be the most appropriate formulation.  In 
these further studies were carried out such as comparison of effect of 
polymers. 
 

 
 
Figure 6. In-Vitro release from F1-F13 
 
Drug Release Kinetics 
 
The model that gives high ‘R’ value is considered as the best fit model for 
the release data. For formulation F5, F6, F7, F8, F11 and F12 best fit in 
First order. Table no (8.1) indicates the best fit model for release pattern 
of drug. The release exponent for all the formulations as per Korsmeyer 
Peppas model was calculated. If value of n is 0.5, it indicates Fickian 
release and value 1.0 indicates zero-order kinetics, while n values 
between 0.5 and 1.0 are indicative of non-Fickian, “anomalous” release. 
The value for release exponent for all the formulation ranges from 0.49 to 
0.72.  
 
Table 4. Various Kinetic Data of Drug-Loaded Microbeads 
 
Formulations Zero 

order                  
(r) 

First 
order 

(r) 

Higuchi 
(r) 

Korsemeyr         
(r) 

‘n’- 
Values 

F1 0.9656 0.973 0.995 0.9984 0.5174 
F2 0.9739 0.9844 0.986 0.9808 0.5345 
F3 0.9735 0.9844 0.994 0.9931 0.4955 
F4 0.9913 0.9943 0.992 0.9937 0.6276 
F5 0.9555 0.9962 0.987 0.988 0.5171 
F6 0.9646 0.9969 0.991 0.987 0.5781 
F7 0.947 0.9953 0.984 0.995 0.5337 
F8 0.9689 0.9891 0.983 0.9757 0.6399 
F9 0.9925 0.9943 0.992 0.9958 0.6763 

F10 0.9945 0.9952 0.990 0.9951 0.7227 
F11 0.9523 0.9916 0.986 0.9901 0.6042 
F12 0.9814 0.9858 0.977 0.9538 0.5643 
F13 0.9926 0.9913 0.987 0.9907 0.6615 

 
Table 5. Drug release mechanism by applying Peppas model 
 

Formulation 
Code 

Release 
exponent (n) 

r 
Order 
of release 

F10 0.72 0.995 Non-Fickian 
F13 0.66 0.990 Non- Fickian 

 
Comparison of different Polymers 
 
From the observation it is concluded that formulation containing Guar 
gum, Chitosan. Pectin, HPMC i.e F10 & F13 shows the better sustained 
release and having good swelling properties. 
 
 
 

 Effect of HPMC on Drug Release 
 
 As HPMC used in combination with Chitosan and pectin result in 
reduction in drug release rate. The experimental results support this fact 
as shown in Figure 7. 
 

 
 
Figure 7. Effect of HPMC 
 
Effect of Chitosan on Drug Release 
 
 As Chitosan used in combination with HPMC and guar gum result in 
reduction in drug release rate. The experimental results support this fact 
as shown in Figure 8. 
 

 
 
Figure 8. Effect of Chitosan 
 
Effect of Pectin on Drug release 
 
To determine this effect, dissolution data of formulations F6, F7 
(Guargum:Pectin and HPMC:Pectin) were used for the Two-way ANOVA 
analysis. ANOVA results clearly showed that pectin affected drug release 
determined by paddle method significantly (P<0.0001). As pectin used in 
combination with HPMC and guargum result in reduction in drug release 
rate. Form the graphical representation it is concluded that the polymer 
Pectin in combination with Guar gum (F6) shows more sustained release 
activity than in combination with HPMC (F7).  The experimental results 
support this fact as shown in Figure 9. 
 

 
 
Figure 9. Effect of Pectin 
 

 
 
Figure 10. Effect of Guar gum 
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Effect of Guar gum on Drug Release 
 
As Guar gum used in combination with Chitosan and Pectin result in 
reduction in drug release rate. The experimental results support this fact. 
as shown in Figure10. 
 
The drug release from F4 (Guar-gum & Chitosan) shows that, as Guar-
gum used in combination with Chitosan, the drug release of formulation is 
decreases as compare to F2 (Guar gum) & F6 (Guar gum+ Pectin).  From 
the above observation it is concluded that formulation F4 (Guar-gum & 
Chitosan) is the best formulation among all other 3 formulations because 
it is showing sustained release of drug from beads formulations. 
 
Effect of concentration of Guar gum, Chitosan and Pectin 
 
The effect of combination of Guar gum (0.5%) with Chitosan (0.35%), 
Pectin (0.15%)  F10 retard the drug release significantly (P<0.0001) and 
retarded the drug release by paddle method and shows more sustained 
activity than the combination of Guar gum (0.5%) with Chitosan (0.15%, 
0.25%), Pectin (0.35%, 0.25%) respectively, Formulation (F8, F9). The 
order of drug release, F8>F9>F10 
 

 
 
Figure 11. Effect of Guar gum, Chitosan and Pectin 
 
Effect of concentration of HPMC, Chitosan and Pectin 
 
That the effect of concentration of HPMC (0.5%), Chitosan (0.15%, 0.25%, 
0.35%), Pectin (0.35%, 0.25%, 0.15%) respectively affect the drug release 
significantly (P<0.0001) and retarded the drug release by paddle method. 
From the above observation it is concluded that combination HPMC 
(0.5%), with Chitosan (0.15%, 0.25%), Pectin (0.35%, 0.25%) ie.F11, F12 
respectively affect the drug release significantly (P<0.0001) and retard 
the drug release, but fails to achieve the significant sustained drug release 
from the formulations. While the Formulation F13 having combination of 
HPMC (0.5) With Chitosan(0.35%), Pectin (0.15) not only retard the drug 
release but shows sustained drug release action. The order of Drug 
release:    F11>F12>F13. 
 

 
 
Figure 12. Effect of HPMC, Chitosan and Pectin 
 
Stability Study  
 
At the end of one month, formulation F10 & F13 was tested for different 
parameters such as Entrapment Efficiency, Dissolution Study. The results 
observed are reported in Table No. 6. 
 
Table 6. Results of Stability Study 
 

Formulation 
code 

Drug entrapment (%) Drug release rate (%) 

F10 74.30 ±0.14 64.69±0.43 
F13 70.35±0.56 67.75 ±0.27 

From the results of dissolution test of optimized formulation, there is no 
significant change in dissolution release rate pattern of formulation after 
stability study. 
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