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Abstract 
The present study aimed to formulate and evaluate Tizanidine Hydrochloride-loaded nanostructured lipid carriers 
(NLCs) incorporated into mucoadhesive buccal films for sustained drug delivery. Tizanidine Hydrochloride is a 
centrally acting muscle relaxant with a short half-life and extensive first-pass metabolism. Nanostructured lipid 
carriers were prepared using glyceryl monostearate as the solid lipid, Capryol® 90 as the liquid lipid, Tween® 80 as 
the surfactant, and Poloxamer 188 as the co-surfactant. The optimized NLC formulation, TF4, showed a particle size 
of 182.3 ± 2.9 nm, a polydispersity index of 0.214 ± 0.012, a zeta potential of −31.6 ± 1.4 mV, entrapment efficiency 
of 89.6 ± 0.9%, and drug loading of 7.52 ± 0.09%. The optimized NLCs were incorporated into mucoadhesive 
buccal films using hydroxypropyl methylcellulose E15 and Carbopol 934P. Among the prepared films, BF5 
exhibited satisfactory physicochemical and mechanical properties, including a thickness of 0.138 ± 0.004 mm, 
folding endurance of 174 ± 5 folds, surface pH of 6.18 ± 0.05, and drug content of 98.64 ± 0.72%. The formulation 
achieved 91.4% cumulative drug release over 8 hours. Release kinetic analysis showed the best fit with the Higuchi 
model ((R^2 = 0.9982)), suggesting diffusion-controlled release. Three-month stability studies showed that the 
optimized film retained satisfactory physical and physicochemical characteristics. These findings indicate that NLC-
based mucoadhesive buccal films may offer a promising approach for the sustained delivery of Tizanidine 
Hydrochloride. Further permeation and in-vivo studies are required to establish their therapeutic performance. 
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Introduction 
Tizanidine Hydrochloride is a centrally acting 
skeletal muscle relaxant used for the management of 
muscle spasticity associated with neurological 
disorders such as multiple sclerosis and spinal cord 
injury. It acts as an α₂-adrenergic receptor agonist and 
reduces the release of excitatory neurotransmitters at 
the spinal cord level, thereby decreasing excessive 
muscle tone. Despite its therapeutic usefulness, 
Tizanidine Hydrochloride has a relatively short 
elimination half-life and undergoes extensive hepatic 
first-pass metabolism. These properties may limit its 
systemic availability and duration of action, making 
the development of alternative drug delivery systems 
an important area of pharmaceutical research. 
Buccal drug delivery is a promising alternative to 
conventional oral administration. The buccal mucosa 
is well vascularized and provides an accessible route 
for drug absorption. Drug delivery through this route 
can reduce exposure to gastrointestinal conditions 
and may partially bypass hepatic first-pass 
metabolism. Mucoadhesive buccal films are thin, 

flexible dosage forms designed to remain attached to 
the inner surface of the cheek. Their prolonged 
contact with the mucosa may support controlled drug 
release and improve convenience of administration. 
However, the performance of buccal films depends 
on their adhesion, mechanical strength, surface pH, 
drug content, hydration and drug permeation 
characteristics. 
Nanostructured lipid carriers (NLCs) are lipid-based 
nanocarriers composed of solid and liquid lipids 
stabilized by suitable surfactants. The combination of 
these lipids creates a less ordered matrix that may 
improve drug incorporation and reduce drug 
expulsion during storage. NLCs can also provide 
controlled drug release and protect the incorporated 
drug from environmental degradation. Their 
incorporation into mucoadhesive buccal films 
combines the drug-carrying properties of lipid 
nanoparticles with the prolonged mucosal residence 
provided by the polymeric film. This approach may 
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improve drug retention at the administration site and 
support sustained delivery. 
The selection of suitable lipids, surfactants and film-
forming polymers is essential for developing an 
effective formulation. Glyceryl monostearate can 
serve as the solid lipid, while Capryol® 90 acts as the 
liquid lipid. Tween® 80 and Poloxamer 188 can 
support the formation and stabilization of the NLC 
dispersion. Hydroxypropyl methylcellulose E15 and 
Carbopol 934P can provide film formation and 
mucoadhesive properties. The prepared formulation 
must be evaluated for particle size, polydispersity 
index, zeta potential, entrapment efficiency, drug 
loading, film thickness, folding endurance, surface 
pH, drug content, mucoadhesive strength, in-vitro 
drug release and stability. 
The present study focuses on the formulation, 
development and evaluation of Tizanidine 
Hydrochloride-loaded nanostructured lipid carriers 
incorporated into mucoadhesive buccal films. The 
optimized formulation is assessed for its 
physicochemical properties, mechanical 
characteristics, drug-release behaviour and stability. 
The study aims to determine whether combining 
NLCs with a mucoadhesive film can provide 
satisfactory formulation characteristics and sustained 
in-vitro drug release. Further permeation, 
pharmacokinetic and in-vivo studies would be 
required to establish its clinical relevance. 
Methods 
4.1 Materials 
Tizanidine Hydrochloride was used as the model 
drug. Glyceryl monostearate (GMS), Capryol® 90, 
Tween® 80, and Poloxamer 188 were used for 
nanostructured lipid carrier (NLC) preparation. 
Hydroxypropyl methylcellulose E15 (HPMC E15) 
and Carbopol® 934P were used as film-forming and 
mucoadhesive polymers, respectively. Other 
excipients included polyethylene glycol 400, 
glycerol, and mannitol. 
Preparation of Nanostructured Lipid Carriers 
Tizanidine Hydrochloride-loaded NLCs were 
prepared using the hot homogenization–
ultrasonication method. GMS and Capryol® 90 were 
heated to 70 ± 2°C until the lipid phase melted, and 
the drug was added with continuous stirring. An 
aqueous phase containing Tween® 80 and Poloxamer 
188 was heated to the same temperature. The aqueous 
phase was added to the lipid phase and homogenized 
at 12,000–15,000 rpm for 10 minutes, followed by 
probe sonication for 5–10 minutes using alternating 
30-second on/off cycles. The resulting dispersion was 
cooled and stored at 4 ± 2°C. The formulations were 
evaluated for particle size, polydispersity index, zeta 
potential, entrapment efficiency, and drug loading. 
Preparation of Mucoadhesive Buccal Films 

The optimized NLC formulation was incorporated 
into mucoadhesive buccal films using the solvent-
casting method. HPMC E15 and Carbopol® 934P 
were dispersed in the suitable aqueous medium and 
allowed to hydrate. The optimized NLC dispersion, 
plasticizer, and other required excipients were 
incorporated with continuous stirring to obtain a 
uniform casting mixture. The mixture was poured 
into suitable moulds and dried under controlled 
conditions. The dried films were carefully removed 
and stored in airtight containers until evaluation. 
Evaluation of Buccal Films 
The prepared films were evaluated for thickness, 
folding endurance, surface pH, drug content, tensile 
strength, percentage elongation, and mucoadhesive 
strength. In-vitro drug release was studied using a 
suitable dissolution setup, and the release data were 
fitted to zero-order, first-order, Higuchi, and 
Korsmeyer–Peppas kinetic models. The optimized 
formulation was subjected to stability studies under 
the selected storage conditions for three months, with 
changes in drug content, folding endurance, and 
mucoadhesive strength recorded. 
Results and Discussion 
The results of the preformulation studies, 
optimization of Tizanidine Hydrochloride-loaded 
nanostructured lipid carriers (NLCs), preparation of 
mucoadhesive buccal films, in-vitro drug release, 
release kinetics, and stability evaluation are 
summarized below. Numerical results and embedded 
figures are reproduced from the supplied thesis 
chapter; they have not been independently re-
analysed. 
Preformulation and Drug–Excipient 
Compatibility 
Tizanidine Hydrochloride was reported as a white to 
slightly yellowish-white crystalline powder. Its 
melting point was 289.5 ± 0.5°C, maximum 
ultraviolet absorption was observed at 230 nm, and 
the calibration curve was linear over 2–20 µg/mL (R² 
= 0.9998). FTIR and DSC results reported in the 
thesis indicated no major incompatibility with the 
selected excipients. 
Table 1. Organoleptic properties of Tizanidine 
Hydrochloride 
S. 
No. 

Parameter Observation 

1 Colour White to slightly yellowish-
white 

2 Appearance Fine crystalline powder 
3 Odour Odourless 
4 Physical 

state 
Solid 

5 Texture Fine, smooth and crystalline 
6 General 

observation 
Uniform powder without 
visible foreign particles 
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Table 2. Solubility of Tizanidine Hydrochloride in 
solvents and selected excipients 
S. 
No. 

Solvent/Excipient Solubility 
(mg/mL) 

Solubility 
Character 

1 Distilled water 0.92 ± 0.03 Freely 
soluble 

2 Methanol 1.68 ± 0.04 Freely 
soluble 

3 Ethanol 0.38 ± 0.02 Slightly 
soluble 

4 Phosphate buffer 
pH 6.8 

2.04 ± 0.05 Freely 
soluble 

5 Glyceryl 
Monostearate 
(GMS) 

0.31 ± 0.02 Slightly 
soluble 

6 Capryol® 90 5.82 ± 0.08 Highly 
soluble 

7 Tween® 80 8.64 ± 0.11 Highly 
soluble 

8 Poloxamer 188 6.27 ± 0.09 Highly 
soluble 

Table 3. Calibration data for Tizanidine 
Hydrochloride 
S. No. Concentration 

(µg/mL) 
Absorbance 

1 2 0.147 

2 4 0.294 

3 6 0.438 

4 8 0.586 

5 10 0.731 

6 12 0.877 

7 14 1.024 

8 16 1.168 

9 18 1.316 

10 20 1.459 

Table 4. Summary of ultraviolet 
spectrophotometric analysis 
Parameter Result 

Wavelength 230 nm 

Linearity range 2–20 µg/mL 

Regression equation Y = 0.0731X + 
0.0017 

Slope 0.0731 

Intercept 0.0017 

Correlation coefficient (R²) 0.9998 

Table 5. FTIR compatibility observations 
S. 
No. 

Characteristic 
peak of drug 
(cm⁻¹) 

Physical 
mixture 
peak (cm⁻¹) 

Observation 

1 3310 3305 No 
significant 
change 

2 3060 3056 No 
significant 
change 

3 2925 2922 No 
significant 
change 

4 1610 1607 No 
significant 
change 

5 1545 1542 No 
significant 
change 

6 1320 1317 No 
significant 
change 

7 760 758 No 
significant 
change 

8 690 688 No 
significant 
change 

Preliminary Screening and Optimization of NLCs 
Five preliminary formulations (TF1–TF5) were 
screened. Particle size ranged from 182.3 ± 2.9 to 
286.4 ± 4.8 nm, while entrapment efficiency ranged 
from 72.6 ± 1.4% to 89.6 ± 0.9%. TF4 showed the 
smallest particle size and highest entrapment 
efficiency among the preliminary batches and was 
selected for further characterization. 
Table 6. Preliminary NLC appearance and 
physical stability 
Formula
tion 

Appear
ance 

Homoge
neity 

Phase 
Separa
tion 

Physic
al 
Stabili
ty 

TF1 Milky 
dispersi
on 

Moderat
e 

Slight Mode
rate 

TF2 Unifor
m milky 
dispersi
on 

Good Not 
observ
ed 

Good 

TF3 Unifor
m milky 
dispersi
on 

Good Not 
observ
ed 

Good 
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TF4 Smooth, 
uniform 
dispersi
on 

Very 
good 

Not 
observ
ed 

Very 
good 

TF5 Slightly 
viscous 
dispersi
on 

Good Slight Good 

Table 7. Particle size of preliminary NLC 
formulations 

Formulation Particle Size (nm) 
TF1 286.4 ± 4.8 
TF2 238.7 ± 3.9 
TF3 214.6 ± 3.5 
TF4 182.3 ± 2.9 
TF5 205.8 ± 3.7 

Table 8. Entrapment efficiency of preliminary 
NLC formulations 

Formulation Entrapment Efficiency (%) 
TF1 72.6 ± 1.4 
TF2 78.9 ± 1.2 
TF3 83.7 ± 1.1 
TF4 89.6 ± 0.9 
TF5 86.8 ± 1.0 

Table 9. Comparative selection of preliminary 
NLC formulations 
Formulat
ion 

Parti
cle 
Size 
(nm) 

Entrapm
ent 
Efficienc
y (%) 

Physic
al 
Stabilit
y 

Overall 
Evaluat
ion 

TF1 286.4 
± 4.8 

72.6 ± 
1.4 

Moder
ate 

Unsuita
ble 

TF2 238.7 
± 3.9 

78.9 ± 
1.2 

Good Suitable 

TF3 214.6 
± 3.5 

83.7 ± 
1.1 

Good Suitable 

TF4 182.3 
± 2.9 

89.6 ± 
0.9 

Very 
good 

Selected 

TF5 205.8 
± 3.7 

86.8 ± 
1.0 

Good Suitable 

Characterization of Optimized NLC Formulation 
(TF4) 
The optimized TF4 formulation showed a mean 
particle size of 182.3 ± 2.9 nm, PDI of 0.214 ± 0.012, 
zeta potential of −31.6 ± 1.4 mV, entrapment 
efficiency of 89.6 ± 0.9%, and drug loading of 7.52 ± 
0.09%. Transmission electron microscopy described 
predominantly spherical to slightly oval particles with 
smooth surfaces and no significant aggregation. 
Table 10. Particle size of optimized TF4 
Parameter Result 
Mean particle size 182.3 ± 2.9 nm 
Number of 
measurements 

3 

Measurement technique Dynamic Light 

Scattering 
Temperature 25 ± 1°C 
Table 11. Polydispersity index of optimized TF4 
Parameter Result 
PDI 0.214 ± 0.012 
Number of 
measurements 

3 

Interpretation Narrow and relatively uniform 
particle-size distribution 

Table 12. Zeta potential of optimized TF4 
Parameter Result 
Zeta potential −31.6 ± 1.4 mV 
Number of 
measurements 

3 

Surface charge Negative 
Interpretation Good physical stability 
Table 13. Entrapment efficiency of optimized TF4 
Parameter Result 

Entrapment efficiency 89.6 ± 0.9% 

Number of 
measurements 

3 

Interpretation High drug entrapment 

Table 14. Drug loading of optimized TF4 
Parameter Result 

Drug loading 7.52 ± 0.09% 

Number of 
measurements 

3 

Interpretation Good drug 
incorporation 

Table 15. Morphological observations of optimized 
TF4 
Parameter Observation 

Particle shape Spherical to slightly 
oval 

Surface characteristics Smooth 

Particle distribution Relatively uniform 

Aggregation Not prominently 
observed 

Overall morphology Satisfactory 

Table 16. Stability observations for optimized 
NLC at refrigerated conditions 
Paramete
r 

0 
Month 

1 
Month 

2 
Month
s 

3 
Month
s 

Appearan
ce 

Unifor
m 

Unifor
m 

Unifor
m 

Unifor
m 

Particle 
size (nm) 

182.3 ± 
2.9 

183.1 ± 
3.0 

184.0 ± 
3.2 

185.2 ± 
3.4 

PDI 0.214 ± 
0.012 

0.216 ± 
0.013 

0.218 ± 
0.014 

0.221 ± 
0.015 

Zeta 
potential 

−31.6 ± 
1.4 

−31.2 ± 
1.4 

−30.9 ± 
1.5 

−30.6 ± 
1.5 



Development and Evaluation of Tizanidine Hydrochloride-Loaded Nano-structured Lipid Carriers in Mucoadhesive 
Buccal Films for Enhanced Permeation 

 IJDDT Volume 16 Issue 88s 2026 Page: 1129 

(mV) 
Entrapme
nt 
efficiency 

89.6 ± 
0.9 

89.2 ± 
0.9 

88.9 ± 
1.0 

88.5 ± 
1.1 

Table 17. Stability observations for optimized 
NLC at room temperature 
Paramete
r 

0 
Month 

1 
Month 

2 
Month
s 

3 
Month
s 

Appearan
ce 

Unifor
m 

Unifor
m 

Unifor
m 

Unifor
m 

Particle 
size (nm) 

182.3 ± 
2.9 

184.0 ± 
3.1 

186.2 ± 
3.3 

188.5 ± 
3.6 

PDI 0.214 ± 
0.012 

0.219 ± 
0.013 

0.224 ± 
0.014 

0.231 ± 
0.016 

Zeta 
potential 
(mV) 

−31.6 ± 
1.4 

−31.0 ± 
1.4 

−30.5 ± 
1.5 

−29.8 ± 
1.6 

Entrapme
nt 
efficiency 
(%) 

89.6 ± 
0.9 

89.0 ± 
1.0 

88.4 ± 
1.0 

87.8 ± 
1.1 

Preparation and Evaluation of Mucoadhesive 
Buccal Films 
Nine NLC-loaded films (BF1–BF9) were prepared 
using HPMC E15 and Carbopol 934P. The films were 
evaluated for appearance, thickness, weight variation, 
folding endurance, surface pH, drug content, 
moisture content, moisture uptake, swelling, tensile 
strength, elongation, and mucoadhesive strength. BF5 
showed the most balanced overall characteristics, 
including thickness of 0.138 ± 0.004 mm, folding 
endurance of 174 ± 5 folds, surface pH of 6.18 ± 
0.05, drug content of 98.64 ± 0.72%, tensile strength 
of 2.31 ± 0.07 N/mm², and elongation of 59.7 ± 2.3%. 
Table 18. Physical appearance of BF1–BF9 
For
mula
tion 

C
ol
ou
r 

Tran
spare
ncy 

Smo
othn
ess 

Fle
xibi
lity 

Unif
orm
ity 

Ai
r 
bu
bb
les 

Cr
ac
ks 

BF1 Pa
le 
w
hit
e 

Sligh
tly 
trans
lucen
t 

Smo
oth 

Go
od 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF2 Pa
le 
w
hit
e 

Sligh
tly 
trans
lucen
t 

Smo
oth 

Go
od 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF3 Pa
le 
w
hit

Tran
sluce
nt 

Smo
oth 

Go
od 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

e 
BF4 Pa

le 
w
hit
e 

Tran
sluce
nt 

Very 
smo
oth 

Ver
y 
goo
d 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF5 Pa
le 
w
hit
e 

Tran
sluce
nt 

Very 
smo
oth 

Ver
y 
goo
d 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF6 Pa
le 
w
hit
e 

Sligh
tly 
trans
lucen
t 

Smo
oth 

Go
od 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF7 Pa
le 
w
hit
e 

Sligh
tly 
opaq
ue 

Smo
oth 

Go
od 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF8 Pa
le 
w
hit
e 

Sligh
tly 
opaq
ue 

Smo
oth 

Go
od 

Unif
orm 

Ab
se
nt 

A
bs
en
t 

BF9 Pa
le 
w
hit
e 

Sligh
tly 
opaq
ue 

Smo
oth 

Mo
der
ate 

Unif
orm 

Ab
se
nt 

Sli
gh
t 

Table 19. Thickness of BF1–BF9 
Formulation Thickness (mm) 
BF1 0.118 ± 0.004 
BF2 0.123 ± 0.003 
BF3 0.128 ± 0.004 
BF4 0.132 ± 0.003 
BF5 0.138 ± 0.004 
BF6 0.144 ± 0.003 
BF7 0.147 ± 0.004 
BF8 0.153 ± 0.003 
BF9 0.159 ± 0.004 

Table 20. Weight variation of BF1–BF9 
Formulation Average 

Weight (mg) 
Weight 
Variation (%) 

BF1 48.6 ± 1.2 2.47 
BF2 49.8 ± 1.1 2.21 
BF3 51.2 ± 1.3 2.54 
BF4 53.6 ± 1.1 2.05 
BF5 55.1 ± 1.2 2.18 
BF6 56.8 ± 1.3 2.29 
BF7 58.7 ± 1.4 2.39 
BF8 60.4 ± 1.3 2.15 
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BF9 62.1 ± 1.5 2.42 
Table 21. Folding endurance of BF1–BF9 
Formulation Folding Endurance 

(folds) 
BF1 142 ± 5 

BF2 151 ± 4 

BF3 158 ± 5 

BF4 166 ± 4 

BF5 174 ± 5 

BF6 169 ± 4 

BF7 161 ± 5 

BF8 154 ± 4 

BF9 146 ± 5 

Table 22. Surface pH of BF1–BF9 
Formulation Surface pH 
BF1 6.32 ± 0.05 
BF2 6.28 ± 0.04 
BF3 6.24 ± 0.05 
BF4 6.20 ± 0.04 
BF5 6.18 ± 0.05 
BF6 6.15 ± 0.04 
BF7 6.12 ± 0.05 
BF8 6.08 ± 0.04 
BF9 6.05 ± 0.05 

Table 23. Drug content of BF1–BF9 
Formulation Drug Content (%) 
BF1 96.42 ± 1.18 
BF2 97.15 ± 1.06 
BF3 97.63 ± 0.94 
BF4 98.12 ± 0.86 
BF5 98.64 ± 0.72 
BF6 98.31 ± 0.81 
BF7 97.86 ± 0.89 
BF8 97.42 ± 0.97 
BF9 96.94 ± 1.05 

Table 24. Moisture content of BF1–BF9 
Formulation Moisture Content (%) 

BF1 3.42 ± 0.18 

BF2 3.58 ± 0.16 

BF3 3.71 ± 0.17 

BF4 3.84 ± 0.15 

BF5 4.02 ± 0.16 

BF6 4.18 ± 0.17 

BF7 4.31 ± 0.18 
BF8 4.45 ± 0.16 

BF9 4.62 ± 0.19 

Table 25. Moisture uptake of BF1–BF9 

Formulation Moisture Uptake (%) 
BF1 7.82 ± 0.31 
BF2 8.16 ± 0.29 
BF3 8.54 ± 0.33 
BF4 8.91 ± 0.30 
BF5 9.28 ± 0.32 
BF6 9.64 ± 0.35 
BF7 10.02 ± 0.34 
BF8 10.38 ± 0.36 
BF9 10.76 ± 0.38 

Table 26. Swelling index of BF1–BF9 
Formulation 30 min 60 min 90 min 120 

min 
BF1 42.6 ± 

1.2 
61.8 ± 
1.5 

74.2 ± 
1.7 

82.5 ± 
1.9 

BF2 45.3 ± 
1.3 

65.4 ± 
1.6 

78.6 ± 
1.8 

87.2 ± 
2.0 

BF3 48.1 ± 
1.4 

69.7 ± 
1.7 

82.4 ± 
1.9 

91.5 ± 
2.1 

BF4 51.8 ± 
1.5 

73.6 ± 
1.8 

87.3 ± 
2.0 

96.4 ± 
2.2 

BF5 55.2 ± 
1.6 

77.9 ± 
1.9 

92.1 ± 
2.1 

101.8 
± 2.4 

BF6 57.1 ± 
1.5 

79.8 ± 
1.8 

94.5 ± 
2.0 

105.2 
± 2.3 

BF7 59.4 ± 
1.6 

82.6 ± 
1.9 

97.8 ± 
2.2 

109.6 
± 2.5 

BF8 61.7 ± 
1.7 

85.4 ± 
2.0 

101.3 
± 2.3 

113.8 ± 
2.6 

BF9 63.2 ± 
1.8 

87.1 ± 
2.1 

104.6 
± 2.4 

117.5 ± 
2.7 

Table 27. Tensile strength of BF1–BF9 
Formulation Tensile Strength 

(N/mm²) 
BF1 1.82 ± 0.08 

BF2 1.94 ± 0.07 

BF3 2.06 ± 0.09 

BF4 2.18 ± 0.08 

BF5 2.31 ± 0.07 

BF6 2.45 ± 0.08 

BF7 2.58 ± 0.09 

BF8 2.71 ± 0.08 

BF9 2.84 ± 0.10 

Table 28. Percentage elongation of BF1–BF9 
Formulation Percentage Elongation 

(%) 
BF1 48.6 ± 2.1 
BF2 51.2 ± 2.0 
BF3 53.8 ± 2.2 
BF4 56.4 ± 2.1 
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BF5 59.7 ± 2.3 
BF6 57.8 ± 2.0 
BF7 55.1 ± 2.2 
BF8 52.6 ± 2.1 
BF9 49.8 ± 2.4 
Table 29. Overall evaluation of BF1–BF9 
Form
ulatio
n 

Thic
knes
s 
(mm
) 

Foldi
ng 
Endu
rance 
(folds
) 

Sur
fac
e 
pH 

Dru
g 
Co
nte
nt 
(%) 

Ten
sile 
Stre
ngt
h 
(N/
mm
²) 

Elon
gatio
n 
(%) 

BF1 0.118 142 6.3
2 

96.4
2 

1.82 48.6 

BF2 0.12
3 

151 6.2
8 

97.1
5 

1.94 51.2 

BF3 0.12
8 

158 6.2
4 

97.6
3 

2.06 53.8 

BF4 0.13
2 

166 6.2
0 

98.1
2 

2.18 56.4 

BF5 0.13
8 

174 6.1
8 

98.6
4 

2.31 59.7 

BF6 0.14
4 

169 6.1
5 

98.3
1 

2.45 57.8 

BF7 0.14
7 

161 6.1
2 

97.8
6 

2.58 55.1 

BF8 0.15
3 

154 6.0
8 

97.4
2 

2.71 52.6 

BF9 0.15
9 

146 6.0
5 

96.9
4 

2.84 49.8 

In-vitro Drug Release 
In-vitro release was evaluated up to 8 hours using 
phosphate buffer pH 6.8 in a Franz diffusion cell, as 
described in the thesis. Cumulative release from 
BF1–BF9 at 8 hours ranged from 87.8% to 91.4%; 
BF5 showed 91.4% release at 8 hours. The release 
profile indicates gradual drug release over the test 
period under the reported in-vitro conditions. 
Table 30. Cumulative percentage drug release of 
BF1–BF9 
Formu
lation 

0.
5 
h 

1 
h 

2 
h 

3 
h 

4 
h 

5 
h 

6 
h 

7 
h 

8 
h 

BF1 1
2.
4 

2
3.
8 

3
8.
6 

5
1.
2 

6
2.
7 

7
1.
8 

7
9.
6 

8
5.
3 

8
9.
2 

BF2 11
.8 

2
2.
9 

3
7.
4 

5
0.
6 

6
2.
1 

7
1.
5 

7
9.
8 

8
5.
9 

9
0.
1 

BF3 11
.2 

2
1.
8 

3
6.
2 

4
9.
5 

6
1.
4 

7
0.
9 

7
9.
4 

8
6.
2 

9
0.
8 

BF4 1
0.
6 

2
0.
9 

3
4.
8 

4
7.
8 

5
9.
8 

6
9.
5 

7
8.
3 

8
5.
4 

9
0.
6 

BF5 1
0.
1 

2
0.
2 

3
3.
9 

4
6.
9 

5
8.
7 

6
8.
6 

7
7.
5 

8
4.
9 

9
1.
4 

BF6 9.
7 

1
9.
4 

3
2.
8 

4
5.
5 

5
7.
1 

6
7.
2 

7
6.
4 

8
4.
1 

9
0.
8 

BF7 9.
3 

1
8.
7 

3
1.
6 

4
4.
1 

5
5.
8 

6
5.
8 

7
5.
2 

8
3.
0 

8
9.
7 

BF8 8.
9 

1
7.
9 

3
0.
5 

4
2.
8 

5
4.
3 

6
4.
2 

7
3.
8 

8
1.
8 

8
8.
9 

BF9 8.
5 

1
7.
2 

2
9.
4 

4
1.
6 

5
2.
9 

6
2.
7 

7
2.
4 

8
0.
6 

8
7.
8 

Drug Release Kinetics 
The reported regression coefficients were 0.9803 for 
zero-order, 0.9699 for first-order, 0.9982 for Higuchi, 
and 0.9963 for Korsmeyer–Peppas. The Higuchi 
model provided the highest R² value. The 
Korsmeyer–Peppas diffusion exponent was n = 
0.8344, which the thesis interpreted as anomalous 
(non-Fickian) transport. 
Table 31. Comparison of drug release kinetic 
models 
Kinetic Model Regression 

Coefficient 
(R²) 

Interpretation 

Zero-order 0.9803 Good fit 

First-order 0.9699 Comparatively 
lower fit 

Higuchi 0.9982 Best fit 

Korsmeyer–
Peppas 

0.9963 Very good fit 

Stability of Optimized Buccal Film 
During the three-month stability assessment, BF5 
drug content changed from 98.64% initially to 
97.96% under long-term conditions (25 ± 2°C/60 ± 
5% RH) and 96.94% under accelerated conditions (40 
± 2°C/75 ± 5% RH). Folding endurance changed 
from 174 folds to 171 and 165 folds, respectively, 
while mucoadhesive strength changed from 28.6 g to 
27.9 g and 26.7 g. These results indicate some 
changes during storage; longer-term studies would be 
needed to establish shelf life. 
Table 32. Comparative stability results for 
optimized BF5 
Parameter Initial 3 Months 3 Months 
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Value at 25 ± 
2°C / 60 
± 5% RH 

at 40 ± 
2°C / 75 
± 5% RH 

Physical 
appearance 

Smooth, 
uniform 

Smooth, 
uniform 

Smooth, 
slight 
change 

Thickness 
(mm) 

0.138 0.140 0.144 

Folding 
endurance 
(folds) 

174 171 165 

Surface pH 6.18 6.15 6.10 
Drug content 
(%) 

98.64 97.96 96.94 

Mucoadhesive 
strength (g) 

28.6 27.9 26.7 

Figures  

 
Figure 1. Original embedded figure/image from the 
thesis chapter 

 
Figure 2. Original embedded figure/image from the 
thesis chapter 

 

Figure 3. Original embedded figure/image from the 
thesis chapter 

 
Figure 4. Original embedded figure/image from the 
thesis chapter 

 
Figure 5. Original embedded figure/image from the 
thesis chapter 

 
Figure 6. Original embedded figure/image from the 
thesis chapter 
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Figure 7. Original embedded figure/image from the 
thesis chapter 

 
Figure 8. Original embedded figure/image from the 
thesis chapter 

 
Figure 9. Original embedded figure/image from the 
thesis chapter 

 
Figure 10. Original embedded figure/image from 
the thesis chapter 

 
Figure 11. Original embedded figure/image from 
the thesis chapter 

 
Figure 12. Original embedded figure/image from 
the thesis chapter 

 
Figure 13. Original embedded figure/image from 
the thesis chapter 
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Figure 14. Original embedded figure/image from 
the thesis chapter 

 
Figure 15. Original embedded figure/image from 
the thesis chapter (image9.png). 
Summary and Conclusion 
The present study focused on the formulation and 
evaluation of Tizanidine Hydrochloride-loaded 
nanostructured lipid carriers (NLCs) incorporated 
into mucoadhesive buccal films for sustained drug 
delivery. The NLCs were prepared using glyceryl 
monostearate as the solid lipid, Capryol® 90 as the 
liquid lipid, Tween® 80 as the surfactant, and 
Poloxamer 188 as the co-surfactant. 
The optimized NLC formulation, TF4, showed a 
particle size of 182.3 ± 2.9 nm, a polydispersity index 
of 0.214 ± 0.012, a zeta potential of −31.6 ± 1.4 mV, 
an entrapment efficiency of 89.6 ± 0.9%, and drug 
loading of 7.52 ± 0.09%. The NLCs were 
subsequently incorporated into mucoadhesive buccal 
films prepared using HPMC E15 and Carbopol 934P. 
Among the nine film formulations (BF1–BF9), BF5 
showed the most suitable overall physicochemical 
and mechanical properties. It exhibited a thickness of 
0.138 ± 0.004 mm, folding endurance of 174 ± 5 
folds, surface pH of 6.18 ± 0.05, drug content of 
98.64 ± 0.72%, tensile strength of 2.31 ± 0.07 
N/mm², and percentage elongation of 59.7 ± 2.3%. 
The optimized film achieved 91.4% cumulative drug 
release over 8 hours. Release kinetic analysis showed 
the highest coefficient of determination for the 
Higuchi model (R² = 0.9982). The Korsmeyer–
Peppas model gave an exponent of 0.8344, 

suggesting anomalous or non-Fickian release 
behaviour. 
Three-month stability studies showed that the 
optimized film retained satisfactory characteristics, 
although some changes in drug content, folding 
endurance, and mucoadhesive strength were observed 
under the tested storage conditions. 
The study demonstrated the feasibility of developing 
Tizanidine Hydrochloride-loaded NLCs and 
incorporating them into mucoadhesive buccal films. 
The optimized NLC formulation showed nanosized 
particles, good entrapment efficiency, and suitable 
physicochemical characteristics. Among the prepared 
films, BF5 exhibited satisfactory mechanical 
properties, drug content, mucoadhesive strength, and 
sustained in-vitro drug release over 8 hours. 
The findings suggest that NLC-based mucoadhesive 
buccal films may be a promising formulation 
approach for the delivery of Tizanidine 
Hydrochloride. However, further ex-vivo permeation, 
pharmacokinetic, and in-vivo studies are necessary to 
establish its actual absorption, bioavailability, safety, 
and therapeutic effectiveness. 
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