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ABSTRACT 
 
Timolol maleate shows poor oral bioavailability predominantly due to presystemic metabolism in GIT. As an attempt to improve its bioavailability, the 
thermo reversible nanofabricated nasal in-situ gel was developed and evaluated. The in situ gel increases the contact of formulation with nasal mucosa 
thus improves the absorption of drug. The in-situ gelation was achieved by the use of poloxamer 407, which exhibit thermo reversible gelation property. 
It was found that increase in concentration of Carbopol 974P decreases gelation temperature and increases gel melting temperature of formulation. Gels 
were characterized for gelation temperature, rheology, pH, drug content, permeation studies, histopathological evaluation and polymer interaction study. 
The gelation temperature of all the gel formulations was found in range of 33-37°C. In ex vivo permeation study drug release from optimized formulation 
was found to be 80.65%. Rheological study of gel formulation shows that increase in polymer concentration, viscosity of the gel increases. Nanofabricated 
insitu gel was also prepared and evaluated for pH, drug content, viscosity, particle size and permeability. It showed increased drug permeation and 
residence time in nasal mucosa. Histopathological study shows there was no degeneration of nasal epithelium during usage of formuation. The results 
support the nanofabricated in-situ nasal gels as a best alternative form for timolol maleate. 
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INTRODUCTION 
 
 

For systemic effect of drug, oral delivery is the most desirable route but it 
always gives low bioavailability because of complexity. Transmucosal 
routes offer distinct advantages over oral delivery [1]. The nasal mucosa 
has been considered as a potential administration route to achieve faster 
and higher level of absorption especially for lipophilic, low molecular 
weight drugs [2,3], because nasal mucosa has the large surface area, 
porous endothelial membrane, and high total blood flow. 
Pharmacokinetic study shows intranasal administration circumvent first-
pass elimination [4,5].  Traditionally, the nasal route has been used for 
delivery of drugs for local treatment such as nasal congestion, allergy and 
infections. Nasal mucociliary clearance which results in reduced 
absorption of drug [6]. The most prominent advantage of the in-situ gel 
over the silent gel is that it is fluid like prior to contact with nasal mucosa, 
a feature that offers the convenience of administration for patients since 
it can be easily instilled as a drop allowing accurate drug dosing [7]. 
 
Timolol maleate (TM) is a nonselective beta-adrenergic receptor blocking 
agent. Its chemical name is (-)-1-(tertbutylamino)- 3-[(4-morpholino-
1,2,5-thiadiazol-3-yl)oxy]-2-propanol maleate [8]. TM is used in the 
management of hypertension, migraine, angina pectoris, myocardial 
infarction and glaucoma. The main limitation of therapeutic effectiveness 
of TM is its short biological half-life, higher frequency of drug dosing, 
extensive first pass metabolism and poor bioavailability by oral route. It is 
rapidly absorbed from gastrointestinal tract with peak plasma 
concentration after 1–2 hrs. and metabolized up to 80% in liver with a 
half-life of 3–4 hrs. [9,10]. Thus it is necessary to administer TM at daily 
larger doses (40–60 mg) to maintain therapeutic drug level [11].  Because 
of such limitations there is a need to find out few more alternatives for 
the oral delivery of TM. Nasal in situ gel is a good alternative for this drug [1]. 
 
Poloxamer 407 (PF127) consists of polyoxyethylene units (70%) and 
polyoxypropylene blocks (30%) which form micelles at low concentration 
and clear, thermoreversible gel at high concentrations [12,13]. At a 
concentration of 15% or higher in aqueous solution PF127 is transformed 
from sol to gel on heating to body temperature and this thermogelation is 
reversible upon cooling [14,15]. Modulating the gelation temperature of 
PF127 is important to formulated insitu gel that form a gel in nasal cavity 
at body temperature which results enhancement of residence time in the 
nasal cavity [16].  Carbopol (CP 974P) is negatively charged, weakly cross 
linked polyacrylic acid polymerized in ethyl acetate, 0.5% w/v solution 
gives viscosity in the range 4000–11000 cps at pH 7.5 [17]. After 
increasing temperature, the zigzag configuration of poloxamer 407 may 
be trans formed into a more closely packed arrangement in the lattice like 
pattern which leads to increase in the viscosity of the gel. Tsol-gel 
lowering effect of CP 974P might due to its ability to bind to PEO chains 
present in the poloxamer 407 molecules promoting dehydration and 
causing an increase in entanglement of adjacent molecules with  extensive 
intermolecular hydrogen bonding. 
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The objective of study is, to overcome the limitations of oral and 
parenteral routes of TM administration, and to exploit the potential of 
nasal route. Although the nasal epithelium is more permeable than the 
intestinal epithelium (molecular mass ‘‘cut- off’’ being ~1000 Da 
compared to ~500 Da for peroral route), the molecular mass cut-off of the 
nasal epithelium still excludes a lot of drug candidates [17]. Various 
attempts to overcome some of these problems include the use of different 
absorption enhancers such as fusidic acid derivatives, bile salts, 
cyclodextrins, surfactants, enzyme inhibitors [18]. Absorption 
enhancement has often been associated with some histopathological 
alterations of the nasal mucosa [19]. The main objective to formulate 
nanofabricated in situ gel using thermo reversible polymers for the nasal 
drug application of antihypertensive drug timolol maleate, which would 
enhance the nasal residence time of drug because of its sol-gel conversion 
after application [20]. It improves physicochemical properties of drug 
leads to increased permeability. 
 
MATERIAL AND METHOD  
 
Timolol maleate (TM) was obtained as a gift sample from FDC Ltd, 
Mumbai. Poloxamer 407(PF-127) was obtained from BASF Ltd Mumbai. 
Carbopol (C-974P) & Benzalkonium chloride was purchased from Hi-
Media Lab, Pvt Ltd. Mumbai. 
 
Preformulation study 
 
Solubility of timolol maleate 
 
The solubility of TM was obtained in water, phosphate buffer pH 7.4 & 5.5 
pH simulate nasal electrolyte solution (SNES) [21].  The study includes 
adding excess amount of drug in the solvent at 37°C and mixture was kept 
for 3 days for equilibrium. The solubility was determined by taking 
supernatant and analyzing it on UV spectrophotometer (Shimadzu 1800) 
[22]. The solubility of TM was shown in figure 1. 
 
Determination of λ max & calibration curve of Timolol Maleate 
 
A stock solution of 100 μg/ml of TM was prepared by dissolving 10 mg in 
100 ml of 5.5 pH SNES. Then further dilutions were prepared in range of 
0-30μg/ml. The resulting solution was scanned between 200 nm to 400 
nm using UV spectrophotometer [23-25]. 
 
FTIR Study 
 
FTIR spectra of pure drug, physical mixture A(TM+ PF-127), B(TM +PF-
127+ CP 974P) and C(TM) were obtained using KBr pellet method [26]. 
The spectrum is shown in figure 2. 
 
Method of in situ gel preparation 
 
In situ gel formulations were prepared by cold technique reported by 
Schmolka [26]. A weighed quantity of Carbopol 974P was mixed with 
distilled water with constant stirring on magnetic stirrer. The mixture 
was kept overnight to dissolve Carbopol 974P completely in distilled 
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water. Thermo-sensitive poloxamer 407 polymer was added into this 
mixture along with 50 mg timolol maleate to each formulation. 0.002 % 
w/v BKC was added as a preservative. The dispersion was kept in 
refrigerator until clear solution obtained [27]. The composition of 
formulation is given in table 1. 
 
Preparation of nanofabricated formulation 
 
Optimized formulation was treated for nanofabrication by using the 
Ultra-turex homogenizer. Two cycles at 10,000 rpm were given for 5 min, 
followed by sonication using probe sonicator (PCI analytics DP 120) for 
two minute. Then prepared nanofabricated formulation was evaluated for 
pH, particle size, gelation, gel melting temperature, viscosity, in vitro and 
Ex-vivo drug permeability, histopathology and stability. 
 
Evaluation of gel 
 
Clarity [27] 
 
The visual inspection of each formulation was done to test the clarity of 
the formulation.    
 
pH of formulation [27] 
 
pH of each formulation was determined by using pH meter (pH meter EQ-
610 Equip tonics instrument pvt. Ltd.). The results were shown in table 1. 
 
Drug content [28] 
 
0.5 ml of formulation was taken in 10 ml volumetric flask. In that 5 ml of 
5.5 pH SNES was added with gentle shaking and final volume was 
adjusted to 10 ml. Further one ml quantity from this solution was again 
diluted upto 10 ml with 5.5 pH SNES. Finally the absorbance of prepared 
solution was measured at 289.5 nm by using UV spectrophotometer. The 
results were shown in table 1.  
 
Measurement of the gelation temperatures and gel melting 
temperature [29] 
 
It was determined by using method described by Miller and Donovan 
technique. A 2ml aliquot of gel was transferred to a test tube, immersed in 
a water bath. The temperature of water bath was increased slowly and 
left to equilibrate for the 5 min at each new setting. The sample was then 
examined for the gelation, which was said to have occurred when the 
meniscus would no longer moves upon tilting through 1800

. Similarly gel 
melting temperature was determined with constant increment of 
temperature. Results were shown in table 1. 
 
Rheology [30-32] 
 
The rheological properties of the in situ gels were studied by the 
Brookfield viscometer (type DVT-II + PRO) using small volume adapter 
with spindle No.21.Viscosity of the formulation was measured at RT and 
at 35°C with 10 rpm shear rate. The results were shown in table 1. 
 
 In Vitro drug permeation from formulation [33,34] 
 
In vitro drug permeation study was performed by using the cellophane 
membrane dialysis tube. 1 g formulation filled in dialysis tube and it was 
dipped in 100 ml jacketed beaker which has water circulation. Study 
carried out for 8 hrs. The results were shown in table 2 and in figure 3 
graphs shown time vs % drug release. 
 
RESULTS AND DISCUSSION 
 
Preformulation study 
 
Solubility of TM 
 
 Solubility of timolol maleate was determined in different solvents. The 
Solubility of timolol maleate was observed in following order- 
 
5.5  pH  SNES  >  7.4  Phosphate buffer  >  distilled water. 
 
λ max & calibration of TM 
 
Timolol maleate exhibited λmax at 289.5 nm in 5.5 pH SNES. Linearity 
was observed in the range 0-30 µg/ml with r2 value of 0.999. 
 

Drug polymer interaction study  
 
In the IR spectra, it was observed that there was no shifting of IR bands of 
timolol maleate and physical mixture. This study revealed that non 
existence of interaction between drug and polymer. 
 
Clarity  
 
All formulation showed the clear visibility in appearance. 
 
pH of the formulation 
 
Lysozyme is formed in the nasal secretions, which is responsible for 
destroying certain microbes at acidic pH. Under alkaline pH lysozyme is 
inactive and nasal tissue is susceptible to microbial infection. It is 
therefore advisable to keep the pH of formulation in the range of 5.5-6.5. 
pH of all the formulations were found to be in the range of 5.28 -5.65, thus 
they are compatible with nasal physiological pH. 
 
Drug Content (%)  
 
The percentage drug content of all prepared nasal formulations were 
checked and found to be in the range of 97.04-102.08 %. 
 
Gelation temperature and Gel melting temperature of F1-F16 
 
Gelation temperature is the temperature at which liquid phase makes 
transition to gel. Gelation temperature range suitable for nasal gel would 
be 32–35°C. If the gelation temperature of liquid gel is lower than 32°C, 
gelation occurs at room temperature which leads to difficulty in 
administration. If the gelation temperature is higher than 35°C, the gel 
still stays as a liquid form at physiological temperature, resulting in 
leakage from the nasal mucosa. Thus, liquid gel must have the suitable 
gelation temperature 32–35°C, which leads to sol-gel conversion in the 
nasal cavity. The gelation temperature of the formulations (F1-F16) 
showed wide variation from 33-37°C and Gel melting temperature in the 
range of 38-48°C. The data clearly indicated that the gelation temperature 
strongly depend on the concentrations of selected polymer. The decrease 
in the gelation temperature with increase in poloxamer 407 
concentration may be attributed to the higher number and volume 
occupied by micelles at low temperature. The temperature dependent 
gelation of poloxamer 407 solutions could be explained by configuration 
change of poloxamer molecules which exhibit a well arranged zigzag 
configuration. With increasing temperature, the zigzag configuration of 
poloxamer 407 may be transformed into a more closely packed 
arrangement in the lattice like pattern which leads to increase in the 
viscosity of the gel. Tsol-gel lowering effect of mucoadhesive polymer (CP 
974P) could be explained by its ability to bind to PEO chains present in 
the poloxamer 407 molecules promoting dehydration and causing an 
increase in entanglement of adjacent molecules with  extensive 
intermolecular hydrogen bonding.  
 
F12 shows lowest gelation temperature and F3 shows highest gelation 
temperature. This study shows F7 have optimum gelation and gel melting 
temperature that is 34° C & 38°C respectively. Therefore F7 formulation 
was considered for further study. 
 
Rheological study of the prepared formulations 
 
As the concentration of the poloxamer 407 and the concentration of the 
Carbopol 974P increases, this results in enhancement of the viscosity of 
the gel. Formulation with the highest polymer concentration shows the 
highest viscosity. The formulation containing concentration of C934P 
higher than 0.3 % w/v were found to have very high viscosity, and so 
were difficult to administer into the nostril.  Regardless of the 
concentration of mucoadhesive polymers, all the formulations gelled at 
the temperature ranging from 33°C to 35°C. These temperatures seem to 
be proper for in situ gelling of the various vehicles at the nasal cavity, 
minimizing the loss of administered drug caused by clearance from the 
site of application.F1 shows lowest viscosity and F16 shows highest 
viscosity at RT & 35°C due to variation in polymer concentration. 
If viscosity of formulation increases then it affect the gelation, gel melting 
temperature and drug release from the formulation. Therefore optimum 
gelation, gelling temperature and viscosity required for formulation. This 
study shows F7 having optimum viscosity at RT & 35°C that is 88 cps and 
3010 cps respectively. Hence F7 formulation was considered for further 
study. 
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Table 1. Composition and evaluation of formulations (F1-F16) 

  ± S.D. (n = 3)     -- No gelation, RT- Room temp. 

 
Table 2. In vitro drug permeation of formulation F1-F16 through 
dialysis tube 

  ± S.D. (n = 3)      

 
Table 3. Comparative evaluation of optimized F7 & nanofabricated 
formulation 

± S.D. (n = 3)     NFF-Nanofabricated formulation, RT- Room Temp. 
 
Table 4. Cumulative % drug permeation of optimized F7 and NFF 
formulation  
 

 ± S.D. (n = 3)    NFF- Nanofabricated formulation  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

Table 5. Stability Studies Data of NFF Formulation 

     ± S.D. (n = 3)    NFF- Nanofabrication formulation 

Formu
lation 

Composition 
(% w/v) 

pH 
Drug Content 
% 

Gelation 
Temp.(0C) ±SD 

Gel melting   
Temp (0C) ±SD 

Viscosity(cps) 

PF-
127 

CP-
974P 

RT ˚C ±SD 35˚C ±SD 

F1 17 0 5.4±0.1 97.78±0.95 - - 76±1.25 100±1.76 
F2 17 0.1 5.3±0.2 99.13±0.56 - - 80±1.56 170±1.85 
F3 17 0.2 5.43±0.07 97.04±0.85 37±0.56 38±0.56 84±1.25 2440±1.62 
F4 17 0.3 5.37±0.01 96.86±1.23 37±0.25 39±0.29 86±1.69 2840±1.75 
F5 18 0 5.28±0.22 97.73±0.69 36±0.36 40±0.85 80±1.02 2618±1.87 
F6 18 0.1 5.4±0.1 97.91±0.12 35±0.15 40±0.23 86±1.36 2891±1.25 
F7 18 0.2 5.37±0.13 98.6±0.12 34±0.89 38±0.49 88±1.56 3010±1.89 
F8 18 0.3 5.45±0.05 99.13±0.65 35±0.56 40±0.21 90±1.96 3248±1.98 
F9 19 0 5.43±0.07 98.95±0.01 34±0.56 41±0.65 85±1.86 2536±1.65 
F10 19 0.1 5.56±0.06 99.65±0.25 34±0.35 42±0.23 90±.54 3260±1.09 
F11 19 0.2 5.6±0.1 98.08±0.25 33±0.89 43±0.21 107±1.69 3260±1.98 
F12 19 0.2 5.54±0.04 97.91±1.02 33±0.14 45±0.6 185±1.56 3285±1.65 
F13 20 0 5.65±0.15 99.47±0.62 36±0.12 45±0.02 128±1.65 2890±1.58 
F14 20 0.1 5.34±0.13 99.3±0.89 36±0.18 47±0.89 186±1.06 3327±1.51 
F15 20 0.2 5.65±0.15 102.08±0.2 35±0.26 48±0.87 248±1.89 3356±1.68 
F16 20 0.3 5.39±0.11 99.13±0.45 35±0.48 48±0.51 368±1.69 3460±1.25 

Time (hr) 1 2 3 4 6 8 
Formulation 
F1 29.13±1.25 33.91±1.68 50.21±0.56 53.04±0.23 57.60±1.56 59.78±1.62 
F2 31.52±2.36 45.00±1.89 52.60±1.65 62.39±1.62 62.39±2.14 66.30±1.29 
F3 28.47±2.15 42.39±1.22 47.60±2.53 47.17±1.91 54.56±0.94 60.65±2.01 
F4 23.04±1.78 46.30±2.14 58.04±1.36 55.00±0.26 61.08±0.12 68.26±1.32 
F5 35.86±1.69 45.65±2.00 50.21±1.56 53.04±0.45 57.60±1.56 67.82±1.25 
F6 32.17±2.16 49.34±2.19 54.13±1.98 62.39±0.11 62.39±0.97 66.52±1.45 
F7 28.47±1.26 42.39±1.75 47.60±1.25 47.17±0.53 54.34±1.54 80.65±1.37 
F8 32.39±1.85 48.91±1.56 55.21±2.49 55.00±1.57 61.08±2.14 68.26±1.22 
F9 4.69±2.14 48.04±2.98 50.86±0.56 60.86±2.1 64.34±1.36 70.86±0.95 
F10 31.73±2.15 41.95±2.15 52.17±1.31 61.30±1.56 62.17±1.25 73.91±1.21 
F11 36.08±2.45 36.30±2.32 51.52±0.45 60.86±2.03 67.39±1.47 68.91±1.36 
F12 36.95±2.19 47.17±1.25 51.73±0.89 57.60±1.45 58.91±1.58 69.56±1.25 
F13 36.08±2.95 36.30±1.56 51.52±1.34 60.86±1.89 67.39±12 68.91±1.86 
F14 36.08±2.16 38.91±1.98 51.52±1.25 60.86±1.56 61.95±1.39 64.56±1.56 
F15 25.00±2.15 36.30±2.32 45.00±.75 49.56±1.05 58.91±1.35 66.73±1.65 
F16 19.56±2.16 31.95±1.25 42.82±1.21 53.91±1.83 55.00±1.46 58.47±1.25 

Formulation 
pH 

% Drug 
Content 

Gelation Temp. 
(0C) 

Gel melting 
Temp. (0C) 

Viscosity(cps) 
RT 35˚C 

F7 5.37±0.13 98.6±0.12 34±0.63 38±0.56 88±0.95 3010±1.56 
NFF 5.26±0.01 98.33±0.56 33±0.25 37±0.28 80±1.05 2899±1.89 

Time(hr) % Drug permeation 
through dialysis tube 

% Drug permeation 
through nasal mucosa 

Formulation F7 NFF F7 NFF 

1 28.47±1.36 38.35±1.69 27.69±1.65 29.88±1.26 

2 42.39±1.05 48.57±1.56 34.80±1.25 60.79±1.05 

3 47.60±1.00 60.82±1.06 49.76±0.78 67.47±0.98 

4 47.17±0.86 72.60±0.98 51.69±0.12 64.40±0.59 

6 54.34±1.02 86.90±0.85 60.01±0.45 77.22±0.89 

8 80.65±0.68 97.54±0.23 70.85±0.23 90.53±0.45 

Condition Drug Content 
(%) 

pH Viscosity (cps) 

Initial 104±0.01 5.52±0.1 62±3.56 

After one month 

Ambient 97.3±1.23 5.47±0.3 58±4.89 

400C/75% 96.6±1.88 5.49±0.3 2480±6.25 

After two month 

Ambient 97.1±1.56 5.45±0.2 65±2.65 

400C/75% 96.45±1.96 5.49±0.1 2550±4.59 

After three month 

Ambient 95.92±1.55 5.5±0.1 55±3.65 

400C/75% 94.25±1.99 5.48±0.2 2250±5.25 
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Figure 1. Solubility of timolol maleate in various solvent 

 

Figure 2. Compatibility of timolol maleate with excipients by FTIR 
A- PF-127 + TM, B- PF-127 + CP 974 + TM, C- TM 

 

Figure 3. In Vitro drug permeation of F1-F16 through dialysis tube 
 

 
Figure 4. UV Spectra of the optimized F7, NFF formulation and pure drug 
 

 
Figure 5. DSC Spectra of pure timolol maleate & NFF 

 
Figure 6. Photographs of F7 Formulation by motic microscope 

           F7- Optimized formulation 
 

 
Figure 7. Particle size distribution of optimized F7 & NFF (Malvern 
master sizer) F7 - Optimized formulation, NFF- Nanofabricated 
formulation 
 

 
Figure 8. Drug permeation of optimized F7 and nanofabricated 
formulation, F7- Optimized formulation, NFF- Nanofabricated formulation 
 

 
 
Figure 9. Histopathological study,  A- Nasal mucosa treated with pH 5.5 
SNES,  B- Nasal mucosa treated with NFF formulation 
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In vitro permeability 
 
Highest % of drug permeability was observed in F7 formulation. The rate 
of drug release decreased as the concentration of the poloxamer 407 and 
carbopol 974P increased. It is apparent that the structure of gel 
functioned as an increasingly resistant barrier to the drug diffusion as the 
concentration of poloxamer 407 increased. The mechanism for such 
enhanced resistance may be due in part to reductions in the number and 
dimensions of water channels and to increased drug solubility, both due 
to the higher population of the micelles. The lower release rate due to 
higher concentration of poloxamer 407.This study states that the 
diffusion coefficient of the solute is inversely proportional to the volume 
fraction occupied by gel forming agent. The retardation of drug release 
could be explained by their ability to increase the overall gel viscosity. 
Therefore F7 Was considered for further study [35]. 
 
EVALUATION OF NFF FORMULATION 
 
Compatibility study 
 
UV Spectrophotometry 
 
As shown in the figure 4. There is no shift of λ max of the optimized 
formulation (F7), nanofabricated formulation (NFF) of gel when 
compared with the UV spectra of plane TM solution.  
 
DSC 
 
The measurements were performed on a differential scanning 
calorimeter equipped with intra cooler (DSC Mettlar STAR Sw 9.20, 
Switzerland). The DSC of pure drug and NFF formulation was performed. 
The results of DSC, formulation NFF shows no significant change in 
melting point. There was no shift of peak, shown in figure 5. In this stage 
we can conclude there was no incompatibility of drug with polymers. 
 
Clarity of optimized F7 and nanofabricated Formulation  
 
NFF formulation showed more clarity in appearance than F7 formulation.  
 
pH, drug content, gelation, gel melting temperature and rheology of 
optimized F7 & NFF formulation 
 
The pH, drug content gelation, gel melting temperature and rheology of 
F7 & NFF formulations were found optimum. There were slight difference 
in pH and drug content. The results were shown in table 3. 
 
Particle size analysis 
 
The particle size distribution of optimized formulation F7 was measured 
by using motic microscope. Images of optimized formulation were shown 
in figure 6. The particle size distribution of optimized formulation F7 was 
compared with NFF formulation. It was found that d (0.5) value for 
optimized formulation F7 was 0.598 µm & for NFF formulation it was 
0.139 µm. The d(0.1) value of optimized formulation F7  was 0.123 µm & 
for NFF formulation it was 0.068 µm. The graphs of particle size 
distribution shown in figure 7. These results showed that nanofabrication 
reduces the particle size of the timolol maleate and polymers used in the 
formulation. Thus it improves physicochemical properties of drug and 
polymers used in the formulation. 
 
In vitro drug permeability study 
 
The drug permeability through the dialysis tube of NFF formulation 
shows higher drug permeation 97.54% than F7 formulation 80.65% at 8 
hrs. NFF shows same pattern when permeation at 24 hrs. The results 
were shown in figure 8. The cumulative percent drug release through 
dialysis tube was shown in table 1V. This maximum drug permeation 
from NFF is due to change in physicochemical properties of drug and 
polymer used in formulation.  
 
Ex vivo drug permeation study 
 
The drug permeability through the sheep mucosa of NFF formulation was 
shows higher drug permeation 90.53% than F7 formulation 70.85% at 8 
hrs, shown in table 1V. NFF shows same permeation pattern when study 
carried out at 24 hrs. The comparative results were shown in figure 8. 

This maximum drug permeation from NFF is due to change in 
physicochemical properties of drug and polymer used in formulation. 
Anionic polymers such as Carbopol are reported to demonstrate 
permeation enhancing properties. These polymers were shown to 
express a high Ca2+ binding ability. Therefore, it was important to address 
the question as to what extent an increase in in-vitro permeation across 
the nasal membrane could be attained by thermoreversible gels of PF127 
and Carbopol.  Presence of Carbopol results in very rapid dissolution and 
release of highly soluble drug due to rapid swelling and dissolution of 
Carbopol at pH 6.4. However, the presence of PF127 in the gel retards the 
drug release rate slightly owing to reduction in dimension of water 
channels resulting for enhanced micellar structure.  Addition of 0.1% 
Carbopol to PF127 had no permeation enhancing effect owing to 
insufficient concentration of Carbopol (0.1%) to enhance drug dissolution 
from the gel by circumventing PF127 gel network. Although addition of 
0.2% Carbopol had permeation enhancing effect as, it was not 
significantly greater than that obtained with pure drug solution. The 
addition of 0.3% and 0.5% Carbopol enhanced the permeation of drug 
from gel significantly. This result could be attributed to increase in 
concentration of ionized carboxyl group to a level required to cause 
conformational changes in the polymer chain. Electrostatic repulsion of 
the ionized carboxyl group results in decoiling of the polymer chain, 
resulting in the relaxation of the polymer network. At this stage, drug is 
rapidly dissolved and released from the gels as a result of very high 
swelling (or fast dissolution) of the ionized Carbopol. Increase in 
permeation of the drug from the formulation can be further explained on 
the basis that increase in Carbopol concentration will not only result in an 
increase in Ca2+ binding sites but also in an increase in inter accessibility 
of Ca 2+ binding sites owing to relaxation of the polymer network [36,37]. 
 
The Ex-vivo kinetic study of F7 & NFF Formulation 
 
In order to determine the release model which best describes the pattern 
of drug release, the in-vitro release data were fitted to zero order, first 
order, Hixon crowell, Korsmeyer peppas and diffusion  mechanism 
according to simplified Higuchi model. 
 
The preference of a certain mechanism was based on the correlation 
coefficient “r” for the parameter studied, where the highest correlation 
coefficient is preferred for the selection of mechanism of release. The 
highest “r” value was obtained for the matrix model was maximum. So 
that formulation followed the diffusion which gives the predominant 
release mechanism for the developed NFF formulation. The value of “n” 
obtained from the korsmeyer equation was between 0.1-0.5 for NFF 
formulation. So that NFF formulation indicates fickian transport of drug 
permeation. 
 
Histopathological evaluation of nasal mucosa   
 
The success of in-situ nasal drug delivery system is depends on retention 
time at the site of application and safety of a drug after its application. 
Therefore histopathological study of NFF formulation was performed 
according to guidelines and approval provided by provided by 
Institutional Animal Ethical Committee (IAEC)- (MCP/IAEC/39/2011) of 
Modern College of Pharmacy, Nigdi, Pune. The histopathological study 
confirmed the safety of NFF formulation when it was kept for 24 hrs at 
site of application. The section of mucosa treated with NFF formulation 
showed no degeneration of nasal epithelium. There was no sign of 
remarkable destructive effect of formulations on the treated nasal 
mucosa. Photographs of mucosa were shown in the figure 9. The results 
indicate that safety of prepared formulation.      
 
Stability study 
 
The formulation was stored at ambient condition and at 40°C and 75% 
RH for three months. The stability studies were performed by guidelines 
of ICH with Q6 specification for pharmaceutical products. The stability 
study of NFF formulations showed that for study period (0-3 months) 
there were no significant changes in pH, Drug content, Viscosity of the 
formulation. Results were shown in table V. The NFF formulation was 
showed a promising drug delivery system for timolol maleate.  
 
CONCLUSION  
 
In the present study, nanofabricated insitu gel of poloxamer 407 with 
Carbopol 974P is formulated for the nasal drug application of 
antihypertensive drug timolol maleate, which would enhance the nasal 
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residence time of drug because of its sol-gel conversion after application. 
The drug used timolol maleate reported to be undergoing presystemic 
metabolism when used orally, so that intranasal formulation could 
attribute to escape this type of drug loss after oral administration.  This 
study confirmed the possibility of alternative drug delivery of timolol 
maleate for bed ridden, geriatrics, and unconscious patients. This 
formulation is suitable for patients who are unable to take drug by oral 
route. The results of the present study showed the potential delivery of 
timolol maleate in insitu nasal form. It provides better bioavailability and 
safe formulation than other drug delivery system of drug. The result also 
confirms the nanofabrication’s significance in the improvement of drug 
permeability through sheep mucosa. It is concluded that nasal insitu gel is 
an alternative and non-invasive method of timolol maleate for its 
systemic drug delivery. 
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