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and U:L ratios the Equadel pump had less variable 
deposition when compared to the VP3 pump (Table 
3). Some differences between deposition areas (pixel), 
which corresponds to total dose delivered, are evident; 
however, these results are not strong enough to 
differentiate two pumps. 

In conclusion, in vitro evaluation tests of the two 
pumps have shown slight differences and the in vivo 
deposition study showed the Equadel pump to have 
less variability of deposition. The study reveals the 
potential of SPECT-CT imaging technique to evaluate 
spraying devices/formulations for nasal delivery.
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TABLE 3: REGIONAL DEPOSITION PATTERN AND DEPOSITION AREA OF DROPLETS ADMINISTERED BY VP3 AND 
EQUADEL PUMP
Volunteer U:L I:O Deposition area (pixel)
 VP3  Equadel VP3 Equadel VP3 Equadel
1 1.123±0.644 0.920±0.923 0.088±0.086 0.217±0.287 48.33±11.93 49.67±12.10
2 0.191±0.273 0.749±0.557 0.533±0.422 0.285±0.080 45.67±3.06 53.00±1.00
3 0.080±0.130 0.052±0.068 0.311±0.339 0.251±0.133 50.67±8.74 41.67±4.62
4 0.012±0.007 0.030±0.021 0.945±0.943 0.542±0.631 50.00±9.64 55.70±10.02
5 0.924±0.503 0.646±0.339 0.237±0.056 0.479±0.498 63.50±30.41 46.95±23.40
6 0.875±0.491 0.344±0.166 0.385±0.092 0.148±0.097 54.33±13.05 47.67±5.77
7 0.674±0.520 0.492±0.207 0.199±0.016 0.043±0.075 59.00±12.53 42.00±6.24
8 0.214±0.331 0.009±0.016 0.035±0.061 0.085±0.134 40.00±11.14 45.67±20.41
9 0.369±0.220 0.504±0.437 0.613±0.260 0.710±0.539 48.33±7.02 49.67±4.62
10 0.497±0.731 0.567±0.464 0.147±0.228 0.079±0.128 33.33±3.21 41.33±24.38
Mean 0.496±0.387 0.431±0.317 0.349±0.280 0.284±0.224 49.32±8.69 47.33±4.64
Nasal deposition was quantiÞ ed in terms of radioactivity deposited in inner (I) vs. outer (O), and upper (U) vs. lower (L) regions of the nasal cavity (Data presented 
are mean±SD, n=3)
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Nasal Permeation Enhancement of Sumatriptan Succinate 
through Nasal Mucosa
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Sumatriptan succinate is a 5-HT1 receptor agonist 
used in the treatment of migraine. It is administered 
orally, in doses of 25, 50 or 100 mg as a single 
dose, nasally in doses of 10 or 20 mg and also 
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subcutaneously, as two 6 mg doses within twenty 
four hours. Low oral bioavailability (15%) due to 
high Þ rst-pass metabolism1,2 justiÞ es a need of nasal 
drug delivery. To improve the nasal retention time of 
sumatriptan succinate it has been formulated as in situ 
mucoadhesive gel3. The objective of this work was 
to improve the nasal bioavailability of sumatriptan 
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succinate by increasing its nasal retention time as 
well as the nasal permeation. Nasal permeation of 
sumatriptan succinate was improved by using different 
penetration enhancers such as SLS, Tween 80, bile 
salts and EDTA. 

MATERIALS AND METHODS

HPLC method development for analysis of 
sumatriptan succinate for nasal formulation:
The evaluation of permeation studies was carried out 
by HPLC method using phosphate buffer (pH 3): 
methanol (80:20) as mobile phase using a reverse 
phase column.

Preparation of mucoadhesive nasal gel of 
sumatriptan succinate4 and evaluation:
The gel containing drug, Pluronic F127 (18% w/v), 
1% propylene glycol and Carbopol 934P (0.3% w/v) 
was prepared. To this solution, different penetration 
enhancers (EDTA 1% w/v, Tween 80 0.1% v/v, SLS 
1% w/v and bile salt 1% w/v) were added separately 
to form different formulations. The formulation was 
studied for the gelation temperature5 and mucoadhesive 
strength6.

In vitro permeation studies:
The nasal mucosa was separated from underlying 
muscular and part of the connective tissue with 
forceps and scissors. The fresh tissue was kept 
at 34o in phosphate buffered saline (PBS) pH 6.4 
upon removal. Mucosa was used within 45 min of 
separation. Franz diffusion cell was used for this 
purpose. Receptor compartment contained 21 ml of 
pH 6.4 phosphate buffer while donor compartment 
was filled with 3 ml distilled water. The solution 
was placed in donor compartment and aliquots were 
removed at time intervals of 15, 30, 45, 60, 75, 90, 
105, 120 min from the receptor compartment while 
the solution was being stirred continuously using 
magnetic stirrer, replacing it with fresh medium each 
time. The experiment was carried out at 34o. The 
amount of drug permeated was assayed using HPLC 

method of analysis. The graph of %drug permeated 
v/s time was plotted and ß ux, permeability coefÞ cient 
and enhancement ratio was determined.

RESULTS AND DISCUSSION

For HPLC analysis, the mixture of phosphate buffer 
pH 3 and methanol in three different proportions were 
tried, to resolve the peak of sumatriptan succinate 
from peaks of protein impurities. The mobile phase 
containing phosphate buffer pH 3: methanol (80:20) 
produced satisfactory result with good resolution of 
drug peak and showed good linearity in the range 
5-80 µg/ml (y = 85244x; r2= 0.9986).

Clear transparent mucoadhesive solution was formed 
with viscosity sufficiently low to administer in the 
nasal cavity with the help of dropper. The viscosity 
of the formulation was increased as temperature of 
the solution increased with gelation at nasal cavity 
temperature (340). The mucoadhesive strength of 
the formulation was found to be 10.5 g, which is 
sufÞ cient to improve the retention time of solution at 
nasal mucosa. 

As seen from Þ g.1 and Table 1, the drug was able to 

TABLE 1: RESULTS OF PERMEATION STUDIES OF SUMATRIPTAN SUCCINATE THROUGH SHEEP NASAL MUCOSA
Formulations containing  Permeation coefÞ cient*  mg. cm/min  Flux* mg/cm2 min Enhancement ratio
No penetration enhancer 0.002652±0.000276 0.008593±0.001129 
1% EDTA 0.00273±0.000213 0.008868±0.000916 1.029
0.1% Tween 80 0.002881±0.000129  0.009326±0.000628 1.055
1% Bile salts  0.003114±0.000106 0.010078±0.000584 1.08
1% SLS  0.005348±0.000781 0.017303±0.000647 1.717
*Each value represents mean ±S.D

Fig. 1: Effect of various penetration enhancers on permeation of 
sumatriptan succinate through nasal mucosa 
The graphs represent the following: Formulation without penetration 
enhancer (-"- ), with 1% EDTA (-#-), with 0.1% Tween 80 (-"-), with 
1% Bile salt (-x- ), with 1% SLS (-*-)
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penetrate though the nasal mucosa without permeation 
enhancer but low permeation was observed due 
to low Log P value of 0.93.  When 1% EDTA 
and 0.1% Tween 80 was used in formulation these 
was no significant increase in the permeation of 
sumatriptan succinate when tested by student�s t-test 
while formulation containing 1% bile salts showed 
slight increase in the permeation. The permeation 
was found to increase two times with 1% SLS with 
enhancement ratio of 1.72.

It may be concluded that nasal mucosa delivery of 
sumatriptan succinate could be good alternative when 
formulated in the in situ mucoadhesive gel. This 
mucoadhesive gel showed satisfactory mucoadhesive 
strength and gelation temperature. It was found that 
use of penetration enhancer was required to achieve 
permeation through nasal mucosa and SLS was found 
to be the most effective among various penetration 

enhancers tried.
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Formulation Development of Eucalyptus Oil 
Microemulsion for Intranasal Delivery
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Migraine headaches appear to be caused by complex 
interplay of neurologic and vascular changes and 
show waves of neurologic changes in brain. Essential 
oils like eucalyptus oil and peppermint oil have been 
used for aromatherapy for the treatment of migraine. 
The major active ingredient of eucalyptus oil is 
cineole (eucalyptol) that has soothing, stimulant and 
antidepressant effect. Microemulsions have a much 
greater solubilizing capacity for non-polar organic 
compounds than aqueous micellar solutions and 
hence attempts are made to develop microemulsion of 
eucalyptus oil for intranasal delivery.

MATERIALS AND METHODS

Eucalyptus oil (Vedic Life Sciences, Mumbai), 
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Tween80, Span80 and PEG400 (S. D. Fine Chemicals 
Ltd. and Merck Ltd.), nasal spray pumps (Valois Pvt. 
Ltd.)

Formulation development of eucalyptus oil 
microemulsions:
Eucalyptus oil microemulsions were prepared by 
combining hydrophilic and lipophilic surfactants 
namely Tween80, Span80 and Cosurfactant PEG400. 
Glycerin was added in the formulations as it acts as 
humectant for nasal formulations.

Phase solubility studies and microemulsion 
formulations: 
The pseudoternary phase diagrams of oil, surfactant, 
cosurfactant and water were constructed using water 
titration method. For solubility studies, the ratio of oil 
to the surfactant/cosurfactant mixture (Smix) was varied 


