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In vivo Performance of Nasal Spray Pumps in Human 
Volunteers By SPECT-CT Imaging
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Department of Pharmaceutics, Bombay College of Pharmacy, Kalina, Mumbai - 400 098, India, 1Board of Radiation 
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A potential barrier to the widespread use of nasal 
spray devices for drug delivery has been the variability 
in dosing because of partial metering, as the patient 
does not press consistently enough on the actuator 
of the pump. This could be a serious limitation for 
the delivery of potent medications. Recently new 
generation nasal pumps have been developed by 
Valois which spray only on the full actuation of 
the pump, and hence ensure accuracy of dosing in 
intranasal delivery of drugs. The present study aimed 
to compare the in vivo nasal deposition pattern of two 
nasal spray pumps- a conventional pump (VP3®) and 
a new generation pump (EQUADEL®), both developed 
by Valois S.A.S, France, in human volunteers by 
SPECT-CT imaging technique.

MATERIALS AND METHODS

Nasal spray pumps, VP3® and EQUADEL®, were 
fitted to 5 ml glass containers containing 1 ml of 
0.5% methylcellulose in saline and 99mTc DTPA 
(10-15 mCi). Viscosity was determined by rotational 
viscometer (Brookfield Viscometer, Model: LVT) 
and droplet size distribution by laser diffraction 
apparatus (Mastersizer X, MALVERN), Spray 
pattern by automatic actuating machine (Machine- 
NSX from Image Therm Engineering)1. For in vivo 
studies, protocol was approved by Institutional Ethics 
Committee. Ten healthy male volunteers (20-30 y), 
screened by ENT surgeon were selected, and informed 
consent was obtained in writing from each volunteer. 
Tests were performed on three assembled units each 
of VP3 and EQUADEL in triplicate. CT scans (GE 
discovery ST) of all volunteers were recorded. For 
dosing, volunteers inhaled the spray in a sitting 
position, and SPECT images were recorded for 10 
min, with volunteers in supine position. To calculate 
deposition area static image was analyzed; SPECT 
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image was superimposed with CT scan, and nasal 
deposition was quantiÞ ed in terms of  upper to lower 
(U:L) and inner to outer (I:O) ratios2 (Þ g. 1).  

RESULTS AND DISCUSSION

Rheograms of 0.25% MC sample (pH 5-6) have 
shown pseudo-plastic behavior. Droplet size 
distribution in case of VP3 was slightly larger than 
EQUADEL (Table 1). Spray pattern analysis showed 
more variability in case of VP3, although the mean 
values for both pumps were similar (Table 2). In the 
in vivo study, the SPECT images were superimposed 
with CT scans and deposition patterns of the two 
pumps were compared3. The data was analyzed 
by using Graphpad Prism 4 software. Analysis of 
the superimposed images revealed that for the I:O 

TABLE 1: DROPLET SIZE DISTRIBUTION OF TWO 
PUMPS
Droplet size distribution D (V, 0.5) μm
 Mean RSD
EQUADEL 49 6%
VP3  60 11%

TABLE 2:  SPRAY PATTERN DATA OF TWO PUMPS
Spray pattern Max. mm. Min. mm
EQUADEL  42 ± 3 35 ± 1
VP3   42 ± 5 35 ± 4

Fig. 1: SPECT-CT images showing nasal cavity divisions
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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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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 


