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Formulation of Caffeine Nasal Sprays and Its Enhanced Permeation

through Rabbit Nasal Mucosa
Eun Sun Noh and In Koo Chun’

College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea
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ABSTRACT-This study was aimed to investigate the feasibility of nasal delivery of caffeine for the elimination of sleep-
iness. The effects of various vehicles, solubilizers, and enhancers on the permeation of caffeine through rabbit nasal mucosa
was observed. The permeation study was carried out using a Franz-type permeation system at 37°C, and the amount of caf-
feine permeated through the rabbit nasal mucosa was determined by a validated HPLC. The apparent solubility and phys-
iochemical stability of caffeine in various nasal formulations were determined. The effect of hydrotropes and modified
cyclodextrins on the solubility of caffeine in water was determined by equilibrium solubility method. The solubility of caf-
feine in water was 29 mg/mL at 30°C. The addition of sodium benzoate and nicotinamide at 10% improved the solubility
of caffeine (115 and 132 mg/mL, respectively) in agueous solution. The flux of caffeine through the nasal mucosa from
aqueous solution was 2.1 +0.26 mg/cm?hr. The addition of sodium benzoate reduced its permeation (1.4 +0.01 mg/cm*/hr),
but sodium benzoate with 5% 2HPBCD and 0.03% monoterpenes increased its permeation (2.4 + 0.04 mg/cm*hr) markedly.
The addition of nicotinamide also increased its permeation (2.5 +0.36 mg/cm*hr). As the concentration of caffeine in nasal
formulation increased, the permeation flux increased linearly. Caffeine was stable physicochemically and enzymatically in

the nasal mucosa extract at 37°C. These results suggest that caffeine can be efficiently delivered nasally and the development
of nasal formulation will be feasible.

Key words—Caffeine, Solubilization, Nasal permeation, Stability
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Table I-Nasal Formulations for Caffeine
Formulations
Ingredients
A B C D E F G H I
Caffeine (mg) 300 300 300 300 300 100 500 1000 1000
1% Benzalkonium chloride (mg) b 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
CMC-Na (mg) - 10 10 10 10 10 10 10 10
Sodium benzoate (mg) - - 500 - 500 500 500 500 1000
Nicotinamide (mg) - - - 500 - - - - —
2HPBCD (mg) - - - - 500 500 500 500 500
1% o-Pinene (m/) - - - - 0.1 0.1 0.1 0.1 0.1
1% I-Menthol (m/) - - - - 0.1 0.1 0.1 0.1 0.1
1% Thymol (mi) - - - - 0.1 0.1 0.1 0.1 0.1
Water q.S. q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s.
Total (ml) 10 10 10 10 10 10 10 10 10
pH 6.1 5.7 7.7 6.4 7.3 7.8 7.9 7.9 8.3
UNot added
Table II-Solubility of Caffeine in Various Pure Vehicles at  &-<13}3it}.

30°C

Vehicles Solubility (mg/ml)
Water 29.5+0.7
PG 320103
DGME 289+0.6
Ethanol 422+0.1
PEG 200 16.1£0.2
PEG 300 34112
PEG 400 14.2£09
PEG 600 17.2+1.0
0.9 % Saline 32.1£36
PGMC 21.4+0.7
PGML 18.6+0.6
PGL 6004
LBF 2609 48103
LBF PG 50108
LBS 11.6£0.5

Data were expressed as the mean + S.D.
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Figure 1-Phase-solubility diagrams of caffeine-CD complexation

in water at 30°C.
Key: O, 2HPBCD; @, SBCD
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caffeine at 30°C.
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Figure 3—Comparison of permeation rates of caffeine through var-
ious mucosae of rabbit. Donor dose was 200 ! of caffeine solution
(30 mg/mi). Data points represent the mean+S.D. (n=3).
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Figure 4-Effect of donor doses on the permeation of caffeine
through the nasal mucosa from nasal formulations as a function of
time. The nasal formulation was composed of CMC-Na (0.1%),
benzalkonium chloride (0.01%), sodium benzoate (5%), 2HPBCD
(5%), and monoterpenes (0.03%). Data points represent the
mean £ S.D. (n=3).

Key : O, 10 mg/m! (FN-F); @, 30 mg/m! (FN-C); A, 50 mg/ml
(FN-G); A, 100 mg/m/ (FN-H)
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Figure 5-Relationship of donor dose and flux in the permeation of
caffeine through the nasal mucosa.
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