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Summary 

Nasal drug absorption and the effect of absorption promoters have been studied in rabbits. Nasal mucosa excised from rabbits 

was mounted as a tlat sheet in an in vitro chamber. The increase in the membrane permeability coefficient for sodium chloride 

indicates the change in the porosity by pretreatmel~t with bile salts. The pcrm~~bilities for dextran derivatives were enhanced by 

pretreatment with sodium giycochoiate (GO. The p~rnleability coefficient (P) for fluorescein isothiocyanate diethy~~lmin(~ethyl 

destran (FITC DEAE-dextran. DE) was higher than that for FlTC-dextran (DT). and P for FITC dextran sulfate CDS) was lower 

than that for DT with the same molecular weight. Comparing insulin with dextran of the same molecular weight as insulin, the 

value of P for insulin induced by pretreatment with GC was higher than that for hydrophilic dextran. The partition coefficient 

seemed to have much more effect on the nasal membrane transport than the molecular weight of the penetrant. 

Introduction 

Peptides are usually inactivated when adminis- 
tered orally, due to their instability against vari- 
ous peptidases in the gastrointestinal tract. 
Therefore, intranasal administration has been in- 
vestigated as a new route for systemic peptide 
delivery (Chien, 198.5). However, there have been 
few reports on the physicochemical properties of 
nasal mucosa in experimental animals (Wheatley 

~‘orrr.rporuk~tcT: Y. Maitani. Department of Pharmaceutics, 

Hoshi University. Ebara Z-4-41. Shinagawa-ku. Tokyo 141, 

Japan. 

et al., 1988). Understanding of membrane perme- 
ability will lead to a more effective way for deliv- 
ery of drugs. Previously, we had measured the 
membrane potential of the nasal mucosa that is 
an important factor in drug permeation of the 
nasal mucosa in rabbits (Maitani et al., 1991). 
The nasal mucosa is negatively charged and the 
membrane charge densities are not changed by 
pretreatment with 1% bile salt solution on the 
mucosal side. In nasal absorption of peptide, bile 
salts are used as absorption promoters (Hirai et 
al., 1981; Maitani et al., 198X). However, the 
mechanism by which bile salts enhance mem- 
brane permeability is not known clearly. The bile 
salts might affect the nasal membrane and create 



temporal pores (Gordon. 1985). Therefore, the 
effect of bile salt on the nasal mcmbranc was 

evaluated by enhancement of the membrane per: 
mcability coefficient of sodium chloride caused 
by pretreatment with bile salts. Also. the pcrmc- 
abilities for dextran derivatives with molecular 
weights ranging from 3860 to 40500 were mca- 

sured to investigate the action of bile salt on the 
pore size of the membrane examined. 

In addition. the bile salt might transiently 

modify membrane charges and increase transport 

of the charged compound. Therefore, the pcrme- 
abilities of three dextran derivatives which rcpre- 
sent neutral. positive and negative charges and ot 

insulin were also investigated. 

Materials and Methods 

The chemicals used were as follows: tluorcs- 
cein iaothiocyanate (isomer-l. FITC) was ob- 
tained from Wako Pure Chem. Ind. Ltd; sodium 
cholate (C) from Tokyo Kasci Ind. Ltd; ethylene- 
diamine tetraacctic acid, and disodium salt 
(EDTA) from Iwai Chem. Co.; sodium deoxy- 
cholatc (DC) and sodium glycocholate (CC) from 
Nakarai Chemical Co.; dextran (mw. 6000, 9000). 
FITC-dextran CDT, mw. 3860, 9000, I7 500, 
40 500). dcxtran sulfate (mw. 5000, 8000). crys- 
talline bovine pancreas insulin (24.5 international 
units (IU) per mg; zinc content. approx. 0.5% 1. 

sodium glycodeoxycholate (GDC). sodium tauro- 
cholate (TC) and sodium taurodeoxycholatc 
(TDC) from Sigma Chemical Co. (U.S.A.). 
Sodium chloride was purchased from Matsunaga 
Chem. Ind. Ltd and used after drying under 
vacuum at 120°C for 6 h. All other chemicals 
used were analytical grade. All solutions wcrc 
made using doubly distilled water in Pyrex glass. 

Prqmrutiorl o,f DEAE-dextrarl, FITC-I~~hclrtl 

DEALdextran (DE) und FITC-luhded dcxtrrrn 

.srdfirte (DS) 
Dicthylaminoethyl dextran (DEAE-dextran) 

was synthesized according to the method re- 
ported by McKernan and Ricketts ( 1060). 
DEAE-dcxtran (mw. 6000) and DEAE-dextran 

(mw. 9000) wcrc obtained. the N content being 
determined by elemental analysis as 0.55(; and 
0.50?, rcspectivcly. The nveragc number of basic 
groups per glucose unit of DEAE-dcxtrans (mu. 
6000, 0000) was calculated from the N content :I\ 
0.075 and 0.00X basic group per glucose unit. 
respectively. 

Fluorescein isothiocyanatc-labeled DEAE-de- 

xtran (DE. mw. hOO0. 9000) and tluorcsccin isoth- 
iocyanate-labeled dextran sulfate (IX. mw. 5000. 
t1000) were synthesized from DEAE-dextran and 

dextran sulfate, rcspcctively, according to the 
method reported by Beldcr and Granath (197.3). 
The method for synthesis and molecular weight 
determination was described precisely in ;I pt-cvi- 
ous paper (Maitani et at.. 1089. 

The nasal mucosa used in these cxpcrimcnts 
was obtained from male New Zealand white rab- 
bits (Saitama Experimental Animal Supply Co.; 
2.5-1.0 kg). Rabbits \verc killed by rapid i.v. 
injection of a saturated solution of potassium 
chloride. The nasal mucosa was obtained by cut- 
ting a bone block. with operating scissors, from 
orbits just anterior to the junction of the nasal 
bone with the dorsal parictal cartilage. After dis- 
section. the tissue was rinsed in saline solution 
and any adhering cartilage and blood were rc- 
moved. After rinsing in distilled water. a piccc ot 
tissue was mounted as a flat sheet in a 15.9 mm’ 
circular window between two glass disks that ~215 
set bctwcen two glass chambers with the aid ot 
silicone O-rings to prevent the solution from Icak- 
ing into the chambers. The thickness of the mcm- 
branc was 0.07-0.40 mm. being measured with ;I 
dial thickness gauge having an accuracy of i 0.00 1 
mm. 

Fig. I shows the apparatus used for measure- 
mcnt of NaCl permeability. The donor cell. the 
membrane with glass disks and the receiver cell 
were assembled together with springs. 30 ml each 
of NaCl aqueous solution (7 X IO ’ M) and dis- 
tilted water wcrc put into the donor (mucosal) 
and the reccivcr (serosal) chambers. respectively. 
The mucosat surface (M) which is the ciliated 



cpithelial surface lining the nasal cavity and the 

serosal surface (S) which is the side attached to 
the nasal cartilage were exposed to the donor 
side and receiver side, respectively. The conduc- 

tivity of the receiver solution was measured every 
2 min for 30 min with platinum electrodes in- 
serted in the receiver chamber to calculate the 
concentration of NaCl. After the measurement, 
the donor solution was changed to 40 ml of bile 
salt aqueous solution (10 mM) and kept for 5 

min; then the bile salt solution was replaced 
again with NaCl aqueous solution after rinsing 
with distilled water. Also, the receiver solution 

was replaced with a fresh solution. The NaCl 
pernleabiiity after the pretreatment with bile salts 
was measured according to the method described 
above. In this study, all experiments were con- 
ducted at 36 _I 0.2 ‘C. 

Pernieddity rneumrement for dextrm derit~utir,es 
Fig. 2 shows the apparatus used for measure- 

ment of the permeability for dextran derivatives. 

The volume of both donor and receiver cetls 
which were held together by springs was 10 ml. 
The apparatus was immersed in a water bath 
maintained at 36 I: 0.2 “C. In the permeability 

-! Conductivity hleter 

i r-4 

Fig. 1. Apparatus for measurement of membrane permeability 

for NnCI. (a). donor cell (mucosnl chamber): (h). receiver cell 

(serosal chamber): (c), nasal mucosa fM, mucosal side: S. 

serossl side): (df. stirrer bar: (e) magnetic stirrer; ff). water 

bath; (g)_ platinum electrode. 

(bl 

Fig. 2. Apparatus for measurement of permeability for dex- 

tran derivatives and insulin. (a). donor cell (mucosal chamber): 

(h), reccwer cell (serosal chrtmher): (cl, nasal mucosa (M. 

mucosal side: S. serosal side); id). stirrer bar; (e), magnetic 
stirrer. 

measurement for dextran derivatives, 6 ml each 
of the following solutions were used as the donor 

solutions; 0.01% DT in saline solution. WI % DE 
in saline solution, 0.1% DS tmw. SOAR) in saline 
solution, 1% DS (mw. 8000) in saline solution. A 
6 ml saline solution was used for the receiver 
solution. A 200 /*I portion of receiver solution 
was withdrawn as the sample solution at 10 min 
intervals for 60 min and immediately replaced 
with an equal volume of saline solution. The 
donor solution was removed from the chamber, 
and then 6 mi of GC aqueous solution (10 mM) 
was added to the donor chamber. After 5 min, 
the GC solution was replaced with the initial 
donor solution after rinsing with distilled water. 
Additionally. the receiver solution was replaced 
with fresh solution. The permeability for dextran 
derivatives after pretreatment by GC was mea- 
sured according to the method described above. 
The fluorescence intensity of the dextran deriva- 
tive was measured with a fluorescence spec- 
trophotomcter (Shimadzu, model RF-5301 at an 
emission wavelength of 516 nm and an excitation 
wavelength of 480 nm. The quantity of the dex- 
tran derivative in the sample solution was calcu- 
lated from the fluorescence intensity relative to 
that of a standard solution of the dextran deriva- 
tive. 



In the measurement of permeability for in- 
sulin. h ml samples of 10 IU/ml insulin saline 
solutions (pH 2.0 and pH 5.4) were used as donor 
solution with the same apparatus as shown in Fig. 
2. A h ml portion of the saline solution was used 

for the receiver solution. The insulin solution (pH 
5.1) was prepared by dissolving insulin first in 0.7 

ml of 0.1 N hydrochloric acid, and then by dilu- 
tion with the saline solution. The pH of the 
insulin solution was adjusted to pH 2.0 using 

hydrochloric acid. A 300 /rl portion of the rc- 
ccivcr solution was withdrawn as the sample solu- 

tion at 10 min intervals for 60 min. The donor 
solution was then removed from the chamber and 
6 ml of GC aqueous solution ( 10 mM) was added 
in the donor chamber and kept for 5 min. The 

GC solution was then replaced with the insulin 
saline solution after rinsing with distilled water. 
Also. the receiver solution was replaced with 
fresh solution. The permeability for insulin after 
the pretreatment with GC was measured accord- 
ing to the method described above. The insulin 
concentration was measured by using enzyme im- 
munoassay with a commercially available kit (In- 
sulin EIA kit, Dainabot Co. Ltd). 

Theo0 

The concentration (C) of NaCl in the receiver 
solution (scrosal chamber) was plotted as a func- 
tion of time (f). From the slope. the amount 01 

NaCl permeated per unit time and area (A). i.c.. 
flux (J) was calculated. The permeability coeffi- 
cient (P) is the apparent permeability cocfficicnt 
(P’) multiplied by the thickness of the membrane 
(AX ). The experimental value of P’ was calcu- 
lated according to Eqn 1: 

J = (dC/dr) .V/A = P’.C,, (1) 

where C,, is the concentration of NaCI in the 
donor solution (mucosal chamber), and V is the 
volume of the receiver solution. The permeability 
coefficient, P. can be represented as Eqn 2 
(Nakagaki et al., 1962): 

P = f./3 .<h. D,, (3) 

where f is the membrane constant, @ is the parti- 

tion coefficient between the solution and the 
membrane layer, D,, is the diffusion coefficient in 
water. and h is (D”/D,,) when the diffusion 
coefficient in the membrane is D”. In this cast, 

the partition coefficient p is affected Donnan 
equilibrium, and the value of fi varies with the 
concentration of the elcctrolytc. The concentra- 

tion dependence of P is thcreforc considcrcd to 
bc ascribed primarily to that of the partition 
coefficient ,3. The membrane permeability cocft’i- 
cient (P * ) is calculated according to Eqn 3: 

(3) 

where c‘” is the concentration of NaCI in the 
mucosal layer of the membrane (donor cell). and 
is given in Eqn -I (Kobatake ct al.. 1465): 

c :/: = ( _ :* 
H + H-+3C2)/2 Jo :‘.’ ~~~ 

t-t) 

where 0” is the membrane charge density of the 
nasal mucosa in NaCl solution. 0” was previously 
calculated by measurement of the membrane po- 
tentials of the nasal mucosa in rabbits (0”’ = ~ 3.5 
mM/I) (Maitani et al.. IWI). The value of C”” is 
obtained from Eqn 4 and then the value of P”’ is 
also obtained. The membrane pcrmcability cocf- 
ficient after the prctreatmcnt with bile salt aquc- 
ous solution (P,“) can be rcpresentcd as Eqn 5: 

P,‘- = f, cb, I),, (5) 

whcrc suffix t means that the prctrcatmcnt by 
bile salt aqueous solution was done. Therefore. 
the ratio of the membrane permeability cocffi- 
cient before and after the pretreatment with bile 
salt solution can be shown in Eqn 6: 

p,:ti,p:i- = f,,f 
((3) 

Here, y’,, is assumed to be almost equal to (6. 
since the NaCl molecule is very small and it is not 
changed by the pretreatment. The value of 
P,“/P”, thcreforc, represents the change in the 
membrane constant, f,/f, which means the change 
in the membrane porosity because of the action 



of bile salt on the membrane. In the permeability 
studies for dcxtran derivatives and insulin, the 
value of C” could not be obtained. The value of 
P after the pretreatment with bile salt aqueous 
solution, P,, is shown in Eqn 7: 

P, = f, . P, . d, D,, 

The ratio of P and P, can then be shown as Eqn 

S: 

p,/p = (f-,/f). (P, -d+)/(P*d) 

The value of f,/f was obtained from Eqn 6. The 
change in ,!3,. d,,/j3. qb will be evaluated by mca- 
suring the permeability of dextran derivatives of 

various molecular weights. 
For homopolymer, a linear relation is observed 

between the radius of gyration (R,,) of a molecule 
and the square root of the molecular weight (M,.) 
experimentally. The diffusion coefficient (Dl of 
the spherical molecule is shown in Eqn 9: 

D = (kT)/‘(fhR,,) (9) 

where k is the Boltzmann constant, T is the 
absoiute temperature, and 17 is the viscosity of 
the solvent. For the molecule that has the struc- 
ture of a random coil. the relation between M, 
and R,, is shown in Eqn 10: 

M; = (4rrR’ ii)/3 ( 10) 

Judging from Eqns 9 and 10, the diffusion coeffi- 
cient of homopolymer is proportional to the re- 
ciprocal of the square root of molecular weight. 

Results and Discussion 

It is well known that bile salts enhance 
bioavaiiability of polypcptides on nasal adminis- 
tration. Then, in this paper, the enhancement of 
the membrane permeability coefficient of 
polypeptides caused by the pretreatment with 
bile salts was measured in order to evaluate the 
effect of bile salt on nasal membrane. 

The influence of bile salts on the nasal absorp- 
tion of poiypeptidcs was studied from the view- 
point of drug permeation. From the change in the 
permeability for NaCl by the pretreatment with 
bile salts, the change in the membrane constant 
was evaluated using Eqn 6. 

Fig, 3 shows the relation between the perme- 
ation time and the concentration of NaCl in the 

receiver solution. An apparent linear relationship 

was observed. The membrane permeability coeffi- 
cient of NaCI (P”) was approximately 6 X IO-’ 

cm’/s and it was enhanced to approximately 11 

x lO_’ cm’/s by pretreatment with 10 mM DC 
saline solution. 

The ratios of the membrane permeability cocf- 
ficient of N&l before pretreatment (P” 1 and 
after pretreatment (P,“l by bile salts or EDTA 
are shown in Table 1. Membrane permeability for 
NaCl was not changed by the pretreatment pro- 
cedure using saline solution (P,“/P” = 1.00) 
which was done as a control. Also, EDTA en- 
hanced the permeation of NaCl (P,*/P* = 1.641. 

On the other hand, the values of P,*/P” by 
pretreatment with C, DC, CC. GDC, TC and 
TDC were 1.24. 1.83, 1.66, 1.92, 1.87 and 1.87. 
respectively, showing the permeation enhancing 
effect of bile salts. The values of P,*/P* reflect 

0 10 20 30 

Time (mln) 

Fig. 3. Relationship between time and concentration of NaC‘I 
in the rrceiving cell at 36°C. Data are givrn as mean+ SE 

(11= 3). *. before pretreatmrnt: 0. d’ter pretreatment with 10 

mh4 solution of DC’. 



the change in the membrane porosity because of 
the effect of bile salts iis shown in Eyn 6. DC and 
GDC showed a more rcmarkablc cffcct on mcm- 

hrane permeability than C and GC did. DC and 
GDC arc more lipophilic than C and GC, respec- 
tively. because of the lack of a hydroxyl group at 
the 7th position of the steroids. By employing ;I 
series of bile salts with subtle differences in num- 
bcr. position and orientation of their hydroxyl 
functions and alterations in side chain conjuga- 
tion. it wx suggested that the incrcasc in pt’rmc- 
ability for sodium chloride correlates positively 

with incrcaxing hydrophobicity of the bile salts. 

The pcrmeabilitics for dcxtran derivatives and 
insulin were measured to learn the pore size that 
bile salts create temporally in the membrane and 
the il~t~racti~n between the rnernbr~;ll~ ch:trgc 
;tnd the charged compound. As the absorption 
promoter GC ~21s used because of its known 
ability as an effective :tbsorption promoter for 
insulin and interferon (Maitani ct al., 1990). The 
value of i’,/f by GC’. which means the chanyc in 
the membrane porosity. was already obtained 
from Table 1. Therefore, the value of /3, 1 cf,,/fi . q5 
in Eyn S will bc evaluatcct by r~l~~sLlrin~ the 
permeabilitics for dextran derivatives which have 
neutral, positive and negative charges and various 
molecular weights. 

I’he relation between the permeation time ~~ncl 
the concentration of DT in the receiver solution 

before and after the pretreatment with 10 mM 
solution of GC is shown in Fig. 1. An apparent 
linear r~l~t~~)nship was observed. The values of P 
for DT before and lifter the prctrcatmcnt with IO 
mM solution of GC. I’ and P, wc‘rc’ I.59 x 10 _ 

cm’/s and 2.70 X IO ’ cni’/s. I-c5pecti\ely. 
Tahlc 1 shows the values of P. P, and P,/P in 

the cast of various molecular weights of DT, DE 
and DS. The values of P for- cicxtran derivatives 
&creased with an incrtzlsc itt‘ their- molecular 
weights as the diffusion cocfficicnts of thcsc cctm- 
pounds with high molecular weights ;~rc low. ‘i‘hc 
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Fig. 5. Relationship between time and concentration of in- 

sulin in the receiving cell at 36 o C. Data are given 3s mean k 

SE (n = 3). V, before pretreatment at pH 2.0: v. after 

pretreatment with 10 mM solution of GC at pH 2.0: 0. after 

pretreatment with IO mM solution of GC at pFI 5.3. 

permeability was enhanced by the pretreatment 
with GC. The value of P for DE was higher than 
that for DT, and the value of P for DS was lower 

than that for DT which had the same molecular 
weight as DE and DS. The data for dextran 
derivatives suggest that the negatively charged 
compounds CDS) are repellent and the positively 
charged compounds (DE) give an access for drug 
diffusion into the membrane bearing a negative 
charge. 

Permeability for insulin 
As shown in Fig. 5, permeation of insulin was 

not observed at pH 5.4, even after the pretreat- 
ment with 10 mM solution of GC. The isoelectric 
point of insulin ranges from pH 5.3 to 5.35. 
Therefore. insulin in saline solution tpH 5.4) is 
not charged and forms a hexamer or octamer 
(Helmerhorst and Stokes, 1987). and its apparent 
molecular weight is 36 000-4X 000. 

On the other hand, insulin in saline solution 
(pH 2.0) is charged positively and forms a 
monomer, so that it is able to permeate the nasal 
mucosa Wostermeyer and Humbel, 1966). which 
is negatively charged. The permeability coeffi- 
cient of insulin was calculated using the slope. 
The slope was determined by five data points (at 
10, 20, 30, 40 and 50 min) with the method of 
least squares, in order to obtain the average value 
of the amount of insulin permeated per unit time. 

PH PX 10; 

(cm’/4 

P, x IO‘ 

(cm’,/s) 
P, /P 

5.1 0.0 (1.0 

2.0 ‘1.9s + I .3x 77.91 + I.02 2.87 * 0.21 

Concentration of sodium glycocholate wa\ IO mM. Data are 

given as mean + SE (II = 3). 

As shown in Table 3, the value of P for insulin at 
pH 2.0 was 9.95 X 10~’ cm’/s, and the value of P 
for insulin after pretreatment with 10 mM solu- 
tion of GC (P,) was 2.79 x lO-” cm’/s. The per- 
meability for insulin was enhanced 2.87 times by 

the pretreatment with GC. 
Since dextran derivatives are homopolymer and 

have the structure of a random coil, the diffusion 
coefficient of compounds is generally propor- 

tional to the reciprocal of the square root of the 
molecular weight as shown in Eqns 9 and 10. Fig. 

6 shows the correlation between P or P, and 
molecular weights for dcxtran derivatives and in- 
sulin. The relation between P or P, and the 
reciprocal of the square root of the molecular 
weights for dextran derivatives shows the linear- 

0 0.01 0.02 

1 /I “hlW 

Fig. 6. Correlation between permeability coefficients P and P, 

and molecular weights for dextran derivatives and insulin. V. 

insulin hefore pretreatment at pH 2.0; v. insulin after pre- 

treatment at pH 2.0; 0, DT before pretreatment; 0. DT after 

pretreatment: A, DE hefore pretreatment: a. DE after pre- 

treatment: n . DS before pretreatment: 0, DS after pretreat- 

ment. Pretreatments were done with IO mM solution of GC. 
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3.0. 

2.0. 

weights are almost the same. The value of ((lo,/ 
is. therefore. assumed to bc I .O. and C/3,//3) for 
insulin is 1.73. It means that the value 01‘ the 

partition coefficient of insulin between the soIu- 

tion and the membrane surface, /3,. was increased 

by pretreatment with Gc‘. 

Fig. 7. Dependence of permeability corfficirnt raticl (P, /I’) on 

molecular weight. Pretreutmcnt\ wcrc done using IO mM 

solution of CiC. v, tn\ulin at pll 7.0: 0. DT. 

ity. It means that the values of P for DT. DE and 

DS decrease with increased molecular weight. 
Fig. 7 shows the independence of P,/P on the 

reciprocal of the square root of the molecular 
weight by pretreatment with 10 mM solution of 
GC. Comparing insulin with dextran of the same 
molecular weight, the value of P,/P for insulin by 
prctrcatment with GC was higher than that for 
hydrophilic dextran. This result suggests that in- 
sulin, which is hydrophobic, interacts with nasal 
mucosa pretreated by GC. Permeation is a com- 
plex phenomenon which combines the membrane 
constant. the partition coefficient and the diffu- 
sion coefficient, as shown in Eqn 2. Thercforc, 

the interpretation of the partition coefficient is 
normally difficult unless the three contributions 

can be separated. However, the change in the 
three factors by pretreatment with GC (f,/f. 
+,/cb, @,//3) is the indicator governing nasal 
membrane transport. The value of f,/f is con- 
stant and is assumed to be equal to 1.66 as in 
Table I, because GC is used as an absorption 
promoter for insulin and dextran. Since P,/P for 
dextran is about 1.66, (6,/d) . C/3,//3) is almost 
equal to 1.0. indicating that the interaction be- 
tween the dextran and the membrane has not 
been changed by the pretreatment. On the other 
hand, the value of P,/P for insulin is 2.87. which 
gives 1.73 for (4,/4). (p,/p). The value of 
(d,/4) is almost the same for DT (mw. 9000) and 
insulin (mw. about 6000) since their molecular 

Conclusion 

From the change in the membrane permcabil- 
ity coefficient of sodium chloride. it is known that 
the incrcasc in permeability for sodium chloride 
correlates positively with increasing hydrophobic- 

ity of bile salts. It seems that the dihydroxy bile 
salts are more effective as absorption promoters 
in the nasal mucosa. It is suggest4 that higher 
permeability should bc cxpcctcd if the drug is 
positively charged, as rabbit nasal mucosa ix ;I 

negatively charged membrane. It seemed that bile 
salts enhanced the permeability for water-soluble 
compounds which have high molecular weights 
(mw. 40500) since the temporal pores in the 
membrane which bile salts create are not small. 
The permeability for dextran derivatives in nasal 
mucosa increased 1.66 times because of the pre- 
treatment with sodium glycocholate. This in- 
crease is caused by an incrcasc in the membrane 
porosity. because the value 1.66 was equal to the 
value of (P,/P) for NaCI. The (P,/P) value fog- 

insulin was 2.87. which is considered to bc the 
product of 1.66 for the increase in membrane 
porosity multiplied by 1.73 for the increase in the 
partition coefficient of insulin in the nasal mu- 
COS;I by the pretreatment with sodium glyco- 
cholate. 
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