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ABSTRACT

AIM; To evaluate the nasal absorption enhancement of
insulin by sodium deoxycholate (SDC) in combination
with cyclodextrins ( CD ). METHODS: The
concentration of glucose in blood was measured.
Scanning electron microscopy technique was used to
investigate the effect of enhancers on the nasal muco-
ciha. The effect of SDC in combination with CD on the
leucine aminopeptidase ( LAP) activity in the nasal
mucosa  was  observed. RESULTS: Iniranasal
administration of insulin (4 Urskg)} alomg with 0. 75 %
SDC/B-CD at a molar ratio of 1:2 slowly decreased the
blood glucose levels of rats.  The minimal blood glucose
level was (72.6 2.1} % of baseline, and which was
lasted for 3 h. Though the decrement of blood glucose
in0.75 % SDC/B-CD (1:2) treated group was less than
that m 0. 75 % SDC treated group, there was no
significant difference between the two groups in AOC,,
values (£ > 0.05). SDC (0.01 %) solution did not
have any absorption prompting effect. Scanning electron
microscopy investigation showed that .75 % SDC/B-CD
(12} solation had no marked damage on rat nasal
mucosa 4 h after nasal adminisiration, while 0. 01 %
SDC still had some damage on the rat nasal mucosa.
The inhibitory effect of SDC on the LAP activity was
decreased from 89.2 % 0 69.2 %, 71.5 %, 60.4 %,
and 61.3 % in 0.75 % SDC/B-CD (1:1), 0.75 %
SDC/3-CD (1:2), 0.75 % SDC/DM-B-CD (1:1), and
0.75 % SDC/DM-B-CD (1:2) treated group, respec-
tively. CONCLUSION. Combining 3-CD with SDC
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lowered the serious nasal ciliotoxicity of SDC and had a
marked absorption promoting effect, which was not due
to low “concentration of SDC but was related with the
inhibition of LAP activity,

INTRODUCTION

When peptide and protein drugs are administered
with a variely of absorption enhancers, they can transport
through the nasal membrane fast and effectively!'’.
These enhancers work by ome or a combination of
mechanisms, which include a direct effect on the nasal
mucosa; inhibitory effect on the proteolytic enzymes;
opening of the tight junctions between cells'® . Many in
vitro or in vivo tests prove that most of these promoters
have a damaging effect on the nasal membrane'>*.  So
the safety concern is raised for the use of such enhancers,
especially for chronic therapies. In nasal administration,
cyclodextrins{ CD)} can be used as absoiption enhancers of
peptide and protein drugs, which have low nasal
bicavailability™® . It is reported that CD could decrease
the toxicity of some absorption enhancers including
glycodeoxycholate, Laureth-9, and lysophosphatidylcho-
line®™ . And in our previous study, we found that the
marked nasal ciliotoxicity of SDC, which is a potent
nasal absorption enhancer, . could be lowered in
combination with 3-CD or DM-B-CD at a molar ratio of
1:.2.

A direct relationship has been found between the
absorption enhancing effect of bile salts and acylcamitines
and the subsequent
underiake this study to investigate whether combining
sodium deoxycholate( SDC) with B-CD or DM-3-CD will
influence the absorption enhancing effect of SDC or not,

membrane damage[a‘g] . We

MATERIALS AND METHODS

Drugs and reagents  SDC was purchased from
Sino-American Biotechnology Company. £-CD and
DM-B-CD were obtained from Tokyo Food Institution,
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Japan. Insulin -~ was purchased from Shanghai  trapezeidal rule. For statistical evaluation, an unpaired r
Biochemical Pharmaceutical Plant. Sodium  test was used.

pentobarbitone was obtained from Guangzhou Chemical
Reagent Factory.

Formulation Insulin was dissolved in a phosphate
buffer (pH 7.4). Before nasal administration, SDC
(0.75 % or 0.01 %) combined with %. 1 % 3-CD or
4.2 % DM-B-CD at a molar ratio of 1;2 was added into

the solution.  The various formulations were shown in Tab

1.
Tab 1. Yormulations used in the nasal absorption
studies.
. Tnsutin/ Molar ratio
Absorption ephancers KU-L-! (SDC cyclodextin}

Control Pt -

0.75 % SDC 24 -

4.1% 3CD 2 -

0.75 % SDC/4.1 % 3-CD 24 1.2

1.2 % DM-CD % -

0.75 % SDC/4.2 % DM-3-CD 24 1.2

0.01 % SDC ] -

Nasal absorption  Nasal absorption studies were

performed as described by Hirai er ai''™ and modified by
Fisher ef al'"'.  Briefly, male Sprague-Dawley
(244 g+42 g, Experimental Animal Center, Fudan
University, Grade [, Certificate No 005) rats wers
fasted for 18 h with water ad libim. They were
anesthetized with an ip injection of sodivm pentobarbitone
at 60 mg/kg. The trachea was cannulated, and the
oesophagus was tied to the tracheal cannula. The
experiment was started 30 min after the operation.  When
necessary, anesthesia was maintained by further
administration of sodium pentobarbitone at 15 mg/kg.
The insulin solutions 4 Us/kg were administered (o rats by
instilling ope side of the nasal cavity via
microsyringes and a polyethylene wbe (PE-30). Blood
samples (130 ;L) were collected from the caudal vein
and the serum was isolated by centrifugation. The
blood-glucose concentrations were determined within 30
min after sample collection by the glucose oxidase method
using a reagent kit { Shanghai Shengfeng Biological
Reagent Factory ) and UV-visible spectrophotometer
(Shanghai Third Analytical Instrument Plant). Blood
glucose values were calculated as a percentage of the
blood glucose concentration measured just before the start
of the experiment. The area above the blood glucose
versus time curves { AOC,,) was calculated using the

nto

Scanning electron microscopy observations
Rats were killed 4 h after the nasal administration of
insulin solutions with 0.01 % SDC or 0.75 % SDC
combined with 3-CD at a molar ratio of 1:2 as
enhancers. The nasal septum mucosa was removed, and
its surface was washed with cold saline. Then the tissue
sample was fized with 2.5 % glutaraldehyde solution and
1 % osmic acid. The sample was dehydrated by a series
of ethanof dilution, replaced by r-amyl acetate, dried at
critical point of carbon dioxide, coated with gold by an
ion coater, and examined under a scanning electron
microscope {S5-320, HITACHI Japan).

Determination of leucine aminopeptidase
(RLAP) activity in the nasal mucose homogenate
Afier the rats were decaptitated, the nasal septum mucosa
was isolated and homogenized in a 10-fold volume of cold
saline in a glass homogenizer. The homogenate was
centrifuged at 9000 x g for 10 min at 4 T and the
supernatant was frozen till use. LAP activity of the nasal
mucosa homogenate was estimated according to the
modified Goldbarg method.  Supematant 50 pl. was
added 1o 0.5 mL of a substraie solution, prepared by
dissolving L-leucylnaphtylamide hydrochloride 20 mg in
100 mL of phosphate buffer (). 05 moiL {(pH 7.G).
The mixture was incubated at 37 °C for 5 min. After 1
mL of HCl 0. 2 mol/L was added to terminate the
enzymatic feaction. 1 mL of 4 % p-dimethylamino-
benzaldehyde ethanol selution was added to the mixture.
Afier 20 min, the optical density ( 0D ) value of the
mixture was measured at 450 nm.

RESULTS

Nasal absorption enhancement activity of
SDC combined with B-CD  Nasal administration of
insulin (pH 7.4) to rats showed a slight fall in blood
glucose (Fig 1). When insulin in combination with
4.1 % (w/v) B-CD was administered nasally to rats, the
minimal blood glucose level and AOC,, value were
markedly greater than those of controf group. SDC was
a powerful enhancer, When insulin solution was
administered with 0. 75 % SDC as an enhancer, the
blood glucose reached the minimal level at about 45 min
afier administration. The minimal percentage of biood
glucose in 0.75 % SDC group was lower and the AOC, ,
value was greater than that in the control and 4.1 %
3-CD group. The minimal percentage of blood glucose
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level in 0. 75 % SDC/B-CD (1:2) group were higher
than in 0.75 % SDC group (P < 0. 05), but the
difference of the AOC,, values between the two groups
was not significant { £ >0.05) (Tab 2).
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Fig 1. Changes in blood glucose concentration after

masal administration of insulin 4 Ur/kg with or without
enhancer inrats. n=5. {Q) Control; (@)} 0.75 %
SDC: (x ) 4.1 % B-CD; ((J) 0.75 % SDC/B-CD (1:2}.

Nasal absorption enhancement activity of
SDC combined with DM-B-CD  When insulin
solution was administered with 4.2 % DM-3-CD, the
decrease of blood glucose level and the increase of
AQC, , values were greater than that in the control group.
The blood glucose-time profile of 4.2 % DM-B-CD
group was generally similar in shape with that of 0.75 %
SDC group {Fig2). I 0.75 % SDC/DM-B-CD (1:2)
group, both the maximum fall in the blood glicose level
and the AOC,, values were Jess than those in 4.2 %
DM--CD group. The difference in minimal percentage
of blood ghuicose between 0.75 % SDC/B-CD (1:2) and
0.75 % SDC/DM-3-CD (1:2) group was not significant
(Tab 2).

Nasal abserption enhancement activity of
0.01 % SDC 0.0l % SDC had no marked effect on
the absorption of imsulin. There was no significant
difference in the maximum decrease in blood glucose
level, AOC,., values, and time course in 0.01 % SDC
group compared with the control group (Tab 2, Fig 3).
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Fig2. Changes in serum glucoese concentration after nasal
administration of insulin 4 U/kg with different enhancers
inrats. n=5. () Control; (@) 0.75 % SDC; (H)
4.2 % DM-B-CD; (4) 0.75 % SDC/DM-B-CD (1:2].

Scanning electron microscopy observation
As shown in Fig 4, cilia on the nasal mucosa treated with
0.75 % SDC solution combined with B-CD were similar
to those in the negative control ( physiological saline).
However, the cilia on the nasal mucosa treated with
0.01 % SDC were partially denuded. The results
suggested that 4 h after nasal administration of 0.75 %
SDC combined with B-CD at molar ratio 1:2 had no

Tab 2. Hypoglycemic effect of nasal administration of insidin 4 U/kg with or without absorption enhancers in rats. n=

5. x+s. P>0.05, "P<0.05, P <0.01 vs control group.

4.1% pCD. P <0.05 vs 4.2 % DM-B-CD group.

iP5 0.05, P <0.05 vs 0.75 % SDC group. *P>0.05 vs

Absorption enhancers M’aﬁw; of 7 i/ LI AOC, /% *min
Control B+6 42 + 20 10+8
0.75 % SDC 57+18° 913 62+ 32°
4.1 % pCD 19+ 6° 2+34 2+
0.75 % SDC/ B-CD(1:2) 72.6x2.1% 11 +58 42.2x1.6°
4.2 % DM-B-CD 48+ 14 368 6934
0.75 % SDC/DM-R-CD(1:2) 71+ 15 66+ 31 M 13k
0.01 % SDC 93 +3° 60+0 T+6
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damage on the rat masal mucosa, while SDC at low
concentration of (.01 % stll had damaging effect on the
nasal mucosa,

Inhibitory of LAP activity 0. 75 % SDC
caused more than 80 % inhibition of LAP activity, while
the inhibition induced by 3-CD and DM-3-CD was less
than 30 % . Combining the two kinds of CD with SDC
decreased the inhibitory effiect of SDC (Tub 3)
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Fig 3. The hypoplycemic effect of intranasal

administered insulin (4 U/kg) with of without 0.01 %
SIX as absorption enhancer. n=35. (0] Contral;
[ & )0.01 % SDC.

Tab 3. Inhibitory effect of SDC with or without CD on
the leucine aminopeptidnse activity in the nasal mucosi.
n=3 xzxs, P<0.01 ps0.75 % SDC.

Absorplion cnhanoers Intibition” %
15 BT e
M2 5
16.3+2.5
205110
02406
15206
A | AF
[ B TR
2400

2.1 %RCD

4.1 %pCD

2.1 % DM-3CD

1.2 % DM-p-CD

176 % SDC/ARCDOL L)
0.75 % SDC/RCDOL:2)
0.75 % SDC/DM-3.CD{1:1)
0.75 % SDU/DM-RCD(1;2)
0.7 % SO

DISCUSSION

Nasal absorption studies showed that SDC and
DM-3-CD were effective in promoting the  intmnasal
absorption of insulin in rats, while -CD was refatively
less potent, which confirmed previous neportst -1
Administrition of msulin with SDXC combined with 3-CD
or DM-(3-CD as absorption enhancer at molar ratio of 1:2
was less cffective in lowering blood glucose levels
compared with 0, SDC alone,  However it was
interesting to note that the inhibitory effect of SDC/E-CD
(1:2) on blood glucose level lasied for a longer time than
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Fig 4. Scanning electron micrographs of the rat nasal
mucosa 4 h after nasal admimstration of insulin selution 4
Ukg., A) 0,75 % SDC combined with CD at molar
ratio of 1:2; B) 0.01 % SDC; C) Normal saline.
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0.75 % SDC alone, so there was no significant
difference in AOC,, values between the two groups.
The scanning electron microscopy observations showed
that 4 h after nasal administration of 0.75 % SDC/B-CD
{1:2) did not damage the rat nasal mycosa, which was
the same as chronic administration of #("*).

On the other hand, AOC , value in 0.75 % SDC/
DM-3-CD (1:2) group was less than that in 0.75 %
SDC group. Based on these results we proposed that
compared with DM-8-CD, B-CD was more suitable for
lowering the ciliotoxicity of SDC as it could protect nasal
mucosa against the darmnaging effect of SDC, while still
maintaining partial enhancing ability .

h was difficult to interpret the results that in
comparison with SDC alone, SDC in combination with
3-CD produced a longer duration of insulin absorption.
Gill et al reported that the presence of hydroxypropyi-
d-cyclodextrin ( HP-8-CD) did not reduce the absorption
enhancing effect of Laureth 9, while it could lower its
damaging effect on nasal mucosa™®'. They speculated
that it might be due to the potent enhancing ability of
Laureth 9 that it could promote the nasal absorption of
insulin at low concentration. A balance between the
extent of absorption enhancement and damaging effect, in
other words, activity and safety, was maintained when
Lawreth 9 was used in combination with HP-B-CD.
However the results of the present study did not support
this. It was found that SDC at a low concentration of
0.01 % had no marked absorption enhancement activity
but still had a damaging effect on the nasal mucosa.

It is well known that insulin is subjected to
degradation by proteolytic enzymes such as LAP during
passage through the mucosal membrane.  The inhibitory
effect of SDC/E-CD (1:2) or DM-B-CD on LAP activity
may be one of possible mechanisms to explain the its
ahsorption promoting effect.

In conclusion, combining SDC with 3-CD at molar
ratio of 1:2 was a convenient way lo lower the nasal
toxicity of SDC and still had an absorption promoting
effect.
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