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Basic Studies on the Nasal Delivery of Insulin
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Nasal absorption of insulin was discussed to develop a delivery system that targets the systemic circulation or central
nervous system. Formation of insulin dimer and hexamer affects not only the diffusivity but also the membrane permea-
bility of insulin via aqueous channels. The Renkin function was used to evaluate penetration pathways of hydrophilic
compounds containing insulin through aqueous channels, and pore size and occupancy of the pathways were obtained as
the membrane parameters on the basis of the function. Cationic polymers applied on the mucosal membranes as
penetration enhancers increased the number of pathways for the hydrophilic compounds in the tight junctions, which
suggested that these compounds could be sufficient as additives for the nasal delivery of insulin. However, excess interac-
tion of the cationic enhancers with anionic insulin suppressed insulin permeation, and protection of insulin against
degradation in the permeation process was required to improve the nasal absorption. PEGylation of insulin could be a
possible way to improve the nasal delivery of insulin. In addition, combination of PEGylated insulin and modified cy-
clodextrin, which form pseudorotaxanes, can be applicable for further modification of pharmacokinetic and phar-
macodynamic properties of insulin. Such well-designed complex systems may be required for specific delivery of insulin
to the central nervous system.
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Table 1. Calculated and Observed Permeability of Insulin through Model Cellulose Membranes
Permeability coefficient (cm/s)
b b
Diffusivity, D (cm?/s) membrane A membrane B
r,=4.39 nm r,=5.21 nm
A,/A/Ax=13.3 cm™! A,/A/Ax=T.1 cm™!
calculated?® observed calculated® observed calculated® observed
monomer 2.13X10°¢ — 4.18X10~¢ 3.25X10°¢
observed — 1.14X10~¢ 1.70X 1077 1.64 X107 2.33X1077 3.15X1077
hexamer 1.01X10-¢ — 7.12X10-8 1.07 X107

a calculation using LogD= —0.434 LogMW —4.059. » membrane parameters were obtained using P of 6-CF and FD10. ¢ calculation based
on the Renkin function using the membrane parameters and calculated or observed D value of insulin.
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Fig. 1. Relationship between Diffusivity (D) and Absorption
Clearance (CL,) of FD after Nasal Application in Rats
O, @; Control: A, A; poly-L-arginine (PLA, 0.5%) as an absorption
enhancer. O, A were used to calculate the parameters for the simulation
curves based on the Renkin function.
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Fig. 2. Hypoglycemic Effect of Insulin after Nasal Application in Rats (a) and Ratio of Observed and Expected Permeability (Pobs/

Pexp) of Insulin through the Calu-3 Cell Monolayers (b)

(a) 0.2% absorption enhancers (ethylene glycol-gelatin (EG), spermine-gelatin (SG) or poly-L-arginine (PLA)) was co-applied with 10 IU/kg (100 IU/mL)

insulin into the nasal cavity of rats.

o, AUC.—AUC
b%= AUC,
(b) The expected permeability was calculated using membrane parameters of the Calu-3 cell monolayers based on the Renkin function. The effect of 0.2% SG on the
ratio was examined.
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Table 2. Problems in Nasal Application of Insulin Using Cationic Enhancers

Diffusion as dimer or hexamer

Strong interaction with cationic enhancers

Degradation in permeation process

— avoidance of the association

Use of rapid-acting analogues?

—> suppression of the interaction

Use of different enhancers?

—> inhibition of the degradation

Use of protease inhibitors?
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Fig. 3. Possible Introduction of PEG Chains to Insulin
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Table 3. Diffusivity (D) of PEGylated Insulins

D Calculated Estimated
(cm?/s) MW aggregate®
insulin 1.14X10-6 21928 tetramer
mono-PEG insulin  1.03X10-¢6 27327 tetramer
di-PEG insulin 1.61X10-¢ 9880 monomer
tri-PEG insulin 1.54X10-¢ 10924 monomer

a calculation using LogD=—0.434 LogMW —4.059. ® MW of single
PEG chain is 2000.
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Fig. 4. In Vitro Release Profiles of Insulin or PEG-Insulin

Insulin solution (33.3 IU/mL, 100 uL) was applied on a cellulose mem-
brane (MWCO=50000) and the insulin release via the membrane into PBS
(pH 7.4) was evaluated at 37°C. €, insulin; M, insulin+0.5% poly-L-argi-
nine (PLA); A, PEG-insulin+0.5% PLA. FITC labeled insulin and PEG-
insulin were used for the determination.
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25

Insulin Insulin PEG-insulin  PEG-insulin
+ PLA + PLA

Fig. 5. Effect of Poly-L-arginine (PLA) on the Hypoglyce-
mic Action of Insulin or PEG-Insulin after Nasal Applica-
tion in Rats

Insulin (10 IU/kg) or PEG-insulin (equivalent as protein) was applied

to nasal cavity of rats with or without PLA (0.5%).
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WTIRELE o> Ty, Wihicek, K
MWIZEET DA TH> THRIEEZ SO LM
[BIZHFIET 2N 7 — & it 0B B % rildde
WL TWD, BANOEZEITBT 2 EEORMER, 2
REZZUTADNITH G L, RN O AR %
ET LMD, 1A D PEGALKE, >
OFF A MY EMEERL, #HOoyF5 iz
BT ZENMENTNWS, ZTOMEIZ1 > A
CDOHERDGENS DRETHENTHDMN, Hnhd
OOFFA R TR MG D M2 EA
T5IET, FIAE, FHGERED U T > RZEHW
TERMEZES, KN TOREHARZ IHT 2L
TFHA 95, M TIRERARERHT 2 Z &7
SHONMTHRT 2 XKD ICHENT 5, REDHTT
A VMR LR 2 00 LR, Db D%
TIV—T7TiE, FITEEL TPEGIET > XU >~
ERHT DI AT AITDONT, BEWEZIT> TV
2.

SE CZTORUEMEE, JbREER KRR
O RFESETROIEFENM 2@ TIToTELD
DTHO, ZOWMETITHEENW, dbiEEsEe
K BRATEEIR BB ROERRREE AT, W
REFFAE RAGEELNR, HHHEBIITHEH W
ZUET. /2, EBRITHNITEW =M KD RIC
BILHL EFET.

REFERENCES

1) Seki T., Kanbayashi H., Nagao T., Chono S.,
Tomita M., Hayashi M., Tabata Y., Morimo-
to K., Biol. Pharm. Bull., 28, 510-514 (2005) .

2) Seki T., Kanbayashi H., Nagao T., Chono S.,
Tabata Y., Morimoto K., J. Pharm. Sci., 95,
1393-1401 (2006) .

3) SekiT., Kanbayashi H., Chono S., Tabata Y.,
Morimoto K., Int. J. Pharm., 338, 213-218
(2007) .

4) Seki T., Fukushi N., Chono S., Morimoto K.,
J. Control. Release, 125, 246-251 (2008) .

5) Morimoto K., Fukushi N., Chono S., Seki T.,

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

Tabata Y., Die Pharmazie, 63, 180184
(2008) .

Seki T., Hosoya O., Natsume H., Sato I.,
Egawa Y., Nakagawa H., Juni K., Morimoto
Y., J. Drug Del. Sci. Tech., 19, 331-335
(2009) .

Seki T., Sato N., Hasegawa T., Kawaguchi T.,
Juni K., Biol. Pharm. Bull., 17, 11351137
(1994) .

Vaka S. R. K., Sammeta S. M., Day L. B.,
Murthy S. N., J. Pharm. Sci., 98, 3640-3646
(2009) .

Illum L., J. Pharm. Pharmacol., 56, 762-765
(2004) .

Craft S., Baker L. D., Montine T. J., Mino-
shima S., Watson G. S., Claxton A., Arbuckle
M., Callaghan M., Tsai E., Plymate S. R.,
Green P. S., Leverenz J., Cross D., Gerton B.,
Arch. Neurol., 69, 29-38 (2012).

Francis G. J., Martinez J. A., Liu W. Q., Xu
K., Ayer A., Fine J., Your U. 1., Glazner G.,
Hanson L. R., Frey W. H., Toth C., Brain,
131, 3311-3334 (2008) .

Renkin E. M., J. Gen. Physiol., 20, 225-243
(1954) .

Hosoya O., Chono S., Saso Y., Juni K.,
Morimoto K., Seki T., J. Pharm. Pharmacol.,
56, 1501-1507 (2004) .

Tomita M., Sawada T., Ogawa T., Ouchi H.,
Hayashi M., Awazu S., Pharm. Res., 9, 648—
653 (1992).

Seki T., Harada S., Hosoya O., Morimoto K.,
Juni K., Biol. Pharm. Bull., 31, 163-166
(2008) .

Yoshioka Y., Tsutsumi Y., Ikemizu S., Yama-
moto Y., Shibata H., Nishibata T., Mukai Y.,
Okamoto T., Taniai M., Kawamura M., Abe
Y., Nakagawa S., Nagata S., Yamagata Y.,
Mayumi T., Biochem. Biophys. Res. Com-
mun., 315, 808-814 (2004).

Asada H., Mizokoshi Y., Douen T., Fujita T.,
Murakami M., Yamamoto A., Muranishi S.,
Pharm. Res., 11, 1115-1120 (1994) .



