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Summary

Formulation of Insulin Containing Niosomes and the Effect of Their Oral Administration on Blood Glucose
in Streptozotocin-induced Diabetic rats

Pardakhty A., PhD.,' Varshosaz J., PhD.,’ Haghashemi V., PhD.? and Rouhlamini A., PhD.*

1. Assistant Professor, Pharmaceutics Department, School of Pharmacy, Kerman University of Medical Science, Kerman, Iran, 2. Associate
Professor, Pharmaceutics Department, School of Pharmacy, Isfahan University of Medical Science, Isfahan, Iran, 3. Associate Professor,
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Multilamellar vesicles (noisome) of polyoxyethylene alkyl ether surfactants (Brij 52, 72, 76 and 92) were prepared
using classic film hydration method. Vesicle formation ability of the surfactants was assessed in presence or absence of
cholesterol. All used surfactants formed vesicles in the absence of cholesterol. Recombinant human insulin was used as
a model protein drug to investigate encapsulation efficiency and release characteristics of the vesicles. The amount of
insulin released in simulated intestinal fluid (SIF) and simulated gastric fluid (SGF) from Brij 92 vesicles was lower
than the other ones. This vesicles also showed the highest protection of insulin against proteolytic enzymes, pepsin and
trypsin. Diabetes was induced by IP injection of streptozotocin (65 mg/kg) in male wistar rats. Animals treated with

oral niosome (Brij 52 and 92)-encapsulated insulin (100 1U/kg) showed decreased levels of blood glucose and elevation
of serum insulin, which in the case of Brij 92 niosomes the hypoglycemic effect was significant (P< 0. 05).

Key words: Insulin, Oral drug delivery, Polyoxyethylene alkyl ethers, Niosome
Journal of Kerman University of Medical Sciences, 2005; 12(2): 119-129

References

1) Agarwal V, Reddy IK and Khan MA. 3) Arunothayanun P, Turton JA, Uchegbu IF and
Polymethyacrylate based microparticulates of insulin Florence AT. Preparation and in vitro/in vivo
for oral delivery: preparation and in vitro dissolution evaluation of luteinizing hormone releasing hormone
stability in the presence of enzyme inhibitors. Int J (LHRH)-loaded polyhedral and spherical/tubular
Pharm 2001; 225(1-2): 31-90. niosomes. J Pharm Sci 1999; 88(1): 34-38.

2) Arrieta-Molero JF, Aleck K, Sinha MK, 4) Baillie AJ, Florence AT, Hume LR, Muirhead GT
Brownscheidle CM, Shapiro LJ and Sperling A. Orally and Rogerson A. The preparation and properties of
administered liposome-entrapped insulin in diabetic niosomes, non-ionic surfactant vesicles. J Pharm
animals. Horm Res 1982; 16(4): 249-256. Pharmacol 1985; 37(12): 863-868.

1YYy



5) Brewer JM and Alexander J. The adjuvant activity
of non-ionic surfactant vesicles (niosomes) on the
BALB/c humoral response to bovine serum albumin.
Immunology 1992; 75(4): 570-575.

6) Carino GP, Jacob JS and Mathiowitz E.
Nanosphere based oral insulin delivery. J Control
Release 2000; 65(1-2): 261-269.
7) Chattaraj SC and Das
characterization of influenza viral loaded surfactant
vesicles. Drug Deliv 2003; 10(2): 73-77.

8) Chung H, Kim J, Um J.Y, Kwon IC and Jeong SY.
Self-assembled nanocubicle as a carrier for peroral
insulin delivery. Diabetologia 2002; 45: 448-451.

9) Damge C, Vranckx H, Balschmidt P and Couvreur
P. Poly (alkyl cyanoacrylate) nanospheres for oral
administration of insulin. J. Pharm. Sci. 1997; 86(12):
1403-1409.

10)Dufes C, Gaillard F, Uchegbu IF, Schatzlein G,
Olivier JC and Muller JM. Glucose-targeted niosomes

SK. Physicochemical

deliver vasoactive intestinal peptide (VIP) to the brain.
Int J Pharm 2004; 285(1-2): 77-85.

11)Ferro VA, Costar R, Carter KC, et al. Immune
responses to a GnRH-based antifertility immunogen,
induced by different adjuvants and subsequent effect
on vaccine efficacy. Vaccine 2004; 22(8): 1024-1031.
12)Foss AC, Goto T, Morishita M and Peppas NA.
Development of acrylic-based copolymers for oral
insulin delivery. Eur J Pharm Biopharm 2004; 57(2):
163-169.

13)Hashimoto A and kawada J. Effects of oral
administration of positively charged insulin liposomes
on alloxan diabetic rats: preliminary study. Endocrinol
J1979; 26(3): 337-344.

14)Hofland HEJ. Vesicles as transdermal drug delivery
systems, Ph.D. thesis. University of Leiden, Leiden,
The Netherlands, 1992.

15)Iwanaga K, Ono S, Narioka K, Kakemi M,
Morimoto K, Yamashita S, Namba Y and Oku N.
Application of surface-coated liposomes for oral
delivery of peptide: effects of coating the liposome’s
surface on the GI transit of insulin. J Pharm Sci 1999;
88(2): 248-252.

16)Khaksa G, D’Souza R, Lewis S and Udupa N.
Pharmacokinetic study of noisome encapsulated
insulin. Indian J Exp Biol 2000; 38(9): 901-905.

128

17)Kim A, Yun MO, Oh YK, Ahn WS and Kim CK.
Pharmacodynamics of insulin in polyethylene glycol-
coated liposomes. Int J Pharm 1999; 180(1): 75-81.
18)Kimura T, Sato K, Sugimoto K, et al. Oral
administration of insulin as poly (vinyl alcohol)-gel
spheres in diabetic rats. Biol Pharm Bull 1996; 19(6):
897-900.

19)Kisel MA, Kulik LN, Tsybovsky IS, et al
Liposomes with phosphatidylethanol as a carrier for
oral delivery of insulin: studies in the rat. Int J Pharm
2001; 216(1-2): 105-114.

20)Lehr C-M. Bioadhesive drug delivery systems for
oral application. Ph.D. thesis, University of Leiden,
Leiden, The Netherlands, 1991.

21)Manosroi A, Wongtrakul P, Manosroi J, et al.
Characterization of vesicles prepared with various non-
ionic surfactants mixed with cholesterol. Colloid
Surfaces B: Biointerfaces 2003; 30: 129-138.
22)Memisoglu E, Oner F, Ayhan A, Basaran I and
Hincal AA. In vivo evaluation of thGM-CSF wound-
healing efficacy in topical vehicles. Pharm Dev
Technol 1997; 2(2): 171-180.

23)Morcol T, Nagappan P, Nerenbaum L, Mitchell A
and Bell SJ. Calcium phosphate-PEG-insulin-casein
(CAPIC) particles as oral delivery systems for insulin.
Int J Pharm 2004; 277(1-2): 91-97.

24)Morishita M, Morishita I, Takayama K, Machida Y
and Nagai T. Novel oral microspheres of insulin with
protease  inhibitor protecting  from
degradation. Int J Pharm 1992; 78: 1-7.
25)Morishita M, Goto T, Peppas NA, et al. Mucosal
insulin delivery

enzymatic

systems based on complexation
polymer hydrogels: effect of particle size on insulin
enteral absorption. J Control Release 2004; 97(1): 115-
124.

26)Murdan S, Gregoriadis G and Florence AT.
Sorbitan monostearate/polysorbate 20 organogels
containing niosomes: a delivery vehicle for antigens.
Eur J Pharm Sci 1999; 8(3): 177-186.

27)Niemiec SM, Ramachandran C and Weiner N.
Influence of non-ionic liposomal composition on
topical delivery of peptide drugs into pilosebaceous
units: an in vivo study using the hamster ear model.

Pharm Res 1995; 12(8):1184-1188.



28)Rentel CO, Bouwstra JA, Naisbett B and Junginger
HE. Niosomes as a novel peroral vaccine delivery
system. Int J Pharm 1999; 186(2): 161-167.

29)Shao Z Li Y, Krishnamoorthy R, Chermak T and
Mitra AK. Differential effects of anionic, cationic,
the
dissociation, a-chymotryptic degradation and enteral

nonionic and physiologic surfactants on
absorption of insulin hexamers. Pharm Res 1993;
10(2): 243-251.

30) Tabbakhian M. Oral delivery of insulin by polymer-
coated liposomes. Ph. D. thesis. University of Alberta,
Edmonton, Canada, 1998.

31)Takeuchi H, Yamamoto H, Niwa T, Hino T and
Kawashima Y. Enteral absorption of insulin in rats
from mucoadhesive chitosan-coated liposomes. Pharm
Res 1996; 13(6): 896-901.

32)Uchegbu IF and Vyas SP. Non-ionic surfactant
based vesicles (niosomes) in drug delivery. Int J Pharm
1998; 172: 33-70.

33)Van Hal, D. A. Non-ionic surfactant vesicles for
dermal and transdermal drug delivery. Ph.D. thesis.
University of Leide, Leiden, The Netherlands, 1994.
34)Varshosaz J, Pardakhty A, Hajhashemi V and
Najafabadi  AR. and

Development physical

129

characterization of sorbitan monoester niosomes for
insulin oral delivery. Drug Del 2003; 10: 251-262.
35)Waranuch N, Ramachandran C and Weiner ND.
Controlled topical delivery of cyclosporin-A from non-
ionic liposomal formulation: mechanistic aspects. J
Liposome Res 1998; 8(2): 225-238.

36) Weingarten C, Moufti A, Delattre J, Puisieux F and
Couvreur P. protection of insulin from enzymatic
degradation by its association to liposomes. Int J
Pharm 1985; 26: 251-257.

37Wu ZH, Ping QN, Wei Y and Lai JM.
Hypoglycemic efficacy of chitosan-coated insulin
liposomes after oral administration in mice. Acta
Pharmacol Sin 2004; 25(7): 966-972.

38)Yoshida H, Lehr CM, Kok W, Juninger HE,
Verhoef JC and Bouwstra JA. Niosomes for oral
delivery of peptide drugs. J Control Rel 1992; 21: 145-
154.

39)Yoshioka T, Strenberg B and Florence AT.
Preparation and properties of vesicles (niosomes) of
sorbitan monoesters (Span 20, 40, 60 and 80) and a
sorbitan triester (Span 85). Int J Pharm 1994; 105: 1-6.





