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Tab 1. Comparison of the degree of modification and viscosity different CEC

resulting out of an increasing share of EDTA during the coupling reaction

. Viscosity (polymer
EDTA . Ren}mmng free concentration,
Resulting polymer amino groups 0
() 0, o 0.25%)
(%, n=6) —

(cp n=6)
1. 82  Conjugate 1 ‘10(CECD) 4.1+028 982+81
3.63 Conjugate 1 20(CEC2) 0.1+0 07 19177
7.26  Conjugate 1 40(CEC3) — 179+79

. 4

200
-——

A B
Fig 1 Transmission electron photomicrograms of insulin iposomes

A. uncoated lippsomes; B CEC-coated liposomes

Tab 2 Effect of 1% CEC with different degree of modification on size and

Zeta potential of insulin-liposomes

CEC(1%)  Zeta potential (mV)  Size (nm) Polyindex
CEC1 18 230.7 Q2%
CEC2 L6 26. 4 Q 251
CEC3 L5 21.0 Q0212

Tab 3. Effect of CEC2 with different concentrations on size and Zeta poten-

tial of insulin-liposomes

Concentration (%) Zeta potential (mV)  Sizz (nm)  Polyindex

0 -2.8 170 3 Q273

0.5 13 207 4 Q0 142

L0 16 26 4 0 251

L5 19 2392 Q 009

20 21 253 7 0 163

3.3 fERAR@IEGN T

4 5 CEC

o

Tab 4. Entrapment efficiencies of insulin-lippsomes coated by 1% CEC with
different degree of modifi cation

CEC%) Entrapment efficiency(%)
CEC1 4. 4
CEC2 .7

CEC3 7.5
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Tab 5. Entrapment efficiencies of insulin-liposanes coated by CEC2 with i 6 CEC
different cncentrations ; 7
CEC2(%) Entrapment efficiency ( %5) CEC
0 .1
05 4.3 ’
10 7.7 3.4.2 CEC &LEME & IBRAKEREG BT o942
b 79 A8 CEC
20 7.3
;9
3.4 S FIRARAER Ba B PR HT CEC
3.4 1 CEC @& By I MRET &G 8+ aoiz .

Tab 6 Remaining ratio of insulin after incubation of insulin-liposomes coated by 1% CEC with different degree of modification in pepsin solution(x &5, n=3)

¢(min) Ins(%) Ins+CEC2(%) Uncoated ( %5) CEC1(%) CEC2(%) CEC3(%)
0 100. 00 100 100. 00 100 100 100
05 87.6+5 15 99 3-+1. 41 X 61450 91.1+2 74 91 5+1.21 8. 412 36
1 70.4+4 17 99 2+2 33 85.9+3 24 91.0+1 91 90 7+1.83 8 0+2 71
2 58941 43 96 2+2 14 75.3+2 14 86.4+2 87 87 342 02 8.2+2 44
5 45142 31 95 5+1. % 50.9+4.23 85.4+1 73 85 7+1.33 84 6+1.55
10 25343 26 95 442 63 2 7+2 33 82 8+2 64 8324219 76. 13,02
15 10.8+2 73 93 84+0. 79 13.8+3.19 80. 141 18 81 8+1. 41 7524263
30 6.4+1.08 91 4+1. 10 3914278 77.1+3 @ 79 6+0. 88 6. 6+0.94

Tab 7. Remaining ratio of insulin after inaibation of insulin-liposomes coated by CEC2 with different cncentrations in pepsin solution(x s, n=13)

t(min) 0.5% CEC2(%) 1 0% CEC2(%) 1.5% CEC2(%) 2 0% CEC2(%)

0 100 100 100 100

05 89 3+2 31 91.5+1.21 99 342 4 9. 141.20
1 83 1+2 57 20.7+1.83 92 942 75 % 2+2 02
2 80 6+1 76 87.3+2.02 91 61. 9 93.9+3.07
5 69 8+0 R 8.7+1.33 90 0+2. 11 9.6+1 18
10 6363 03 8.2+2 19 87 543 03 9. 5+2 71
15 559+1 72 8L 841 41 83 140. 74 €.2+1.95
30 33242 % 79.6+0. 88 79 9+1. 38 8. 44301

Tab 8 Remaining ratio of insulin after incubation of insulin- lipssomes coated by 1% CEC with different degree of modification in trypsin solution(x £ n= 3)

t(h) Ins(% ) InsTCEC2( %) Uncoated (%) CEC1(%) CEC2(%) CEC3(%)
0 100 100 100 100 100 100
0.25 97.3+2 33 96 1+1. 37 0. 4+4. 61 79.8+2 12 86 8+1. 56 76.3+1.11
Q5 96.6+4 26 96 012 12 8. 8+1.25 58.3+3 8 68 242 37 53.5+2.50
1 85.8+3 35 94 343 24 71. 3+3.24 46.9+3 12 42 441 55 52.0+2.47
L5 74.8+2 01 92 04 11 6 8+1.22 3872 4 32343 11 30.9+1.53
2 64.5+2 17 91 440. &7 45. 5+2.55 24.1+1 97 24 64219 25.8+2 61
3 48.9+3 02 82 8+1. 18 40. 4%=3.31 14.0+2 &8 19 042 78 23.4+0.93
4 31.4+1 21 80242 43 2. 61+3.23 9. 41+£3 54 11 142 4 10. 73,14
5 27.840 79 69 542 39 2 6+2 13 6.90+t171 9.4242 63 31+115
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Tab 9. Remaining matio of after incubation of insulin- iposomes coated by CEC2 with different concentrations in trypsin sohition(x =5, n=3)
t(h) 0 5%CEC2(%) 1. 0% CEC2(%) L 5%CEC2(%) 2. 0% CEC2(%)
0 100 100 100
0.25 87241 13 8.8+ 1.56 96 0+2 14 90.7+1.94
Q5 74 8+£2 18 68.2+2 37 74 8+t1. 77 75.3+2.16
1 533+1 51 9 4+1.55 46 61229 56.3£0.76
L5 4371 8 3234311 43 743 18 4.243.02
2 319+2 2 24. 61209 29 2+1. 62 31.941.15
3 26 20 % 19.0+2. 78 20 3+1. 2 26.242 32
4 14 51 07 1. 12 42 14 5+3. 10 16.241. 61
5 9.02+2 31 9 £2+2 63 9.79+2 (2 11. 142 01
3.5 CEC @& Mfh & Fa/m kel M #3215 ) 120 ; EDTA
2 CEC s 110 ,
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Effects of Chitosan-EDTA  Conjugates on Insulin

Nano-liposomes
WU Zheng-Hong, PING Qi-Neng, SONG Yun-Mei, 11 JiamYing, CAI Peng
(Department of Pharmaceutics, China Pharmaceutical University, Nanjing 210009 , China)

[ABSTRACT)Y AIM: To evaluate the characteristics and the hypoglycemic efficacy of insulin liposomes coated by
chitosan-EDTA conjugates (CEC) having different degrees of modification and concentrations after oral administration in
mice. METHOD: CEC was synthesized from chitosan. Insulin-liposomes were prepared by reversed-phase evaporation.
CEC coating was carried out by mixing the liposomal suspensions with the CEC solution, followed by incubation. The
morphological examination of insulin-liposomes was performed with transmission electron microscopy (TEM). The par-
ticle size and Zeta potential were analyzed by using photon correlation spectroscopy and laser doppler anemometty. The
entrapment efficiency was determined with HPLC and ultracentrifuge. The protection of insulin from peptic and tryptic
digestion was studied with HPLC. The hypoglycemic effects of CEC-coated insulin liposomes were investigated using
the glumse oxidase method after oral administration in mice. RESULT: A molar ratio of 1: 20(D-glucosamine subunit
of chitosan; EDTA ) leads to an almost quantitative modification of all free amino groups. A higher excess of EDTA dur-
ing the coupling reaction did not lead to a higher degree of modification. In contrast, a lower molar ratio than 1 20
leads to a polymer conjugate of comparable higher viswsity. The Zeta potentials and the particle sizes of CEC-coated
insulin-liposomes were found to be increased with increasing concentration of CEC, but slightly decreased with increas-
ing degree of modification. The entrapment efficiencies had no obvious correlation with the degree of quaternization and
the concentration of CEC. All insulin-liposomes were of spherical or ellipsoidal shape. In peptic solutions, CEC and
CEC-coated liposomes had abilities of protecting insulin from peptic digestion, which were increased with increased
concentration of CEC. However, the abilities of CEC-coated liposomes were slightly lower than those of CEC. In all
CEC-coated liposomes, the protective action of CEC2-coated liposomes was the strongest. In tryptic solutions, CEC had
the ability of protecting insulin from tiyptic digestion. However, CEC-coated liposomes had no protective action of in-
sulin, even it could enhance digestion of insulin. All CEC-ated liposomes had definite hypoglycemic effectss and the
effect was found to be increased with increasing concentration of CEC. As compared with the other CEC-ated insulin
liposomes, CEC2-coated insulin lippsomes have better hypoglycemic effects. The minimum blood glucose was 39. 3 % of
the initial blood glucose. The blood glucose reducing effect could last 4 h after oral administration by mice. CONCLU-
SION: Proteolytic activity of pepsin and trypsin could be inhibited by CEC. CEC-coated liposomes could enhance en-
teral absorption of insulin. Degree of modification and concentrations of CEC were well correlated with the hypo-
glycemic effect of CEC-coated insulin liposomes.

[KEY WORDS]) Chitosan-EDTA conjugates; Insulin; Liposomes; Hypoglycemic effect
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