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Tab 1 Effect of different doses of INS SOL given intrapulmonarily on blood glucose levels in normal rats

Doses / Change of blood glucose level / %

ukg™! 0h 0.5h 1.0 h 2.0h 3.0 h 4.0h

Control 100 98.7%5.7 110. 1 X£24.7 109.1*18.9 112.6 £17. 1 113.7 £19. 1
0.5 100 92.6%5.7 81.9%7.7° 86.316.2" 86.216.3" " 95.3 8. 2"
1.0 100 76.5£8.477 65.5%7.1°7 63.1%17.477 65.2F12.4"7 71.7£18.5°"
5.0 100 71.9f11.0° " 52.5+8.8"° 33.6X19.0°° 26.7%16.3" " 35.6 £10.9" "

Control: phosphate buffer solution (pH 7). Blood glucose level at 0 h was taken as 100% . ~ P< 0.05, "~ P< 0.01

vs control, n= 5~ 6.

Tab 2 Effect of INS SOL at different pH conditions given intrapulmonarily on blood

glucose levels in normal rats

Doses/ Change of blood glucose level / %

uskg™ ! 0h 0.5 h 1.0 h 2.0h 3.0h 4.0h

Control 100 98.7%5.7 110. 1 £24.7 109. 1 £18.9 112.6 £17. 1 113.7 £19. 1
0.5(pH 7) 100 92.6%5.7 81.9%7.7 86.316.2 86.216.3 95.31+8.2
0.5(pH 3) 100 71.1%5.9°° 58.8%6.3°° 73.7+8.5° 86.116.8 99.9+10.8
“P<0.05 " P< 0.0l vs 0.5ukg '(pH 7) INS-SOL, n= 5~ 6.

Tab 3 Effect of INS SOL given intrapulminarily with co-administered enzyme inhibitor

or various

absorption enhancers on blood glucose levels in normal rats

Change of blood glucose level / %

Condition
0h 0.5h 1.0 h 2.0h 3.0h 4.0h
0.5 uskg™ ' INS-SOL sc 100 45.4%7.3"° 33.3+7.8°° 53.3%6.2°° 58.3%6.0°° 68.2%5.9""
0.5 uskg™ "INS-SOL it 100 92.6%5.7 81.9%7.7 86.316.2 86.216.3 95.318.2
+ 1% EDTA 100 90.9E5.0 92.6%2.2 87.8%9.7 91.7%13.5 95.218.9
+ 1% OA 100 84.914. 8 90.014.6 84.313.0 96.818.9 98.21+6.9
+ 1% SCa 100 84.817.9° 79.2%6.3 75.6 £7.2° 83.1%9.7 82.7%4.8°°
+ 1% Brij3s 100 81.2%5.2°° 65.0%7.3°° 76.619.8 83.0%7.6 83.0 *8. 8"
+ 1% Brij78 100 72.5%6.1°° 66.716.9"° 71.4 9. 5° 80.0%9.8 80.1=*11.5
+ 20 mmol* L™ ' SCh 100 77.7%11.1° 59.1%16.2° " 58.4%20.7° " 70.4£23.8 76.7 £20. 7
+ 1% 2-HP-B-CD 100 86.1%9.5 77.5%9.5 74.5 7.9 88.1+13.7 106.9 £21. 8
+ 5% 2-HP-B-CD 100 78. 414 4" 82.913.4 77.7£11.2 96.1%6.2 105.6 *12.5
1.0 uskg™ "INS-SOL it
+ 20 mmol* L~ ! bacitracin 100 61.4x7. 6" 42.2%5. 8 * 52.9%16. 2% 60.6%15.7 76.2 9.7

sc: Subcutaneous; it:

ok

Hydroxypropyt B cyclodextrin. * P< 0.05,
u'kg” ' INS-SOL, n= 5~ 6.

Intratracheal; OA: Oleic acid; SCa: Sodium caprilate; SCh: Sodium cholate; 2-HP-B-CD: 2-
P<0.01 vs 0.5 urkg ' INSSOL; * P< 0.05, ** P< 0.01 vs 1.0
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Tab 4 Pharmacological bioavailability ( PBA) of
INS SOL after intrapulmonary delivery to normal
rats under different conditions

AAC/ % *h
Condition 0 PA/%
M ean +S.D.
0.5 ukg” ' INS-SOL se 181.68 14.79 100.0
0.5 ukg” 'INS-SOL it (pH 7) 47.26 11.69 26.01

0.5ukg” "INS-SOL i.t (pH 3)  97.80 27.20  53.83"°

+ 1% EDTA 34.64  26.34  19.07
+ 1% OA 37.69  6.08  20.75
+ 1% SCa 73.14  24.44  40.26°
+ 1% Brij35 84.62 24.37  46.58"
+ 1% Brij78 97.36 21.91 53.59"°
+ 20 mmol*L™ ' SCh 125.42  68.69  69.02°
+ 1% 2-HP-B-CD 62.97 30.30  34.66
+ 5% 2-HP-B-CD 51.81 18.55 28.52
20 mmol* L.~ ! bacitracin 165.75 35.87 45.62" 7

sc: Subcutaneous; it: Intratracheal; OA: Oleic acid; SCa:
Sodium caprilate; SCh: Sodium cholate; 2-HP-B-CD: 2-
HydroxypropyFBcyclodextring AAC: Area above the curve.
" P<0.05, " P<0.01, vs 0.5 ukg ' INSSOL, n= 5
~ 6.
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HYPOGLYCAEMIC EFFECT OF PULMONARILY
DELIVERED INSULIN IN NORMAL RATS

Shen Zancong ( Shen ZC), Zhang Qiang (Zhang ) and Wei Shuli ( Wei SL)
( School of Pharmaceutical Sciences, Bejing Medical University, Beijjing 100083 )

ABSTRACT AIM: To investigate the hypoglycaemic effect of pulmonary-delivered insulin solution ( INS-
SOL) on normal rats. METHODS: INS-SOL was administered to the exposed trachea of anesthetized normal
rats. Blood samples were collected at specified intervals and blood glucose levels were determined by glucose
oxidase method. The hypoglycaemic response was examined after intrapulmonary delivery of INS-SOL in three
doses (0.5, 1.0 and 5.0 uskg™ ") and under two pH conditions (pH 3 and pH 7), as well as co-administration
of protease inhibitor ( bacitracin) or absorption enhancers. The pharmacological bioavailability ( PBA),
calculated from area above the curve (AAC) was used to evaluate the absorption enhancement of INS-SOL from
the lung under various conditions. RESULTS: In the absence of additives, a low dose of insulin solution (0.5
uskg™ ') produced significant hypoglycaemic effect following intrapulmonary administration, which showed a
PBA of 26.0%. The concomitant administration of sodium caprilate, sodium cholate, Brij35, Brij78 as well as
bacitracin appeared to be more effective for enhancing the pulmonary absorption of insulin than the other
adjuvants like oleic acid, EDTA and 2-hydroxypropykFB-cyclodextrin. Ahsorption of INS-SOL under pH 3
condition was significantly increased compared with that under pH 7 condition. CONCLUSION: Pulmonary
delivery of INS-SOL produced significant hypoglycaemic effect on normal rats, the pulmonary route may be
useful for the delivery of insulin.

KEY WORDS insulin; pulmonary delivery; absorption enhancer; hypoglycaemic effect





