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Abstract : The present shuly was carried out to examine the effect of insulin formmla on blood glucose
change in normal Sprague-Dawley male rats. Also, this study was performed to investigate the feasibility
of oral insulin formula development. To administrate the insulin formula into intestine, the surgical
technique, celiotomy, was performed in rats. Insulin formula was administrated at a dose of 24.5 IU/kg via
duodenum, ileum, and colon of the rats, and the blood glucose level was measured. For the comparison,
the vehicle without insulin was administrated into ileum via celiotomy. Also, this insulin formula was
administrated into rats orally using sonde and the same parameter was measured. The bloods of all groups
were collected from tail veins using syringes at given time interval. Orally administrated group did not
show the change of blood glucose level and control group slightly show the change of blood glucose level
at 1 hour after celiotomy. All intestinally administrated groups showed the change of blood glucose level.
Among the tested groups, ileac administration group and colonic administration group showed the
significant change of blood glucose level. Particularly, ileac administration group showed the lowest blood
glucose level. To calculate the bicavailability of intestinal and oral administration, insulin solution was
injected subcutaneosly, common insulin injection route, into another normal rats. The bicavailability of ileac
group was 8.3% when compared with subcutaneous injection, duodenal group was 1.8%, colonic group was
4.2%, and oral group was 0.2%, respectively.
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Table 1. Blood glucose changes after administration of insulin formula at intestine regions in rats (mean S.D.)

Time(hrs) Control Oral Duodenum Tleum Colon
0 1044 = 25%° 1049 + 32° 1015 = 32°° 976 + 29*° 987 *+ 34*°
1 1233 + 81>° 1000 + 105 ¢ 998 + 115*¢ 473 £ 75*¢ 674 + 100>¢
2 1014 = 80°° 1048 + 44>° 797 + 88 ¢ 163 + 479 582 + 994
3 1089 = 63*° 1061 *+ 1.4~ ° 780 + 49*¢ 353 = 101>¢ 44 + 74 >4
4 1062 = 2.1 ° 1039 = 41*° 949 + 319 2+96¢% 767+ 76%°¢

* ® Means with different superscripts in the same vertical line differ significantly (p < 0.05) and © ¢ means with different
superscripts in the same row line differ significantly (p < 0.05).

Table 2. Bicavailability after administration of insulin formula of intestine regions compare with subcutaneous injection

Control Oral Duodenum Heum Colon
Bioavailability (%) 0 0.2 1.8 83 42
Ha-g @it el 7Pg @2 g9 e GEPAITL 2] 89 52
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Fig 1. Changes in blood glucose concentration after insulin solution injection into subcutis of rats.
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Fig 2. Regression line and equation of administration dose and area under curve after subcutaneous injection.

o} z}z} AT T 02%, duoderum 1.8%, ileum
8.3%, colon 42%% ileum %919 A ol 2o M &
FEATh

2 @

e BxEE XNEE7] A% AEREL insulin
2 FALSHE WY Yol % pancreased] -cell & FEHOE
ol A3l WY B, o BHNA i FQA AYEHT
A, I Fo & 7kA BHORE insuling FA}L 0]
9] B} Hed Fao e HLsels P8 ¥
Z3) AN sio] it} Ishida er affS 7)o Y& HurL
25 legdes T8 4 vtz RT3} Hydro-
xypropylcellurose 9} cabopol-9342) E3§15¢] insutin, coconut
butter ¥ sodium cholic acidE H7}ale] 77}el = A
o Fak Ald ¢ UEE ThEe] selAl A¥E A
dedoe] 7o ¥4 Hug EHdo FEHNE 3
ARG Z& FAbo) tiulsted 0.5%2= B e A o
£8< JENRI:. ¥, Longenecker et o’ insuling
H)7bell Bdts WS A7sided, FAE 4 f
ANE FFEAAR st ofe] n7do) B3 A, vlw
A g2 AA ol &£EE Jepltty Bisgch 18
v H7} B Al Fo] whgo] opd HAl opy
2 u)7} Aol gl 2pFe] 48l7] wEol AriFeR
FAY de vF dde] &44€ de §F A8 A

2 $87} vk E 08 A7EAE Galinsky’7t €
59 Edd HEA 24 HuE AW @A)
insuling EFAA ZAE A3 Fojdlo] 51%9)
H 74 & A o]&&& YT B3l 3l
t} o] g A AFEAE g R T &4& F
of Wil A7 o WS J7F 98 BIEE Q)
oL}, vy FEER AT BFAY A A3 e ¢
Wz Ba) Zio o8 fA FelEEZ ok A4S
AasA B olel EAAL siAs7) 94, Ba e
al'2 polyacrylic polymer5-& A3l EAs 7R
EYNOR OiHs il B £422RE 9% Y
@i Fa AES ol Ax WXty B
ok EF od okEEo] intestineC ® FHA o
T gE gloz gl Ex A7 R Ay
HEAE FEeg FA8A Ealed vk o &
AP& sHA3l7] 98k, Kidron er al'3 Radwan’
bile acid, bile salt, sodium cholate £¢] & &34 & A}
83l insuling A2 FoA3HE A FFE 24N
Aokl B gtk 3R B dRdME 2REF
o3 &4¢ B Wl AT Fo e B8 o
FEA HYen, A7 Fo A insulin®] target F H
AE A A8 FEHQ0 YH-E 2] intestine
Z} 292 insulin §4 AEE AV &% &4
2042} 24 EIHES AHEE] insulin A A E A2
8l 43 WRlE S8 intestine®] o RHE HHY



Rat9] intestine 7} ¥-9lof +23 o2 %ol @ insulin A4l 2§ ¥ W 287

2a3lgc) o]gA TS £ intestine W E Fo 3=
whhe wFgAdAow wlelEozlRNE  #Ho] dug
delivery system] W€ 2 W31 intestine F-HoNA B2
& JATE Ty 84 capsuleEol BuHw Yk
4 aEz B aA7dME $e3 5o WEC R insulin
AANE Fo3ly inestine Z} F99 FF A& T+
B2, AT Fod & insulin A A 2} A A F5 5

o) target 2918 AT33A 5%{rh. Fernandes-Moreno
et al®e intestine zt F-9jo] Ay A EoJA insulin
receptor7} x}o]7} Utk @R EF o, ¥ A7 A
o A% intestine Z} §9] £ ileum 917} insulin®] &4
o 713 &< AT WO H, colon FH%
insulin®] &) ol AL AHH< Aoy HWIAHG
th 28y} insulin®) FE Fo] A2l 93 FAF Uiy
A o] EEL 7|Fe] BWEEH HYEHIE Tha &5
T AFAE JehlgAe, o Wy g2 21 FolM A
o]7} 9o} Al vl Ui E & §lE eE 3B
Gtk A4 insulin AA7F 443 S Hok @
2 ARyt 2HHLZ FHYHooF AR, SHFHOE
AgElojol & F 7Al A7 AAZAE A, AA o
250 B} o] 3A4E insulin A A AY H2A0] A
NEH, B4, $4& E3A 3 ileum} colong: target
2 B € F Ue B84 capsuled] JHwe] W&

Hojol & AR wdHTh

7 B

o] @& A4l Sprague-Dawley T3 g
intestine 7z} 290 T&H O 2 insulin AAE Fof sl
¥ W E ZARBIEEA, 74 Aded A g
PeARe RAEIA FYER ded AANE
intestine Woll $33l7] 98 MEEE YA,
intestine®] duodenum, ileum, colon 9] 24.5 IU/kg<
insulin AAE FA3te] ¥F WHalE ZAEIACH £
722 &2 insulin A|AHE AT EHE AHE3I A
T2 Bosigth. f£&o) e Wil d%E A=
ANE ZAE7) $18) insuline] EFER] %L vehicled
MELEL E3) ileum F9o FAHUT BE FES
uule) A 1417k 7+ 02 ool AFHUE ATE
Ry ZoiMe €9 ¥W3rzb uvehdA ghsken,
vehicle $oj32 HEgo| FYE 1A Foff ke
#2718 Uehiiglon, 247 o) RElE £& A
g4 £72 42514} Intestineo] Fo} @ XE ZE
AxEe d3 HaE YA, ileum 7919} colon
Bold o @ 2E2 1A FRE £o4 e ¥9

HaHE U E3) ileum 24 olA insuling] &5
7} 743 B8 o)) Intestines} 772 Eo H insulin
o] A o] &EE& T3] 8 E thE mtEoN A insulin
o] 8 o AR 93 FAR AF kgF 094 20
TUZA] insulin ALel-E Rojdle], Fofikal AUCS
# AA S Tk Neum 54 o Fo] A4 o)&
B2 83% olom, colon BY Fo & 42%,
duodenum 9] B F& 1.8%, AT Fo & 02%2
vER] it

HEs

1. Foster TP. Protein/peptide veterinary formulations. In:
Development and formulation of veterinary dosage
forms, 2nd ed. New York: Marcel Dekker, 231-282,
1998.

2. Charman SA, Mclennan DN, Edwards GA et al.
Lymphatic absorption is a significant contributor to the
subcutaneous  bioavailability of insulin in a sheep
model. Pharm Res, 18(11):1620-6, 2001.

3. Tokihiro K, Arima H, Tajiri S er al. Improvement of
subcutaneous bioavailability of insulin by sulphobutyl
ether beta-cyclodextrin in rtats. J Pharm Pharmacol,
52(8):911-7, 2000,

4. Heinemann L, Pfutzner A, Heise T. Alternative routes
of administration as an approach to improve insulin
therapy: update on dermal, oral, nasal and pulmonary
insulin delivery. Curr Pharm Des, 7(14):1327-51, 2001.

5. Wang H, Li Y, Sun Q er al. Oral administration of
insulin to female nonobese diabetic mice inhibited
diabetes and induced Fas ligand expression on islets of
Langerhans. Chin Med J (Engl), 113(5):433-436, 2000.

6. Ishida M, Machida Y, Nambu N et al. New mucosal
dosage form of insulin. Chem Pharm Bull, 29:810-816,
1981.

7. Levitan DM. Transplantation for the treatment of
diabetes mellitus, Semin Vet Med Surg (Small Anim),
12(4):268-273, 1997.

8. Longenecker JP, Moses AC, Flier IS et al. Effects of
sodium taurodihydrofusidate on nasal absorption of
insulin in sheep. J Pharm Sci, 76(5):351-355, 1987.

9. Galinsky AM. Composition and method for making a
suppository for introducing a hypoglycemic agent into
a mammal. US Patent 4164573, 1979.

10. Bai JP, Chang LI, Guo JH. Effects of polyacrylic



288

11

12.

13.

HE A9d

polymers on the degradation of insulin and peptide
drugs by chymotrypsin and trypsin. J Pharm Pharmacol,
48(1):17-21, 1996.

Kidron M, Ziv E, Bar-On H et al. Pharmaceutical
compositions containing insulin. US Patemt 4579730,
1986.

Radwan MA. Enhancement of absorption of insulin-
loaded polyisobutylcyanoacrylate nanospheres by sodium
cholate after oral and subcutancous administration in
diabetic rats. Drug Dev Ind Pharm, 27(9):981-989,
2001.

Murthy KS, Kubert DA, Fawzi MB. In vitro release

14.

15.

characteristics of hard shell capsule products coated
with aqueous- and organic-based enteric polymers. J
Biomater Appl, 3(1):52-79, 1988.

Thomson AB, Kirdeikis P, Lastiwka R et al. Phar-
macokinetics and pharmacodynamics during treatment
with the omeprazole 20 mg enteric-coated tablet and
20 mg capsule in asymptomatic duodenal ulcer patients.
Can J Gastroenterol, 11(8).657-660, 1997.
Fernandez-Moreno MD, Serrano-Rios M, Prieto IC.
Identification of insulin receptors in epithelial cells
from duodenum, jejunum, ileum, caecum, colon and
rectum in the rat. Diabete Metab, 13(2):135-139, 1987.



