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P-glycoprotein (P-gp), one of the important drug-efflux pumps, is known to be affected by pathological conditions
such as inflammation or infection. Recently, it is reported that high glucose or hyperglycemia can alter P-gp expression
levels at the blood-brain barrier or in kidney, although the details are still unknown. Here, we analyzed the alteration of
intestinal P-gp expression and function in the development of diabetes and elucidated the mechanisms. Type 1 diabetes
was induced in male ddY mice by an i.p. injection of streptozotocin (STZ) (230 mg/kg) . We analyzed ileal P-gp expres-
sion and drug efflux activity using western blot analysis and an in sifu closed loop method, respectively. Additionally, we
analyzed ileal nitric oxide synthase (NOS) activity using colorimetric method. A significant reduction of P-gp expression
level in ileum was found on day 9 after STZ administration. In contrast, a remarkable decrease in drug efflux activity was
observed on days 3 and 9. Interestingly, NOS activity in ilea was significantly increased on day 9. The decrease of P-gp
expression levels observed on day 9 was completely suppressed by L-NG-nitroarginine methyl ester (L-NAME), a broad
range NOS inhibitor, or aminoguanidine, a specific inducible NOS (iNOS) inhibitor. In addition, P-gp expression level
in ileum was significantly decreased by administration of NORS, a NO donor. These results indicate the possibility that
NO, produced by iNOS in the ileum, is involved in the alteration of ileal P-gp expression and function under STZ-in-

duced diabetic conditions.
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Changes in Blood Glucose Levels and Serum Insulin Levels after STZ Administration

At indicated periods after STZ administration, blood glucose levels (A) and serum insulin levels (B) were measured. Control (open column): n=6-37, STZ
(closed column): n=6-53, **p<0.01, *p<0.05 vs. Control, unpaired Student’s z-test. Adapted from Ref. 16).
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Rho123 efflux activity of P-gp
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Changes in Ileal P-gp Expression Levels and Activity after STZ Administration

At indicated periods after STZ administration, P-gp expression levels were analyzed by western blot (A, B). (A) represents a typical western blot image. Rela-
tive levels of P-gp expression were analyzed by the ratio of P-gp/GAPDH (B) . Mice were anesthetized on days 3 and 9 after STZ administration and ileal P-gp activ-
ity (Rho123 efflux activity of P-gp) was analyzed using the in situ closed loop method (C). Control (open column): n=6-8, STZ (closed column) : n=5-6, **p<{
0.01 vs. Control, unpaired Student’s ¢-test. Adapted from Ref. 16).
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Fig. 3. Changes in Ileal NOS Activity after STZ Administra-
tion
At indicated periods after STZ administration, NOS activities were
measured. Control (open column): n=4-13, STZ (closed column) : n=7-8,
*p<0.05 vs. Control, unpaired Student’s -test. Adapted from Ref. 16).
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Fig. 4. Effect of Non-selective NOS Inhibitor on the Reduction of Ileal P-gp Expression Levels after STZ Administration
On day 9 after STZ administration, NOS activity (A) and P-gp expression levels (B, C) in the cytosolic (A) and crude membrane fraction (B, C) of ileal
mucosal epithelial cells were measured. (B) represents a typical western blot image. L-NAME (1 mg/ml) was added to the drinking water for 9 d. n=3-13, **p<
0.01, *p<<0.05 vs. Control (water), *p<0.01 vs. STZ (water), one-way ANOVA and Scheffe’s test. Adapted from Ref. 16).
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Fig. 5. Effect of an iNOS Specific Inhibitor on the Reduction of Ileal P-gp Expression Levels after STZ Administration

On day 9 after STZ administration, NOS activity (A) and P-gp expression levels (B, C) in the cytosolic (A) and crude membrane fraction (B, C) of ileal
mucosal epithelial cells were measured. (B) represents a typical western blot image. Aminoguanidine (AG) (1 mg/ml) was added to the drinking water for 9 d. n=
3-12, **p<0.01, *p<<0.05 vs. Control (water), #p<0.01, p<0.05 vs. STZ (water), one-way ANOVA and Scheffe’s test. Adapted from Ref. 16).
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On day 6 after NORS (10 mg/kg, p.o.) administration, amount of NO (A) and P-gp expression levels (B, C) in the cytosolic (A) and crude membrane frac-
tion of ileal mucosal epithelial cells were measured. (B) represents a typical western blot image. Control (open column): n=35, NORS (closed column) : n=7, *p<{
0.05 vs. Control, unpaired Student’s ¢-test. Adapted from Ref. 16).
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