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[ Abstract]  Objective To evaluate the method of detecting intestinal mucosal barrier damage, and investigate
whether propolis can lower glucose levels through repairing the intestinal mucosal barrier in diabetic rats. Methods A rat

model of diabetes mellitus was established by administering a high-sugar and high-fat diet with a single intraperitoneal
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injection of 1% streptozotocin (STZ) at a dose of 40 mg/kg. Then, the rats in the propolis treatment groups were orally
supplemented with 80 or 160 mg/( kg -+ d) propolis by gavage. The rats of control and model groups were orally
supplemented with soybean oil. After 4 weeks, a Roche glucometer was used to detect blood glucose concentration, high-
performance liquid chromatography was used to detect whole-blood hemoglobin Alc (HbAlc), ELISA was used to detect
the levels of plasma D-lactic acid (D-LA) and zonulin, western blotting was used to detect the expression levels of claudin-
1, occludin, and ZO-1 in ileum and colon tissues, and the ultrastructure of ileum and colon tissues was examined by
transmission electron microscopy. Results — The diabetic rat model was established successfully. After 4 weeks of
intervention, the blood glucose level in the 80 and 160 mg/kg propolis treatment groups reached 17. 57 and 18. 24 mmol/
L, and their HbAlc levels were 8.94% and 8.22%, respectively, which were significantly lower than that in the model
group (P < 0.05). Transmission electron microscopy showed that after propolis intervention, the tight junctions and
adherens junctions of intestinal epithelium were improved. Western blotting showed that the expression levels of claudin-1,
occludin, and ZO-1 in the ileum and the colon of the propolis intervention groups were significantly higher than in the model
group, in a dose-dependent manner (P< 0.05). ELISA data showed that the levels of plasma D-LA were 160.03 and
151. 18 ng/mL in the 80 and 160 mg/kg propolis intervention groups, respectively, and their plasma zonulin levels were
650. 14 and 647. 60 pg/mL, with no significant differences between them (P> 0.05). Conclusions Ultrastructural
observation of the intestinal mucosal barrier and detection of the expression levels of proteins closely associated with the

intestinal tissue have higher sensitivity than the serological determination of intestinal mucosal barrier function, so they can

be used as a reliable experimental method for studying the mechanism of the intestinal barrier repair associated with the

hypoglycemic effect of propolis.
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Table 1 Effects of propolis on FBG in the diabetic rats

ik e (mg/kg) MR ( mmol/L) HHEIMZLE (%)
Groups Dose FBG HbAlc
e agitiE
(AL - 4.63£0.24 4.360.67
Control group
R 4
e - 27.40+4.35" 11.31+1.05"
Model group
W IB T T2 80 17.57+5.74* 4 8.94x0.98" %
Propolis group 160 18.24+4.54* % 8.22+1.15"%

TE HIEH A B AL, © P< 0.05; SBURA HLEE, 2 P< 0.05,
Note. Compared with the control group, * P< 0.05. Compared with the model group,” P< 0. 05.

T2 WO BRI U0 R 5 B AL 375 A AR AR 2 ( x #5, n=8)

Table 2 Effects of propolis on serum markers of intestinal mucosal barrier in the diabetic rats

21 5 55 (mg/kg) D-FL& (ng/mL) HEEMA (pg/mL)
Groups Dose D-LA Zonulin
=9 08:iF4
LA AT - 157. 42438, 33 615. 15+61. 61
Control group
12
i - 163. 84+30. 59 664.97+88. 46
Model group
L k] 80 160. 03=58. 34 650. 1454. 09
Propolis group 160 151. 18+49. 45 647.60+104. 70

. 500 nm - 500 nm

_ 500 nm

Hea; IEFXTIRAL; bR c. 80 mg/kg IR T HI4L; d: 160 mg/kg WML, TJ. BH &R A) BhE &1 DS kL,
1 SRR PR A BRI g 2ot e 240 2 1 R B A O S ) (B ST LR, x 50 000)
Note. a: Control. b: Model. c: 80 mg/kg Propolis. d: 160 mg/kg propolis. TJ: Tight junctions.AJ: Adherens junctions.DS: Desmosomes.
Figure 1 Effects of propolis on the ultrastructure of the connecting device of the ileum mucosal epithelial

cells in diabetic rats (transmission electron microscopy, X 50 000)
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Note. a: Control. b: Model. ¢: 80 mg/kg Propolis. d: 160 mg/kg propolis. TJ: Tight junctions. AJ: Adherens junctions. DS:

Desmosomes.

Figure 2 Effects of propolis on the ultrastructure of colonic mucosal epithelial cells in

diabetic rats (transmission electron microscopy, x 50 000)
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Figure 3 Effects of propolis on the expression level of
proteins related to the tight junction between ileum

epithelial cells of diabetic rats
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Figure 4 Effects of propolis on the expression level of
proteins related to the tight junction between the

colonic epithelial cells in diabetic rats
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