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R H : Beneficial effects of lactoferrin on the blood glucose regulation in rats

(7 v hOMFEREHEMSICRET T 27 7=V COFRRR)

[ E =g

Lactoferrin (Lf) is a glycoprotein found in various mammalian body fluids, including
blood, tears, saliva, and bile, and is especially abundant in milk. The potential of Lf has
been evidenced by its physiologically pleiotropic properties, as represented by biophylactic
responses such as anxiolytic and analgesic eftects, which are accompanied by an increase
in nitric oxide production or activation of the u-opioid system. In recent years, interests
have also been developed in the involvement of Lf in lipid metabolism, while it is still
unknown whether Lf treatment can actually influence glucose tolerance in a normal
individual. In addition, although the anti-stress-related effects of Lf described above are
indirectly suggestive of the possibility for improvement of physical-stress-induced disorder
in glucose homeostasis, the details remain largely unknown. The present study aims to
investigate whether treatment with bovine Lf (bLf) induces any changes in blood glucose
regulation in normal rats and those under stress condition.

Firstly, I investigated whether Lf affects glycemic regulation, including glucose
absorption from the small intestine. BLf (100 mg/kg) was intraperitoneally administered to
rats before intravenous glucose injection (intravenous glucose tolerance test, IVGTT) or
oral glucose administration (oral glucose tolerance test, OGTT). On the other hand,
glucose absorption from the small intestine was also estimated using an everted jejunum
sac of the rats. In IVGTT, bLf pretreatment had no significant effect on plasma glucose or
insulin. In OGTT, the bLf group tended to show lower plasma glucose at and after the
15-min peak than the control group, and significantly decreased at 180 min (bLf: 131.2 £
3.7 mg/dL, control: 147.8 + 2.3 mg/dL). At 30 min in OGTT, the increasing width of
insulin from 0 min was significantly larger in the bLf-treated group than in the control
group (bLf: 1.44 + 0.108 ng/mL, control: 0.80 + 0.072 ng/mL). Total plasma
glucose-dependent insulinotropic polypeptide (GIP) was significantly lowered at 60 min by
the bLf treatment (bLf: 88.7 + 16.1 pg/mL, control: 142.0 £ 16.2 pg/mL), while an

immediate increase in total plasma glucagon-like peptide-1 (GLP-1) was observed within
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the bLf group undergoing OGTT. In addition, bLf was associated with a significant
increase in the amount of glucose absorbed into the everted jejunum sac (bLf: 10.6 + 1.4
mg/g tissue, control: 6.1 = 0.9 mg/g tissue). The obtained results revealed the finding that
Lf may have a potential to suppress hyperglycemia, accompanied by plasma insulin
elevation via transiently accelerating GLP-1 secretion, while Lf even enhances glucose
absorption from the small intestine..

Secondly, I aimed to assess the effects of Lf on glycemic regulatory responses under
restraint stress (RS) in rats. BLf (100 mg/kg) was intraperitoneally administered to rats
before oral saline administration or OGTT following 60 min of RS load. Glycemic or
stress-related parameters were analyzed in OGTT. In case of oral saline administration, RS
significantly raised plasma glucose (17.9 + 2.0 mg/dL higher than the level before RS), but
bLf did not affect the level. As for plasma corticosterone, bLf showed a significantly
decreased level at 30 min after the RS load (bLf: 131.2 + 11.6 ng/mL, control: 204.1 £ 16.9
ng/mL). Meanwhile, plasma glucose in OGTT showed overall lower transition in bLf
group, and the level was significantly decreased at 0 min (bLf: 115.8 £ 2.1 mg/dL, control:
126.0 £ 2.4 mg/dL), 30 min (bLf: 188.0 = 5.7 mg/dL, control: 233.8 £ 14.2 mg/dL) and
180 min (bLf: 129.0 + 4.7 mg/dL, control: 147.7 £ 3.4 mg/dL). Immediate increase in
plasma insulin was also seen after the oral glucose administration, but the increment value
was not affected by the bLf treatment. Significant increase was observed in plasma
corticosterone during RS, and bLf significantly suppressed that level at 30 min (bLf: 161.6
+ 5.4 ng/mL, control: 231.2 + 10.6 ng/mL) and 60 min (bLf: 158.5 + 8.5 ng/mL, control:
217.2 + 11.4 ng/mL). However, plasma epinephrine and glucagon during RS were not
changed by the bLf treatment. These results suggest that Lf suppresses the increment of
plasma glucose that occurs as a result of the combination of oral glucose administration
and acute RS load. The suppressive change in plasma glucose was not consistent with the
changes in plasma epinephrine and glucagon, but decrease in plasma corticosterone,
indicating that Lf may be involved in the hypoglycemic responses, which can be attributed
to the attenuated activation of the HPA axis rather than to that of the sympathetic nervous
system.

In conclusion, Lf can decrease blood glucose in relation to the enhancement of insulin
secretion by the incretin effect, despite the fact that Lf promotes glucose absorption in the
small intestine in normal condition. On the other hand, it was found that Lf has a potential
to suppress the elevation of plasma glucose possibly accompanied by mediating HPA axis,
not affecting sympathicotonia or gluconeogenesis. These findings suggest that treatment by

Lf might be useful as one method of decent glycemic control.
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