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Abstract

This study investigated dose-response effects of chlorogenic acid (CA) on glucose metabolism and the anti-
oxidant system in streptozotocin (STZ)-induced diabetic mice with a high-fat diet (HFD). Male ICR mice were
fed with a HFD (37% calories from fat) for 4 weeks prior to intraperitoneal injection with STZ (100 mg/kg
body weight). Diabetic mice were supplemented with two doses of CA (0.02% and 0.05%, wt/wt) for 6 weeks.
Both doses of CA significantly improved fasting blood glucose level, glucose tolerance and insulin tolerance
without any changes in plasma insulin and C-peptide levels. Plasma leptin concentration was significantly higher
in the CA-supplemented groups than in the diabetic control group. Both doses of CA significantly increased
hepatic glucokinase activity and decreased glucose-6-phosphatase activity compared to the diabetic control
group. The ratio of glucokinase/glucose-6-phosphatase was dose-independently higher in CA-supplemented
mice than in diabetic control mice. CA supplementation dose-independently elevated superoxide dismutase and
catalase activities, whereas it lowered lipid peroxide levels compared to the diabetic control mice in the liver
and erythrocyte. These results suggest that low-dose CA may be used as a hypoglycemic agent in a high—-fat
diet and STZ-induced diabetic mice.
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Z= ~EHY A =719 nE3lel dA-s dPo] vt 2= Chlorogenic acid(CA: 5-O-caffeoyl quinic acid, Fig. 1)
EHe gIgAQ) tkg gAbg d3to =z S1go] u$ =) £ caffeic acid®} quinic acid®] d|~Hz=Z Aoz A=
w Fol] FERT JtH(1,2). 201098 U AZ S Ao oshH Y8 StEER 79 AT, A W, ErtE, 59,
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2 4HA UG, ol n¥Fo R et fitE = 4ks) Tk o} 2H(10-12), CA T+ CA7F T53 Ade FolA =
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Fig. 1. Chemical structure of chlorogenic acid.
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Table 1. Composition of the experimental diet (g/100 g diet)

Ingredients Groups

Normal CA0.02 CA0.05
Casein 20.0 20.0 20.0
Corn starch 34.0 33.98 33.95
Sucrose 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0
Corn oil 3.0 3.0 3.0
Beef tallow 18.0 18.0 18.0
AIN-mineral mixture” 35 35 35
AIN-vitamin mixture? 1.0 1.0 1.0
pL—Methionine 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2
Chlorogenic acid — 0.02 0.05
Total 100.0 100.0 100.0

YMineral mixture (g/kg) according to AIN-76.
?Vitamin mixture (g/kg) according to AIN-76.
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Fig. 2. Effect of chlorogenic acid on change of body weight
in HFD/STZ-induced diabetic mice. Values are expressed as
mean+SE.

Table 2. Effect of chlorogenic acid on food intake and organ
weights in HFD/STZ-induced diabetic mice”

DC CA0.02 CA0.05

Food intake (g/day) 5434+0.22 5.38+0.22 5.314+0.17
Organ weights (mg/g)

Liver 5234021 5.00+0.13 4.754+0.18

Kidney 1.88+0.06 1.66+0.10 1.684+0.10

Heart 0.45+0.01  0.4440.01  0.44+0.00

YValues are expressed as the mean+SE.
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Fig. 3. Effect of chlorogenic acid on fasting blood glucose level (left) and blood glycosylated concentration (right) in
HFD/STZ-induced diabetic mice. Values are expressed as mean+SE. The values not sharing a common letter differ significantly

at p<0.05.
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Fig. 4. Effect of chlorogenic acid on glucose tolerance test (left) and insulin tolerance test (right) in HFD/ STZ- induced diabetic
mice. Values are expressed as mean+SE. The values not sharing a common letter differ significantly at p<0.05.
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Table 3. Effect of chlorogenic acid on plasma biomarkers in
HFD/STZ-induced diabetic mice"

DC CA0.02 CA0.05
Leptin 0.98+0.04 1.20+0.10 1.19+0.10°
(nmol/mL)
Insulin 0.47+0.44 0.43+0.77 0.36+0.05
(ng/mL)
C-peptide 1195741150 11821+13.22 114.04+15.02
(pg/mL)

"Values are expressed as the mean+SE.
**Means in the same row not sharing a common superscript
letter differ significantly at p<0.05.
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Table 4. Effect of chlorogenic acid on hepatic glucose metabolic enzyme activities in HFD/STZ-induced diabetic mice
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DC CA0.02 CA0.05
GK (nmol/min/mg protein) 17.15+2.07° 31.89+3.31" 27.36+2.80
G6Pase (nmol/min/mg protein) 77.4843.94" 65.51+2.39" 60.01+3.57"
GK/G6Pase 0.234+0.04° 0.49+0.05" 0.48+0.08"
PEPCK (nmol/min/mg protein) 40.68+3.23 45.96+3.21 39.08+1.57

DValues are expressed as the mean+SE.

#"\Means in the same row not sharing a common superscript letter differ significantly at p<0.05.
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Table 5. Effect of chlorogenic acid on hepatic and erythrocyte antioxidant enzyme activities in HFD/STZ-induced diabetic

mice”
DC CA0.02 CAO0.05
Liver
SOD (unit/mg protein) 6.054+0.17° 8.79+0.28" 8.03+0.24"
CAT (umol/min/mg protein) 8.42+0.36* 10.3540.63" 11.74+0.66"
GSH-Px (nmol/min/mg protein) 18.14+1.08 18.56+0.41 17.744+0.66
TBARS (nmol/g) 11.5540.36 8.56+0.50" 9.014+0.42°
Erythrocyte
SOD (unit/g Hb) 305.59+9.97 311.76£5.63 305.72+12.60
CAT (umol/min/g Hb) 5.704+0.16 5.90+0.10 5.85+0.19
GSH-Px (nmol/min/g Hb) 12.124+0.44 12.23+0.54 13.114+0.49
TBARS (nmol/g Hb) 593.62421.39" 521.33+22.61% 441.28+33.85"

YValues are expressed as the mean+SE.

*"Means in the same row not sharing a common superscript letter differ significantly at p<0.05.
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