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Effects of Dietary Fructose and Glucose on Hepatic Steatosis and NLRP3
Inflammasome in a Rodent Model of Obesity and Type 2 Diabetes

Hee Jae Lee and Soo Jin Yang'r

Dept. of Food and Nutrition and Human Ecology Research Institute,
Chonnam National University, Gwangju 500-757, Korea

ABSTRACT This study is carried out to assess the relative effects of different doses of dietary glucose or fructose
on non-alcoholic fatty liver disease (NAFLD) and hepatic metaflammation in a rodent model of type 2 diabetes. KK/HIJ
male mice were fed experimental diets as follows: 1) control (CON), 2) moderate glucose (MG, 30% of total calories
as glucose), 3) high glucose (HG, 60% of total calories as glucose), 4) moderate fructose (MF, 30% of total calories
as fructose), and 5) high fructose (HF, 60% of total calories as fructose) for three weeks. Food intake was not affected
by treatments. Compared with HF, HG not only increased serum fasting glucose and area under the curve during
oral glucose tolerance test, but also decreased the levels of serum insulin and adiponectin. It indicated that glucose
control was complicated via high glucose intake. High fructose treatment led to increased triglyceride in the serum
and liver. In comparison to HG, high fructose diet activated NOD-like receptor family, pyrin domain containing 3
(NLRP3) inflammasome consisting of apoptosis-associated speck-like protein containing a CARD (ASC), NLRP3 and
caspase 1, which increases interleukin (IL)-18 maturation and secretion. The activation of NLRP3 inflammasome was
accompanied by increased levels of tumor necrosis factor alpha (TNF-a) and IL-6. However, the expression of NLRP3
inflammasome components and pro-inflammatory cytokines did not differ between CON and HG. These data suggested
that dietary fructose triggers hepatic metaflammation accompanied by NLRP3 inflammasome activation and has delete-

rious effects on NAFLD.
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A AH L AGF & FH5EE AA -80°Cel Histi,
Z219] d¥-+= 10% neutral buffered formalin(Sigma-
Aldrich, St. Louis, MO, USA) &0 31dA]%] $ histol-
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A7 2235 HAHoral glucose tolerance test, OGTT)
| J5of AlAF gl AT e HALE AR

o AYFES 1243 A A me] Zeo A A ds}o]
MSE U AR T8 AYe 24 T, LEY §AQ ghe)S BT 3
85389 KK/HI 7% # = Jackson Laboratory(Bar L 15+, 304, 60+, 120% ¥ I A(Glucocard X-Meter,
Table 1. Composition of experimental diets (g/kg diet)
CON MG HG MF HF
Casein 189.57 189.57 189.57 189.57 189.57
L-cystine 2.84 2.84 2.84 2.84 2.84
Corn starch 568.72 284.36 0 284.36 0
Maltodextrin 94.79 94.79 94.79 94.79 94.79
Glucose 0 284.36 568.72 0 0
Fructose 0 0 0 284.36 568.72
Cellulose 47.39 47.39 47.39 47.39 47.39
Soybean oil 23.70 23.70 23.70 23.70 23.70
Lard 18.96 18.96 18.96 18.96 18.96
Mineral mix 9.48 9.48 9.48 9.48 9.48
Dicalcium phosphate 12.32 12.32 12.32 12.32 12.32
Calcium carbonate 5.21 5.21 5.21 5.21 5.21
Potassium citrate 15.64 15.64 15.64 15.64 15.64
Vitamin mix 9.48 9.48 9.48 9.48 9.48
Choline bitartrate 1.90 1.90 1.90 1.90 1.90
Total 1,000 1,000 1,000 1,000 1,000

CON, control; MG, moderate glucose; HG, high glucose; MF, moderate fructose; HF, high fructose.
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Real—-time PCR
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BE oo H]3)] FofHoez =g
w, MFa+2 HEw ol H8)] frold oz Faddo] sk
(Table 4). 1&dL2 =¥} vlwsle] HGw o] F2 42
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Target Forward Reverse

ASC gagcagctgcaaacgactaa gtccacaaagtgtectgttetg
Caspasel cccactgcetgatagggtgac gcataggtacataagaatgaactgga
IL-1 ttggttaaatgacctgcaaca gagcgctcacgaacagttg
IL-6 gctaccaaactggatataatcagga ccaggtagctatggtactccagaa
NLRP3 cccttggagacacaggactc gaggctgcagttgtctaattce
Sirtl cagtgagaaaatgctggecta ttggtggtacaaacaggtattga
Sirt6 gacctgatgctcgetgatg ggtacccagggtgacagaca
TNF-a tgetgggaagectaaaagg cgaattttgagaagatgatcctg
18S gcaattattccccatgaacg gggacttaatcaacgcaagce

ASC, apoptosis-associated speck-like protein containing a CARD; IL-1, interleukin 1; IL-6, interleukin 6; NLRP3, NOD-like receptor
family, pyrin domain containing 3; TNF-a, tumor necrosis factor-a.

Table 3. Body weight gain (BWG), food intake (FI) and liver tissue weight of mice

CON MG HG MF HF
BWG (g/day) -0.08+0.03" -0.20£0.04° -0.25£0.01° -0.27£0.01° -0.28+0.02°
FI (g/day) 3.14+0.25% 3.50+0.12° 3.16+0.14™ 2.97+0.11° 3.19£0.05%
Liver (% BW) 4.63£0.17° 4.03£0.05° 4.27+0.35" 4.05+0.10° 4.24+0.19%

Tissue weight is expressed as percentage of body weight (BW). Data are expressed as mean+=SEM (n=6~7 per group). Different

letters within a variable are significantly different at P<0.05.

CON, control; MG, moderate glucose; HG, high glucose; MF, moderate fructose; HF, high fructose.
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Fig. 1. The effect of glucose or fructose diet on (A) blood glucose concentrations and (B) area under the curve (AUC) during
oral glucose tolerance test (OGTT). Data are mean+SEM. Different letters on the bars are significantly different at P<0.05. CON,
control; MG, moderate glucose; HG, high glucose; MF, moderate fructose; HF, high fructose.

Table 4. The effect of glucose or fructose diets on glucose control

CON MG HG MF HF
Serum glucose (mg/dL) 221+19" 224423 345+41° 186+8° 259+10°
Serum insulin (pmol/L) 116+18" 84+7% 48+4° 93+10° 903"
Adiponectin (ng/mL) 7,754+647° 6,179+480% 5,380+810° 7,183+405" 8,007+480"

Data are expressed as meant+SEM (n=6~7 per group). Different letters within a variable are significantly different at P<0.05.
CON, control; MG, moderate glucose; HG, high glucose; MF, moderate fructose; HF, high fructose.

Table 5. The effect of glucose or fructose diets on serum and liver triglyceride (TG) concentrations

CON HG MF HF
Serum TG (mg/dL) 116+5° 112+18° 126+12% 129+14% 149+6°
Liver TG (pug TG/mg protein) 36+3" 4244 53+2% 5243 55+6°

Data are expressed as meant+SEM (n=6~7 per group). Different letters within a variable are significantly different at P<0.05.
CON, control; MG, moderate glucose; HG, high glucose; MF, moderate fructose; HF, high fructose.
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Fig. 2. The effect of glucose or fructose diets on the lipid accumulation in the liver. Representative photographs of hematoxylin
and eosin staining (<X400) of liver sections. CON, control; MG, moderate glucose; HG, high glucose; MF, moderate fructose; HF,
high fructose.
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Fig. 3. The effect of glucose or fructose diets on NOD-like receptor family, pyrin domain containing 3 (NLRP3) inflammasome
in the liver. Liver mRNA expression levels of (A) apoptosis-associated speck-like protein containing a CARD (ASC), (B) caspasel,
(C) NLRP3, and (D) interleukin 1 (IL-1) were measured using real-time RT-PCR and were normalized with 18S gene. Data are
meantSEM. Different letters on the bars are significantly different at P<0.05. CON, control; MG, moderate glucose; HG, high glucose;
MF, moderate fructose; HF, high fructose.
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