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Relationship between Bone Morphological Microstructure and
Inflammatory Markers in Growing Mice Fed a High Fat Diet*
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ABSTRACT

Obesity not only reduces bone mineral density but also increases inflammatory markers. Therefore, we examined the
change in inflammatory markers and morphological microstructure of the bones using a mouse model fed a high-fat diet.
C57BL/6] 4-week-old male mice were divided into a control group (n = 6) and a experimental group (n = 6); the control
group was provided with 10% Kcal fat diet, and the high-fat diet group was provided with 45% Kecal fat diet for 12 weeks
using the free provision method. Blood was analyzed for inflammatory markers, and micro-computed tomography was
used to measure the morphological microstructure of the femoral bone. The weight increases in the control group and
high-fat diet group were 5.85 + 1.84 g and 16.06 + 5.64 g, respectively (p < 0.01), glucose was 115.00 £+ 16.88 mg/dL
and 188.33 + 13.29 mg/dL (p < 0.01), and triglycerides were 65.00 = 6.19 mg/dL and 103.33 + 8.02 mg/dL (p < 0.05)
respectively. Leptin and interleukin (IL)-6 were significantly higher in the high-fat diet group than that in the control group
(p < 0.01). As a result of a biochemical index analysis of bone metabolism, osteocalcin tended to be lower in the high-
fat diet group, whereas CTx was significantly higher in the high-fat diet group compared to that in the control group (p
< 0.01). The thickness of the bony trabecula was significantly narrower in the high-fat diet group than that in the control
group (p < 0.05), and the gap in the bony trabecula was significantly wider in the high-fat diet group than that in the con-
trol group (p < 0.05). IL-6 and the gap in the bone trabecula, which was a morphological microstructure of the bones,
showed a positive correlation (p < 0.05). Taken together, inducing obesity through a high-fat diet in mice during the
growth phase caused a change in bone microstructure and was correlated with the inflammation index. Accordingly,
restriction of excessive fat intake may be needed to suppress the inflammatory reactions and promote normal bone for-

mation. (Korean J Nutr 2011; 44(6): 481 ~ 487)

KEY WORDS: high fat diet, inflammation markers, bone morphological microstructure.
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Table 1. Body weight and food efficiency ratio of contfrol and
high-fat diet mice

Variables Control (n = 6) HFD (n =6)" p-value
Beginning weight (g) 17.96 + 1.19 18.83 + 0.45” 0.936
Final weight (g) 24.68 + 202 3490 + 2.54  0.004"*
Gain weight (g) 585 + 1.84 16.06 + 5.64  0.004™*
FER® 6.92 + 221 2038 + 5.11 0.004**

1) HFD: high-fat diet mice 2) Mean +SE  3) FER: food efficien-
cy ratio
=% p <0.01 by Mann-whitney test
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Table 2. Body fat weight of control and high-fat diet mice
Control (n=6) HFD (n = ¢)"
Epididymal fat (g) 0.28 + 0.08 1.75 £ 033" 0.004**

Peri-renal fat (g) 0.57 = 0.17 1.05 £ 0.04  0.004**
Mesenteric fat (g) 0.59 £ 0.17 1.47 = 0.11 0.004**
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Variables p-value

+

H+
H+

1) HFD: high-fat diet mice 2) Mean + SE

#+. 0 <0.01 by Mann-whitney test

Table 3. Biochemical indices of control and high-fat diet mice
Control (n=6) HFD (n=6)" p-value
115.00 + 16.88 188.33 + 13.29” 0.007**

Variables

+

Glucose (mg/dL)

T-Chol (mg/dL)” 113.00 + 333 125.00 + 5.62  0.102
TG (mg/dL)? 6500 = 6.19 103.33 = 802 0.012*
4000 7 HDL-Chol (mg/dl)’  83.00 = 7.60 7500 + 428  0.327
3500 1 Insulin (Ug/L) 106 + 001 1.20 + 005 0748
S 3000 7 Leptin (ng/mL) 1.80 + 002 6.00 + 0.12  0.004**
£ 2004 Adiponetin (ug/mL) 3771 + 3.22 3244 + 1.94  0.150
ke
g 2000 4 Interleukin-6 (pg/mL) 10.37 + 498 9525 + 13.33 0.004**
g: 15.00 C-reactive protein 6.70 £ 0.65 6.89 + 0.46 0.810
@ i (ug/mL)
o ¢ Conirol Osteocalcin (ng/ml)  21.73 + 252 19.04 + 1.05  0.199
500 4 m High-fat diet steocalcin (ng/m 73 £ 2. 04 + 1. .
oo CTx (ng/mL)? 5598 + 0.57 90.93 + 2.02  0.004**
- T T T T T T T T T T T 1
] 2 3 4 5 6 7 8 9 10 11 12 1) HFD: high-fat diet mice 2) Mean + SE  3) T-Chol: total cho-
Treatment (weeks) lesterol  4) TG: triglyceride 5) HDL-Chol: high density lipopro-
tein-cholesterol 6) CTx: type | collagen C-telopeptide

Fig. 1. Results were gain weight of control and high-fat diet mice.

* p<0.05, #**: p<0.01 by Mann-whitney test
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Table 4. Bone mineral density and bone morphological microstructure of control and high-fat diet mice

Variables Control (n = 6) HFD (n = ¢)" p-value
BMD (g/cm?)? 0.08 + 0.03 0.08 + 0.00” 0.201
BV (mm?? 5.51 + 0.62 5.34 £ 0.55 0.584
BV/TV (%)” 65.60 = 12.50 53.57 + 10.68 0.114
BS/BV (1/mm)? 23.03 + 5.20 26.84 + 5.14 0.201
Tb.Th (mm)” 0.17 £ 0.21 0.16 £ 0.19 0.045*
Tb.n” 3.64 + 0.49 3.27 + 0.41 0.068
To.Sp (mm)” 0.13 + 0.20 0.17 + 0.30 0.028*
SMI™ -0.79 + 1.64 0.49 + 0.87 0.100
Connectivity density (1/mm?) 207.55 + 42.26 184.78 + 40.81 0.361
Cross-sectional area (1/mm?) 0.69 + 0.17 0.65 + 0.23 0.715

1) HFD: high-fat diet 2) Mean + SE

3) BMD: bone mineral density 4) BV: bone volume

5) BV/TV: percent bone volume 6) BS/

BV: bone specific surface 7) Tb.Th: trabecular thickness 8) Tb.n: trabecular number 9) Tb.Sp: trabecular separation 10) SMI:
structure model index
*. p <0.05 by Mann-whitney test
Table 5. Correlation of bone mineral density and bone morphological microstructure with inlammatory markers
BMD" To.Th” To.Sp” To.n?

r p r P r P r P
C-reactive protein 0.091 0.803 0.200 0.580 —0.236 0.511 0.491 0.150
Adiponectin —0.042 0.907 0.200 0.580 —0.164 0.651 0.358 0.310
Interleukin-6 —0.309 0.385 -0.576 0.082 0.624 0.050 —0.588 0.074

1) BMD: bone mineral density 2) Tb.Th: frabecular thickness 3) Tb.Sp: trabecular separation 4) To.n: frabecular number 5) Spear-

man rank correlation coefficient

Fig. 2. Micro-CT scout image of confrol and high-fat diet mice.
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