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Impaired bone microstructures in high fat diet induced fatty liver mice
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[Abstract] Objective: To evaluate the effect of fatty liver induced by high fat diet in C57 mice on bone microstructures and the
possible mechanism. Methods: A total of 20 C57 male mice (4 weeks old) were enrolled and divided into two groups, fed for 12 weeks
either with standard chow (control; n=9) or with high-fat diet to induce fatty liver (HFD; n=11). Blood, femur, tibia and liver samples
were collected after sacrifice. Plasma alanine aminotransferase (ALT) and aspartate aminotransferase (AST) concentration were
examined. The liver was stained with H&E and Oil red-O to determine if the mice were suffering from fatty liver and to measure the
amount of triglyceride (TG ) and total cholesterol (TC). The bone samples were scanned using a micro-CT system in a high-resolution
scanning mode. Total volume (TV) , bone volume (BV) , total bone volume fraction (BV/TV ), connectivity density(Conn.D) , structural
model index(SMI) , trabecular number(Th.N) , trabecular thickness (Th.Th) , trabecular spacing(Th. Sp) , apparent density (Ap.Dens ) ,
material density (Mat.Dens)and degree of anisotropy (DA ) were compared between control and HFD groups. The number of marrow fat
drops was measured by some of the femur with HE staining. Results: In the HFD group, all mice were proved with fatty liver by liver
H&E and oil red O staining. Compared to the control group, the HFD group had lower levels of TV[ (2.128 + 0.591) mm’ »s.(3.570
0.330)mm’, P < 0.001) ], Th.N[ (1.769 + 0.218 )/mm vs.(2.284 + 0.726)/mm, P=0.030) ], SMI1(2.950 + 0.242 vs. 3.820 + 0.729, P=
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0.004) and higher levels of Th.Sp[ (0.595 + 0.083) mm vs. (0.472 + 0.116) mm, P=0.013 ]in femur. The HFD group also had lower
levels of TV (1.127 + 0.338) mm’ vs.(1.741+£0.683 ) mm’, P=0.017 Jand SMI(2.431 =+ 0.501 vs. 3.188 + 0.465, P=0.003 )in tibia. Bone
marrow histomorphological analysis showed that the number of adipose drop (AD) per mm* bone marrow was significantly higher in the
HFD group compared with control mice (5.5 + 2.2 vs. 2.6 + 0.5, P=0.042). AD was positively with TV (Femur: r=-0.756, P=0.030;

Tibia:r=-0.771, P=0.025). Conclusion: Our results suggest an adverse effect of fatty liver on bone microstructure in C57 mice. Bone

marrow adiposity may be a factor underlying this physiopathologic process.

[Key words] fatty liver; bone microstructure ; micro-CT; bone mineral density ; bone marrow adiposity
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Table1 Micro-CT characters in femur and tibia in the control and HFD groups (x+s)
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TV(mm’*) 3.570 £ 0.329 2.128 £ 0.590 <0.001 1.740 + 0.683 1.127 + 0.338 0.017
BV(mm*) 0.100 +0.049 0.084 = 0.039 0.621 0.080 + 0.094 0.058 £ 0.019 0.849
BV/TV 0.028 +0.016 0.041 £ 0.021 0.342 0.039 +0.028 0.053 £0.016 0.179
Conn.D(1/mm’) 2.455 +3.724 5.358 +4.358 0.305 5.383 +7.587 5.376 +3.289 0.998
SMI 3.820 £ 0.728 2.950 +£0.242 0.004 3.188 = 0.465 2.431 +0.501 0.003
Th. N(1/mm) 2.284 +0.726 1.769 + 0.218 0.030 1.809 + 0.674 2.397 +1.632 0.326
Tb. Th(mm) 0.054 + 0.006 0.060 + 0.008 0.090 0.051 £ 0.007 0.058 +0.008 0.073
Tb. Sp(mm) 0.472 +0.116 0.595 +0.083 0.013 0.619 +0.180 0.536 £ 0.193 0.339
Ap. Dens(mg HA/cc) 86.686 + 62.813 74.691 + 28.095 0.576 73.077 + 34.633 61.546 +£26.735  0.411
Mat.Dens(mg HA/ce) — 912.209 + 74772 935.947 + 58.845 0.437  920.457 £78.332  952.606 +62.173  0.319
DA 1.507 £ 0.195 1.587 +0.258 0.458 2.313 +0.366 2.541 +1.345 0.425
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Figure 4 Representative two-dimensional (black ground)and three-dimensional (blue ground ) micro-CT images of the bone

structure in the control and HFD groups
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Figure 5 Bone marrow adiposity in two groups (HE, x400)
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Table 3 Correlation between bone microstructure param-
eters and adipocyte number in the bone marrow
in HFD mice
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DA -0.134 0.752 0.563 0.146
33 it

INFR R £ SR 5T AR i I el B B
B, R B B R BN FRATTE B/ BT
SIS TEAR . ARWFIE K& PR R A S 0 7 AT
PE T 5 UL, KB R /N B
B /NGRR R, REAE 2 I 5T 2R BA AR W Y
BEERECE A TR SIS G A AR
B T AR R 4 B AR s A 55—
WEFE A, 55 ARG 1 R 7 AR B BB L2 R %
AR DL 220, X BB R I 4 L 5 A 58 45 AR
o BARBEA TS FR B BV/TV Al Th.Th, Conn.D

Z I IEAR G, A9 B & B Th.Th Fl Conn.D 7E
PIAL B B 25 5, X 0 R oM RE AR B A /D
SMI 2 AN /NGRS AR SR ) — T 48 A , F ot
B P FARAL B AR /N R SMIJE: 3, i BRAR AL 9 A
PRA/NGESMTE 00 Xt T REA LR /NG SCA PR
B/ NEBIARAST 5, H SMIL R 0~3, B /NEHR AR 457
EFFIRGS M BENE K 32 58 2 1 7, B /NG R AR &5
P FRAR EE R AL, B /N TR g 2 BB T T B
SMI Pk v 2% B B i 45 ) ek 72 s B S, i 5 O
55 5B AR — 8, AT AR AR AL
SMIK s TR ik & dl, SHEE/NEE ST L
FRL, BATIXT UL BEAT A RO B . BB
G3HT R IR, AR FARMER &AL, SR B A g sEh
NI H B B30, PRI, HE 7 e e o B /N B
EBENE N 2 R A R R N 2 —" i
e AR IR 2 B st S E .
HE Y, BCE A MR RE 7 20 Bk B — A 2L [ ) 2 R
ST 1ST0; it 1 0 P iEB == o R i NS B A =
T8 [11) 7 Jo 200 R 1o o 4B 1 43 A2 B . i
A, B 1 240 J - B — L A i PR 40 TNF - TL-18
1L-6  JJG 5% 28 F18 2 Ak 1 RANKL/RANK/OPG i #%
VRS A BRIV 22 Rl ARRE R N AT e,
A e S B KPS A B R R
AR o B B 12— e Lo o1 25 o 2
FI, 76 NAFLD H &k ad i, X% R 40 iR
m = BRI 2 5 e i RACHUIFAF , R 2 A
WA A A, A AR AN P e = R 2R 2R
2 SR Y B 6 P 52 A0 B 45 2R R S 208 40 i 2
AT RN R A kA R K
P, B 55 2 o Wb, BT s . — SRR
/N BB IR A A W 5 b, R D 48 M A% TR X OPG/
RANKL/RANK/ZGi/EH , RANKL/OPG LRI L il
B AEETIA RANK R340, il B A s 21



38 4
2018474 A

TWREES 8 LR AR MRS SRR BB s H e AR AR 5 (7).
P BRI R AR (B SRR ) , 2018, 38(4) :458-463

£ 463 -

BN IR TS S /DN OGS T PR At R
A, B BENR 1 ] RE R R BA AL 2 — o A
WA —Le /R B, B E IR 2l BE
R HHAZHA— D EER R HIE ] A HAlAH
K —LERAHLH] . A REH 2 (bmp2) AL H

P SR I 2 (runx2) 2l CE R B RS E 2

oA B BN B A T 2D RS, DAPAG

IR SR ARC AR IR SRR 3 i B T

RGBS FU, S BRI A By Al RE 2

HETE  RREAEREARE o SR, Lu 557 R BB

WHE AU /NGRS BEAE HFD FIRR AR 4

Z B A AR R S AR O OG . Dk, 3R

TS T = R IR B 5 N W5 I sh W A Y, iF 5%

NAFLD X &1 Ji] 548 B S0, Tk b (1 32 0 ¥

A EP i’ 2| KT

[(&Z k]

[1] Moon SS, Lee YS, Kim SW. Association of nonalcoholic
fatty liver disease with low bone mass in postmenopausal
women/ J |. Endocrine,2012,42(2) :423-429

(2] Pirgon O, Bilgin H, Tolu I, et al. Correlation of insulin sen-
sitivity with bone mineral status in obese adolescents with
nonalcoholic fatty liver disease [J]. Clin Endocrinol
(0xf),2011,75(2):189-195

[3] Pardee PE, Dunn W, Schwimmer JB. Non-alcoholic fatty
liver disease is associated with low bone mineral density
in obese children[]]. Aliment Pharmacol Ther, 2012, 35
(2):248-254

(4] Purnak T, Beyazit Y, Ozaslan E, et al. The evaluation of
bone mineral density in patients with nonalcoholic fatty
liver disease [J]. Wien Klin Wochenschr, 2012, 124 (15/
16):526-531

[5] Buettner R, Schslmerich J, Bollheimer LC. High-fat diets:
modeling the metabolic disorders of human obesity in ro-
dents[ J]. Obesity(Silver Spring) ,2007,15(4) : 798-808

[6] Schlegel A. Studying non-alcoholic fatty liver disease with
zebrafish: a confluence of optics, genetics, and physiology

[J]. Cell Mol Life Sci,2012,69(23) :3953-3961

[7] Bondioli L, Bayle P, Dean C, et al. Technical note: mor-
phometric maps of long bone shafts and dental roots for
imaging topographic thickness variation [J]. Am J Phys
Anthropol 2010, 142(2) :328-334

[8] Chiba K, Burghardt AJ, Osaki M, et al. Heterogeneity of
bone microstructure in the femoral head in patients with
osteoporosis: An ex vivo HR-pQCT study[] 1. Bone, 2013,
56(1):139-146

[9] Cheuk KY,Zhu TY, Yu F, et al. Abnormal bone mechani-
cal and structural properties in adolescent idiopathic sco-
liosis: a study with finite element analysis and structural
model index/[ ] ]. Calcif Tissue Int,2015,97(4) :343-352

[10] Bredella MA,Gill CM, Gerweck AV, et al. Ectopic and se-
rum lipid levels are positively associated with bone mar-
row fat in obesity[ﬂ‘ Radiology,2013, 269(2):533-540

[11] Cao JJ. Effects of obesity on bone metabolism [J]. ] Or-
thop Surg Res,2011,6(6):30

[12] Yilmaz Y. Review article : non-alcoholic fatty liver disease
and osteoporosis - clinical and molecular crosstalk [T]. Al-
iment Pharmacol Ther,2012,36(4) :345-352

[13] Fujisawa R, Tamura M. Acidic bone matrix proteins and
their roles in calcification[ J ]. Front Biosci,2012,17(1):
1891-1903

[14] FulzeleK, RiddleRC, DiGirolamo DJ, et al. Insulin recep-
tor signaling in osteoblats regulates postnatal bone acqui-
sition and body composition[ﬂ. Cell, 2010,142(2) :309-
319

[15] Xu F,DuY, Hang SL, et al. Adipocytes regulate the bone
marrow microenvironment in a mouse model of obesity
[J]. Mol Med Rep,2013,8(3):823-828

[16] Zeng FF, Wu BH, Fan F, et al. Dietary patterns and the
risk of hip fractures in elderly Chinese: a matched case-
control study [J]. J Clin Endocrinol Metah,?2013,98(6) :
2347-2355

[17] Lu XM, Zhao H, Wang EH. A high-fat diet induces obesi-
ty and impairs bone acquisition in young male mice [J].
Mol Med Rep,2013,7(4):1203-1208

(WFEBEH] 2017-11-22



