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High fructose and high fat diet increased bone volume of trabecular and cortical
bone in growing female rats*

Ahn, Hyejin' - Yoo, SooYeon' - Park, Yoo-Kyoung'

"Department of Medical Nutrition, Kyung Hee University, Gyeonggi 17104, Korea
Research Institute of Medical Nutrition, Kyung Hee University, Seoul 02447, Korea

ABSTRACT

Purpose: The objective of this study was to investigate the effects of a high fructose and fat diet on bone growth and
maturation in growing female rats. Methods: Three—week—old female SD rats were randomly assigned to four experimental
groups; the control group (CON: fed control diet based on AIN-93G, n = 8); the high—fructose diet group (HFrc: fed control
diet with 30% fructose, n = 8); the high—fat diet group (Hfat: fed control diet with 45 kcal% fat, n = 8); and the high—fat diet
plus high fructose group (HFrc + HFat: fed diets 45 kcal% fat with 30% fructose, n = 8), Each group was assigned their
respective diets for the remaining eight weeks, Bone—related parameters (bone mineral density (BMD) and structural
parameters, osteocalcin (OC), deoxypyridinoline (DPD)) and morphologic changes of kidney were analyzed at the end of the
experiment, Results: Final body weights and weight gain were higher in the HFat and HFrc + HFat groups and showed
higher tendency in the HFrc group compared with those of the CON group (p { 0.05); however, no significant difference in
caloric intake was observed among the four experimental groups, The serum OC levels of the HFrc and HFrc + HFat groups
were lower than those of the CON and HFat groups (p { 0.05). Urinary levels of DPD did not differ among the experimental
groups. BV/TV and Tb.N of trabecular bone were higher in the HFrc + HFat group and showed a higher tendency in the
HFrc group than those of the CON and HFat groups (p ¢ 0.05). Tb.Pf of trabecular bone were lower in the HFrc + HFat
group than those in the CON and HFat groups (p { 0.05). However, no difference in trabecular BMD was observed among
the experimental groups. Cortical bone volume was higher in the HFat and HFrc + HFat groups than in the CON and HFrc
groups (p ¢ 0.05). No morphology change in kidney was observed among the experimental groups, Conclusion: Our study
suggests that 8 weeks of high—fructose and high fat intake could improve the bone quality (Structural parameters) of
trabecular and cortical bone of tibia in growing female rats.

KEY WORDS: high—fructose diet, high—fat diet, kidney function, bone growth, growing rats

M E 571 71E 83 dR1oE AAHA low, 71F2

F B Ho]Hol| FE 2o ]% NFd e aTAY

T 7|32ES 53 Hride] Hilske] §43] &7 (High fructose corn syrup, HFCS)®] 3 gk 571 (42%

Sl Q= Aoz UeRton, JFgAEe] AN 2 — 55%)% 19 A3l S = Ao Yehgr) !
o wet o] AHeke] sl vkl Rugdeh!S S 33 97 Fo) A dataide] £ HolS 405

=3 447] olgiole] SEF AAZ/IE 447 B A T HL ol ASo] wAse 3E o Atk WAE

nQL’r

|

Received: September 10, 2015 / Revised: September 24, 2015 / Accepted: October 1, 2015

*This work was carried out with the support of “Cooperative Research Program for Agriculture Science & Technology Development
(project No. 00982602)” Rural Development Administration, Republic of Korea.

"To whom correspondence should be addressed.

tel: +82-31-201-3816, e-mail: ypark@khu.ac.kr

© 2015 The Korean Nutrition Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.



382/ g @ A AF e = A%

L 26% = A4S HARE-S 7 SIS Ao 2 B
a0 wh glant ARe] A9l tAEFolu Azke:
= Lﬂ‘go] Hug n) QJoh>0 3l 855
A g Holu 575 TF (4—71“~87H“3'%)E‘AF ofe] Aol
A= 217Al, BUN (blood urea nitrogen) 2 glomerular
filtration rate (GFR)2] %353} albuminuria?} 2}
ol9lo| = thakst A2 Bl 7|5 WHElE ekt
TR ITA (5

2F AH FFS B AT Al mEd 11
W 2ARE sk oFso] ©Eks Ul dEdke ZoE g
wom, AAZ g37] ofdolo] uA S5 A7t 1
A 24 e} ko] AuBAS ®elvka Bug uf 9ok
olsE9 ol Agae] AAdr] Bk Rle] Hrh
3 Harg vk glow, A Fgke] S kg EF
cholesterol, TG, glucose 52| F=ol J&S- = 5 9
A el A} £ AFoIC) I oA HelT 7
== Qe #AY9 A AFH7F A%l wAlE dol o
Sk =y A7 A HoRaL AR g 47
ZAt)] B X)= FBkol tsk A= AE-S)Th

A7) (ij\Lﬂ 7]),_ A = FAJAbo] 7 Ehdbsle] A
Al ZF] 40% 7S F2eke 2 850l 83 A7

f%
dlo
Wk
113:

UH%OH

o 1Y) o1 WA Aol

5w

#9 B i
S OE R
540171 o} o]

o off off

o
o
)

ok

41 2

2ol o
= 2=

2 Al Aoz s 9o A
HAY T8 290019
st 243
A3kt mahe
2 5 glck. 99, The A8 ATelAE

SfaA 3

o
ox
o "
o
£
i
[o
o
ol
ol
2

oguﬁﬂ 3

Y
of
FHJ
N g

r
-
I

ol O i uE ok o

u—HL
e

@ﬂm FEoa FUEs} SpEATta B
_LT_‘.D]— /\lo] /H_A:,l,g. 01%‘3}}\‘?\

clelt Asim spgel HUEe] fo)

O 11
%e CR=]

o
=
< ) T34 = A5l miX=

Q771 BAG

9%

31
Jolch.

olth10 o] X719] Z&F F5o H) = A (peak bone oof] B Aol M= Pukd]o] (based on AIN93-G)YE A
mass, PBM)Jl| Q&ks S0l Zdr] $4ke] 2thgs 9 = Fg o8 UIRT 0 o] 1y 52 aAE FHkst
Table 1. Ingredient composition of experimental diets

CoNY HFrc?) HFatd) HFrc + HFat
% gm Kcal agm Kcal gm Kcal gm Kcal

Protein 20 20 20 20 24 20 24 20
Carbohydrate 64 64 64 64 41 35 41 35
Fat 7 16 7 16 24 45 24 45
Total 100 100 100 100
Kcal/gm 4.0 4.0 4.8 4.8
Ingredient gm Kcal gm Kcal gm Kcal gm Kcal
Casein, 80 Mesh 200 800 200 800 200 800 200 800
L-Cystine 3 12 3 12 3 12 3 12
Corn Starch 397.5 1,590 229.5 218 137 548 0 0
Maltodexirin 10 132 528 100 400 100 400 37 148
Sucrose 100 400 0 0 100 400 0 0
Fructose 0 0 300 1200 0 0 300 1200
Cellulose 50 0 50 0 50 0 50 0
Soybean Oil 70 630 70 630 26 234 26 234
t-Butylhydroquinone 0.014 0 0.014 0 0.014 0 0.014 0
Lard 0 0 0 0 174 1,566 174 1,566
Mineral Mix® 35 0 35 0 35 0 35 0
Vitamin Mix¢! 10 40 10 40 10 40 10 40
Choline Bitartrate 2.5 0 2.5 0 2.5 0 2.5 0

Total 1,000 4,000 1,000 4,000 837.5 4,000 837.5 4,000

1) CON: rats received control-diet based on AIN-93G (4.0 kcal/g diet)
(4.0kcal/gdiet)  3) HFat: ratsreceived 45 kcal% fat-diet (4.8 kcal/g diet)

tose (4.8 kcal/g diet)

2) HFrc: rats received 30% fructose-diet based on control-diet
4) HFrc + HFat: rats received 45 kcal% fat-diet with 30% fruc-
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Fig. 1. Changes of body weight of experimental groups during
8 weeks. CON: rats received control-diet based on AIN-93G (4.0
kcal/g diet), HFrc: rats received 30% fructose-diet based on con-
frol-diet (4.0 kcal/g diet), HFat: rats received 45 kcal% fat-diet
(4.8 kcal/g diet), HFrc + HFat: rats received 45 kcal% fat-diet with
30% fructose (4.8 kcal/g diet)
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Fig. 2. Photomicrograph of glomerulus in the experimental groups taken at 8 weeks, pertaining to the respective groups (A: CON, B:
HFrc, C: HFat, D: HFrc + HFat). All experimental groups showed normal glomeruli and tubules. H&E stained glomeruli x400. Magnification
bars 40 um. CON: rats received control-diet based on AIN-93G (4.0 kcal/g diet), HFrc: rats received 30% fructose-diet based on control-
diet (4.0 kcal/g diet), HFat: rats received45 kcal% fat-diet (4.8 kcal/g diet), HFrc + HFat: rats received 45 kcal% fat-diet with 30% fructose

(4.8 kcal/g diet)
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Table 2. Serum and urinary levels of bone biomarkers

CON? HFrcd) HFat HFrc + HFat®)

(n=8) (n=8) (n=8) (n=8)
Serum OC? (ng/ml) 17.4+3.7"9 147 +£1.0° 17.5+1.6° 13.6+2.2°
Urinary DPD’) (nmol/mmolCr®)) 190.8+71.0 158.2 + 50.4 183.5+40.5 165.3+28.8

1) Data are presented as means + SD, statistical difference between the experimental groups based on one-way ANOVA and Duncan'’s

multiple range tests at p < 0.05.

2) CON: rats received control-diet based on AIN-93G (4.0 kcal/g diet)

3) HFrc: rats received 30%

fructose-diet based on control-diet (4.0 kcal/g diet)  4) HFat: rats received 45 kcal% fat-diet (4.8 kcal/g diet)  5) HFrc + HFat: rats
received 45 kcal% fat-diet with 30% fructose (4.8 kcal/g diet)  6) OC: osteocalcin  7) DPD: deoxypyridinoline  8) Cr: creatinine

% DPDE 343 2345 Yepd. 8% OC %
HFrc (14.7 + 1.0 ng/ml)73} HFrc + HFat (13.6 £ 2.2 ng/
mlyro] 2T (17.4 £ 3.7 ng/mhE ) F2] 8 0 2 wioir)
(p < 0.05).
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Table 3. Architectural and mineralization parameters of the experimental groups

CON? HFrcd HFat¥ HFrc + HFat®)
(n=4) (n=4) (n=4) (n=4)
Trabecular Bone
BV/TV (%) 13.6 4.3 19.4+ 4,200 14.4+1.4P 21.9+4.3°
BS/BV (mm) 43.1£29 40.4%3.5 429+23 41.2+6.8
Tb.Th (mm) 0.09 £0.00 0.09 £0.01 0.09 £0.00 0.09 £0.01
Tb.Sp (mm) 0.6+0.2 0.4%0.1 0.5%0.1 0.4%0.1
To.N (mm) 1.6+0.4° 2.1+£0.3% 1.6+0.1° 2.3+0.4°
Tb.Pf (1/mm) 12.5+2.1° 9.7 £2.290 12.6+1.3° 8.1+2.5°
SMI 2.1+0.2 20+0.2 2.2%0.1 1.8+0.2
BMD 0.14%0.04 0.15+0.05 0.14£0.01 0.15+0.08
Cortical Bone
BV (mm?3) 7.9+0.5° 7.7+0.3P 8.6+0.1° 8.5+0.4°
MMI (mm?) 11.3£2.2 10.1£0.8 120+ 1.4 120£1.0
Cs.Th (mm) 0.34+0.02 0.35+0.03 0.38+0.03 0.39 £0.02
BMD (g/cm?) 0.94+0.03 0.96+0.03 0.96+0.03 0.99+£0.02

1) Data are presented as means £ SD, statistical difference between the experimental groups based on one-way ANOVA and Duncan's

multiple range tests at p < 0.05.

2) CON: rats received control-diet based on AIN-93G (4.0 kcal/g diet)
fructose-diet based on control-diet (4.0 kcal/g diet)  4) HFat: rats received 45 kcal% fat-diet (4.8 kcal/g diet)

3) HFrc: rats received 30%

5) HFrc + HFat: rats

received 45 kcal% fat-diet with 30% fructose (4.8 kcal/g diet), BV/TV (%): bone volume fraction, BS/BV (mm): bone surface to volume,
Tb.Th (mm): trabecular thickness, Tb.N (mm): frabecular number, Tb.Sp (mm): frabecular separation, To.Pf ( mm): frabecular pattern fac-
tor, SMI: structure model index, BMD (mg/cm?®): bone mineral density, BV (mm3): bone volume, MMI ([mm?#): mean polar moment of iner-

tia, Cs.Th (mm): cross sectional thickness.
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Fig. 3. Representative 3D images of frabecular bone (right tibia)taken at 8 weeks, pertaining to the respective groups (A: CON, B: HFrc,
C: HFat, D: HFrc + HFat), obtained with in vivo micro-computed tomography (micro-CT). Changes in structural parameters (BV/TV, BS/
BV, Tb.Th, Tb.Sp, Tb.N, Tb.Pf, SMI and BMD) of frabecular bone over eight weeks were quantified and shown in Table 3. CON: rats
received control-diet based on AIN-23G (4.0 kcal/g diet), HFrc: rats received 30% fructose-diet based on control-diet (4.0 kcal/g diet),
HFat: rats received45 kcal% fat-diet (4.8 kcal/g diet), HFrc + HFat: rats received 45 kcal% fat-diet with 30% fructose (4.8 kcal/g diet)
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