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ABBREVIATIONS

BMI body mass index

NAFLD Nonalcoholic fatty liver disease
NASH Nonalcoholic steatohepatitis

WAT White adipose tissue

LEP-R Leptin receptor

DGAT Diglyceride acyltransferase

TAG Triacylglycerol

AST Aspartate transaminase

ALT Alanine transaminase

IL-6 Interleukin-6

TNF-a Tumor necrosis factor—alpha

PPAR-y Peroxisome proliferator—activated receptor alpha
C/EBPB CCAAT/enhancer-binding protein beta
Epi fat Epididymis fat

HF High fat diet

Con Control diet
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Figure 1. The relationships between various biomarkers related to
obesity prevalence or obesity-linked disease.

A model presents the relationship between obesity and obesity-related
complex diseases. The middle box 1is the pathophysiological factors
involved in the development of the disease. Many of these
pathophysiological factors may interact and may be involved in more
complex causal pathways, but potential interactions have been omitted

for clarity.[8]
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Figure 2. The prevalence of obesity and obesity-linked diseases.

The prevalence of obesity and obesity-related diseases over 10 years
(201172020) was presented. Obesity; high blood pressure; hyperlipidemia;
diabetes; Among them, the prevalence of obesity and diabetes is the

highest in recent years.[3][17]
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Figure 3. The transition process spectrum from a healthy liver to
hepatocellular carcinoma. It was well known that NAFLD might be
caused by several risk factors such as obesity, diabetes, high blood
pressure, dyslipidemia, insulin resistance, and genetics. NAFLD can be
reversibly returned to a healthy liver, but it is difficult to return if

cirrhosis or higher progresses.[35]
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Table 1. Diet composition of contents & experiment diets

Total kcal intake Unit Control High fat
Carbohydrate Kcal% 67 20
Protein Kcal% 24 20
Fat Kcal% 9 60
Total Kcal% 100 100
Ingredient

Carbohydrate source gm% 57.00 -
Maltodextrin 10 am% - 16.15
Sucrose ogm% - 8.89
Protein source ogm% 20.00 -
Casein, 30 Mesh ogm% - 25.84
L-Cystine gm% - 0.387
Fat Source gm% 3.54 -
Soybean Oil agm% - 3.23
Lard gm% - 31.65
Fiber gm% 4.50 6.46
Vitamin Mix, S10026" ogm% - 1.29
Vitamin A IU/g 34.32 -
Vitamin D3 IU/g 8.00 -
Vitamin E agm% 0.0098 -
Vitamin B gm% 0.00001 -
Niacin gm% 0.019 -
Choline am% 0.2148 -
Mineral Mix, V10001? gm% - 1.29

D Mineral Mix S10026 (Amt in 10gm/kg)

Sodium Chloride 2.6g; Magnesium 0.5g; Sulfur 0.33mg; Molybdenum 1.6mg; Chromium
2.0mg; Copper 2.0mg; Iron 37mg; Manganese 59mg; Iodine 0.2mg; Fluorine 0.9mg;
Selenium 0.16mg; Zinc 29mg;

2 Vitamin Mix V10001 (Amt in 10gm/kg)

Vitamin A 4000IU; Vitamin D3 1000IU; Vitamain E 50IU; Menadione 0.5mg; Biotin 0.2mg;
Vitamin B2 10xg; Folic Acid 2mg; Niacin 30mg; Pantothenic Acid 16mg; Vitamin Bs
Tmg; Vitamin B, 6mg;, Vitamin 6mg
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H Ao A 2087 vk& A 71tk 04N NaOH €95 7247 ImL Y il vortex
b 5 A2oA 103 wSAZITE HHEAIZ &S 96 well plateo] 100ul



2 BF3E 5 spectrometer 7] 7]E 505mm }FANA FHEE =AHSA

AST9} ALT s%& 779

S

e
ftlo
>
op
_O‘L
£
>
%!
.%

standard

kel
4

—Z
U

curve, ALT standard curve FA A4S 18 AAFSEA T}

4-2. 7+ 2A 9 A4 FZ (Folch)

NaCl(0.9%) 3 vl=& 91 3t 24& #33ke 13,000rpmeoll A 207 €
AEed ¥ 2A4e At dAF FAE 3H ¥HEgth Chloroform ¥}
Methanol& 2:1 H] &= 4ol A %3 folch solutions F7+s ¥ vortex$}
ice R¥S 5 wHESte] &gttt 3,000rpmol A 203 A= S F st
Z NS A 2§ conical tubed FHF %A HEvh. M ZF conical tubecl
0.9% NaCls F7Fgt 5 3,000rpmoll Al 20&3F YA Ee st 7y sk
A ZE e-tubed] &A B2 F HAATVFAE ol &3tY TS VAT
7184171 5 B0 chloroforme F713F 5 A#3te] sample® A}-&3kc}. 3

2 sample triglyceride, total cholesterol =4 o A& 3} T}

4-3. 22 A A} (Hematoxylin & Eosin staining)

4% formaldehydeol A HIUE I+ 24 & AAG F A3 A7
2 Zgtdo] 70% ethanol, 80% ethanol, 90% ethanol, 100% ethanol (
Sigma-Aldrich, St. Louis, MO, USA), 50:50 xylene—ethanol, 1009 xylene
(Duksan General Science, Seoul, Korea) & 9o & Hdxz sttt Axg %
paraffin (Leica biosystems, California, USA)ol] &7} Z 2 A}o]ol paraffin
S 5 A7t} Paraffin dispenser (Leica biosystems, Nussloch, Germany)

S A}E38le]  paraffin 5L WS cold plate (Leica biosystems,

Nussloch, Germany)& A}83}o] paraffin 52 =30, e £S5

=

rotary microtome (Leica biosystems, Nussoloch, Germany)Z ©]-&3}o] 6y
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o] FAR wAdsgy. uvrds HdES 40C water bath for paraffin
sections (Leica biosystems, Nussoloc, Germany)el] I t}7} slide glass
(MUTO PURE CHEMICALS CO.LTD., Tokyo, Japan)ol 2#Alzlth A
AL FF3 slide glassE= hot plate (Leica biosystems, Nussoloch,
Germany)ol =3¢ AZXAZY. A7) Z paraffin AAE 3] 100%
xylene, 50:50 xylene-ethanol, 10026 ethanol, 902 ethanol, 80% ethanol,
70% ethanol, tertiary distilled waterel <A = H7} deparaffindlt}.
Hematoxylin solution (03971, Sigma-Aldrich, St.Louis, MO, USA)¥} eosin
(BBC Biochemical, McKinney, TX, USA)o. & gAS 2t} 2= F
Frz At &d8 Aol FH 70% ethanol, 80% ethanol, 90%
ethanol, 100% ethanol, 50:50 xylene-ethanol, 100% xylene®] =}# = w7}
g3ttt "g94H 22 AW slide glass 9ol DPX  Mountant
(Sigma-Aldrich, St.Louis, MO, USA)E £3l cover glass (Paul Marienfeld
GmbH & Co. KG, Lauda-Konigshofen, Germany)® Yol 2@t}
Hematoxylin & Fosin staining®] Z8% slide glass© fluorescence
microscope (Olympus Corporation, Tokyo, Japan)Z& o] &3le] oz =

3 353 ek,

o1
BN

Z gz Bg (Western Blotting analysis)

ZA lysis buffer (IM Tris, 5M NaCl, 0.1M EDTA, pH 7.4)%}
protease inhibitor (GenDEPOT, Katy, TX, USA), phosphatase inhibitor
(GenDEPOT, Katy, TX, USA)E #H7}ste] %27 #37] (Next Advance,
Averill Park, NY, USA)E Tl ZEH3Act olF 4T L& 7]A
13,000rpm .2 207F AR &, AFdS FEstsith. Bradford

al

2]
method® ©MAS AHHs 1, sampled FE3 @A  lasemmli
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sample buffer (Bio-Rad, Herculanos, CA, USA)®} 2-mercaptoethanol
(Sigma-Aldrich, St. Louis, MO, USA)S Z3%3te] #|zx3Act. 8715%
SDS-PAGE gelS AlZ3sle] 100VelA 308, 120VAlA 60% #H7]9& 3t
%], transer blot module (Biorad, Herculanos, CA, USA)S AF-&3lo] 280mA
o A 90+ &<t nitrocellulose membrane (GE healthcare, 10600003, USA)
7} poly vinylidene fluoride membrane (GE healthcare, 10600023, USA)S
2 9SS transferst A th. Membrane< 1X tris-buffered saline with
0.1% tween-20 (TBST)oll =<l 3% BSA9A 1A%t 52t blockingst %

12 &A= 3% BSAC 1:1,0008.2 3|2 &) membraned] 4ColAl 16A] 1t
ol WAl AT o] F membranes 1X TBST buffer2 103+ 3 Al 2 gk
H, 22+ @A E 1500002 A st 1A17F &t WAl AT AFESE A=
Table 2.1 AAA&AE vpAeto 2 1X TBST buffer2 10%3F 589 412 8}
dom ECLE&Y (Bio-rad, Hercules, CA, USA)d| 487+ W3] Z ).
Chemidoc imaging systems &3] 733 2™, image lab software

(Bio-rad, Laboratories, USA)ZS o] &3}o] #2433t}
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Table 2. 15 antibodies and 2™ antibodies used in western blotting

analysis.
1*" antibody Company Cat. #
TNF-a CST 3707
IL-6 CST= 8904
PPARY santa cruz sc-7273
C/EBPB CST 3082
GAPDH Enogene E11-12057
Vinculin CST 4650
Adiponectin CST 2789
Leptin Biolegend M1905E01
B-actin Enogene E12-041
2" antibody Company Cat. #
anti-mouse CellNest CNG004-0005
anti—rabbit CellNest CNG005-0005

* CST,; Cell Signaling Technology

6. Statistical analysis

2 AT BA Age HA 3 §bE ol FIg AyE 7|ne=
Statistic Package for the Social Science software ver 26.0 (SPSS Inc,
Chicago, IL, USA) SAZ=adS F3f ZAsdt. =E Axds 3d
(mean) + X FH=A (standard deviation, SD)= uWEFHSI T Controli*
(Con)¥ High Fate* (HF) 7Fe] #ol= =HEE T 7 A (independent two
sample t-test)= T3 FYAFAE AT, & FA +4L2 p<05 I

oA FedS HISsAT
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m. 23 ¢ 3%
1. A%, Aol 4AZ 2 Ao &g

Coni* ¥} HF 9] o] AFHd w2 A5 Wats #zstr] da AF, 2
of A, 2o &85 =43ttt (Table 3.). Conwtol H]3ste] 253+ HF
Aol Ao mE AT FoHor Sk v Aol A FE A
t (Fig 4-A.&B.). webA 2ol AHFA win] ATl ¥ FS7Hg HF ol
Con Bt} o8 o ¢ H& 2jo] &

Niepoetter et al.2] A7+ <3t 2 A3} T2 60% LA W2 o]&

ol #St 10% AWe FHE HolE Wl 7
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Figure 4. Differences in body weight gain (A), dietary intake (B)

and food efficiency ratio (C) in the HF and Con groups for 2

weeks.

s p<l 01, *#xp<.001)

Data were assessed by
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Table 3. Weight gain, Dietary intake and Food Efficiency for 2
weeks—-treatments with the HF and the Con diets.

Control High Fat
Group p-value
n=6 n=6
Body Weight(g) Initial 132.16+£540 136.13+7.18 NS
Final 232.41£13.75 251.27+13.10 0.035%*
Body weight gain(g) 100.25+896  115.13+7.86 0.012x
Dietary intake(g)
Average/] week 19.37+1.45 14.76+0.97 0.000%3
Average/2 week 22.75+1.90 16.02+£1.00 0.000 %3
Total 42.13+3.26 30.77+3.26 0.0003
Food Efficiency Ratio(%)*
1 week FER 34.59+2.03 51.46+2.33 0.000 3
2 week FER 39.11+2.37 64.50+2.77 0.000 3
* Food Efficiency _ Body weight (g) < 100
Ratio (%) Food intake (g)
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Figure 5. Changes of weights in several organs, such as liver,
spleen, kidney and fat tissues (A & B), fed with the HF (60%E)
diets for 2 weeks compared to the Con diets. Data were assessed by

independent sample t-test. (*p<.05, **p<.01, ***p<.001)
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Table 4. Changes of weights in organs and fat tissues for

weeks diets with the HF and the Con.

Group Con HF

Item n=6 n=6 p-value
Organ (g/100g body weight)
Liver 3.65+0.23  3.59+0.36 NS
Spleen 0.29£0.06  0.29£0.04 NS
Kidney 0.87+0.04  0.83+0.06 NS
Fat (g/100g body weight)
Kidney fat 0.41£0.10 1.07x0.29  0.002:xx
Visceral fat 0.87£0.32 1.22%0.06 0.045%
Epididymis fat 0.56+0.10 1.07x0.35 0.014x
Fat Total® 1.84+0.31 3.36+x0.65  0.001=x*

*Total fat is the sum of kidney fat, epididymal fat, and visceral fat
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AG Qs B Al FE3 plasmaS o &35t] 1+ S AAE A5
t}. Con o] HFw RO =4 SH4HJ oY, ALTS AF + & 3He] F9st

zpo] 7 9l AST, ALT 2% AAHEY (<40IU/L) o2 =HEo 7+ =
Aol #FAZE gl waag

AST ALT
401 p<0.01 5 p=NS
—

30 ———— 41
) )
5 5 %
= 2 Nt

24

2 e

104 11

0 T 0 T

Con Con HF
(A) AST (B) ALT
AST/ALT

8_
S e— p<0.01
=)
= 64
[
-
<
41
=4
@
£ 2+
8
=

0 T

Con HF

(C) AST/ALT in plasma

Figure 6. Changes of activities of plasma AST (A), ALT (B) and
AST/ALT ratio (C) in 2 weeks—treatments with the HF (60% E)
and Con diets. Data were assessed by independent sample t-test.

(xp<.05, *xp<.01, ***xp<.001)
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4. Plasmasl 49 89, 24 2 $2H26F 53 =3

Plasmaol A 2] a9, TAAYL 9 FFY2HE FX5 SAH3AY. HF
o] Conitoll Hla] Qe FA7} Fodo=z =& Zs g oy 54

vty 22 Y AHE $£Xx 8 HFTo] Condol v]sho] vkt

Gauthier et al.9] 7o o3t 42% A WS sh{-3F 2 ol9f 12% A4k 3
1 2ol& Uxste] AFstAdS W AT 657 A7A F 9 plasma TAG
FA7E frolgh ol o™ 2F Aol 12% A i Aol A A9
plasma TAG A7} ¢ #=Uth[75] a9 A7+ & AFHT AW ol

AL 42% Ae e Hols Awstd oy, 65 A fFoF Aol 7t

ol d7T AHdo] el ZAHHAAY, HFS] Fo] 7|7ke] ol ke A

dol o m FREA K3 HHY Aom AlRHEU 1AA R o =
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Figure 7. Changes of plasma blood glucose (A), triglyceride (B)
and total Cholesterol (C) in 2 weeks-treatments with the HF (60%
E) and Con diets. Data were assessed by independent sample t-test.

(xp<.05, #xp<.01, **xp<.001)
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Table 5. Triglyceride and total cholesterol concentration in liver

fed HF and Con diets for 2 weeks.

Control High Fat
p-value
n=6 n=6
Hepatic TG(mg/g) 2.10£0.65 8.68£2.46 0.0003
Hepatic TC(mg/g) 5.17+0.66 5.54£0.88 NS(0.302)
Triglyceride Total Cholesterol
15 p<0.0001 8- NS
5 N
= (2]
£ 10 £
[} O,
o o’
8 5 5
0 T 0 T
Con Con
(A) Triglyceride (B) Total Cholesterol

Figure 8. Triglyceride (A) and total cholesterol (B)
concentrations in liver tissues for 2 weeks diet with the HF (60%E
fat) and the Con (9%E fat). Data were assessed by independent

sample t-test. (xp<.05, **p<.01, ***p<.001)
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(A) Control diet

feeding

(B) HF feeding
for 2 weeks

(C) HF feeding
for 15 weeks

S e S T

Figure 9. Comparison of H&E staining to find fat accumulation in

liver tissues fed the Con (A), the HF for 2 weeks (B) and the HF
for 15 weeks (C). The C sample came from our pre-experiments of
longer treatment (15 weeks) with high fat (60%) diets to compare B

sample. The scale of the picture is 20X.
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Figure 10. Production of proinflammatory cytokines in liver
tissues, such as TNF-a and IL-6 in 2 weeks—-treatments with
the HF and Con diets. Data were assessed by independent sample

t-test. (xp<.05, *xp<.01, **xxp<.001)
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8. AW =AM Adipogenesis #A =&

ARAE f ZEstE A7) fAske]l epi fatelA FE3F proteinS ®
western blottingS 33ttt AWAE &3} nlARZ g A dE PPAR-y
¢} C/EBPBS] 2d AEE FdstArh

Conwell Hlate] HFwellA 9] PPAR-y¢ C/EBPBO &2 ztzt 1.364H,
1.250) S7Fsk AS Slgo =z 257k A H HAHE F 3] adipogenesis
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Figure 11. Expression of adipogenesis biomarkers in epi fat such
as PPARy, C/EBPB fed HF & Con diets for 2 weeks. Data were

assessed by independent sample t-test. (xp<.05, **p<.01, ***p<.001)
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Aoyt Hal I3 tigh vkgo=w AWz dF WhES -
d T 83k 938 3F= adipokine®] AAS st 9] epi fatll A F

2 3o AL ottt (Figure 12-A.). Adiponectin® X H]uko] A

ZF23bal 7 A WS = NASH SHAtol A 4 ¢ ve Fege HolHy

o s AHFoA NASHZ F &%= NAFLD7F %859t adiponectin
o] WH 2 20740% FrAadkrh. H3E adiponectin® G 7F vk NASH ¢
, ] adiponectin®] ZA¥o] AWt AtA 5 7

&4 dAd 8% 93 84dS AT rt[88]

Leptin® 3 &<l A3, HF« WiHl ConwolA FostA T3 ¥t
(Figure 12-B.). ®if-<& HIRFE oAb leptin 827 A5 A @ =
gsk= leptin®] X 7F HwbeRA] ke Aol w®lske] F7Egkt). Figure
12-B.¢} 2ol A7l U2 olf 2579 HF FolZ+& leptin®] & o]

F
5k leptin AZAA S KHol= Aow Atgdn.

X
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Figure 12. Expression of inflammatory (leptin) and anti-inflammatory
cytokines (adiponectin) and their ratio in fat tissues in 2 weeks diet
—treatments with the HF and Con diets. Data were assessed by

independent sample t-test. (¥p<.05, **p<.01, ***p<.001)
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ABSTRACT

Effect of short-term(2 weeks) high-fat diet

on non-alcoholic fatty liver in SD rats.

Kim, Narae
Department of Food and Nutrition
Graduate School of

Sungshin Women’s University

Background

The high—fat diet-induced obesity (DIO) model design, which induces
obesity by using a high-fat diet, is commonly used in experiments on
drugs and functional foods that suppress obesity. However, high-fat diets
are composed of various percentages of energy values from 45% to 60%,
with advantages or disadvantages in vivo study. Our purposes are to
reduce the side effects, such as metabolic abnormalities with high—fat diets,

and to induce a short—treated DIO model according to goals.

Methodologies

This study investigated weight gain for the body and organs, blood
biochemistry (TG, TC), liver toxicity (ALT, AST), lipid metabolism in liver
and fat tissues (TG and TC levels, H&E staining, western blot for

adipogenesis biomarkers. and inflammatory/anti-inflammatory cytokines

_57_



such as TNF-a, IL-6, leptin, and adiponectin) in two groups, HF (60% fat)

and the Cont (regular diet) for 2weeks-feeding.

Results

There were no differences in hepatotoxicity (AST, ALT) and organs’
weights (liver, spleen, kidney) between HF and the Cont groups(Con; chow
diet; 9% fat). The fat tissues weights (kidney, visceral fat, epididymis),
protein expression of adipogenesis (PPAR-y and C/EBPQ) in fat tissues,
and inflammatory cytokines expression (TNF-a, IL-6) in liver tissue were
significantly increased in HF group compared to the Con. Blood TG and
TC decreased in the HF group compared to the Con; however, we
confirmed fatty liver in the HF group because TG accumulation (TG
levels) and lots of lipid droplets (H&E staining) were found in liver that
feed HF diet. Leptin, the obesity gene, and adiponectin, the anti—obesity
biomarker, which are cytokines secreted from the adipose tissue, were

reduced by the HF diet compared to the Con.

Conclusion

In this study, the fatty liver with inflammation status was induced by
only a 2weeks feeding of 60% HF diet. However, more than the
administration period is needed to find how to generate the process from
NAFLD to NASH. Therefore, the mechanism of causality between a
dietary fat diet with an administration period and obesity prevalence with

NAFLD might be performed in the future.
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