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Oyster Extract Ameliorates Steatosis in Mice Model
with Non-Alcoholic Fatty Liver Disease

Suguru Fuxupa, Shin HarumATSsU, Hiroyuki MaTtsur and Yoshikazu MATSUDA
Central Research Institute, Japan Clinic Co., Lid.

Summary

We studied whether oyster extract protected a model mouse of non-alcoholic fatty liver disease (NAFLD)/non-alco-
holic steatohepatitis (NASH) against steatosis and inflammation. Male C57BL/6]JmsSLC mice were randomly divided
into 3 groups that were fed different diets for 6 weeks: the negative control group received a standard diet (AIN-
93G), the positive control group were fed a choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD; to induce
NASH) plus methionine and choline (at equivalent levels to those found in the oyster extract), and the oyster extract
group were given the CDAHFD plus oyster extract. The serum biomarker levels of the mice were used as markers
of liver failure. The histopathology of the liver and hepatic fibrosis (ie., the mRNA levels of fibrosis-related genes
such as Collal, Col3al, Coldal, and Ctgf) were examined in order to assess hepatic steatosis and inflammation, re-
spectively. The mice fed the CDAHFD plus methionine and choline developed enlarged fatty livers and inflamma-
tion. However, treatment with oyster extract ameliorated the hepatic steatosis and inflammation induced by the
CDAHEFD. Moreover, a smaller CDAHFD-induced increase in fibrosis-related gene expression was seen in the livers
of the mice fed oyster extract. These findings suggest that oyster extract suppresses non-alcoholic fatty liver disease

by inhibiting steatosis.
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Fig. 1 Characteristics of the rodent NAFLD/NASH model

Increased FA from dietary intake

(I) Increases in the supply of FA from dietary intake or adipose tissue cause fatty changes in the liver.

(II) Hepatic FA are synthesized from carbohydrates via pathways regulated by SREBP-1¢c and ChREBP.

(IIT) FA oxidation occurs in mitochondria, peroxisomes, and microsomes.

(IV) Hepatic TG are released from the liver as components of VLDL.

(V) Hepatic cholesterol accumulation leads to calcium depletion and ER stress, with the activation of the unfolded protein re-

sponse and ER stress-induced apoptosis.

(VI) Low doses of endotoxins cause liver damage in HFD-induced steatosis.
FA: fatty acids, SREBP-1c: sterol regulatory element-binding protein-lc, ChREBP: carbohydrate response element-binding
protein, TG: triglycerides, VLDL: very low density lipoproteins, ER : endoplasmic reticulum, HFD: high fat diet
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Table 1 Composition of experimental diets (g/100 g diet)

Component / Group NC PC OE
g/100 g

CDAHFD 49.17 67.56 64.21
Corn Starch 48.30 — —
Lard 1.92 3239 30.79
Oyster Extract — — 5.0
Choline Bitartrate 0.192 003 " —
L-Methionine 0414 0.09 * —
kcal 378 519 510

Negative control group (NC), Positive control group (PC), Oyster
extract group (OE)
*Contained in 5 g oyster extract.
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Table 2 Primers used for RT-qPCR

mRNA Forward primer Reverse primer

Tnf 5'-ctg tag ccc acg tcg tag c-3’ 5'-ttg aga tcc atg ccg ttg-3’
Tgfbl 5'-tgg agc aac atg tgg aac tc-3’ 5'-gtc agc agc cgg tta cca-3’
Smad3 5'-tcc gta tga gct tcg tca aa-3’ 5'-ggt gct ggt cac tgt ctg tc-3'
Smad7 5'-ccc aat gga tttt ctc aaa cc-3’ 5'-ggg cca gat aat tcg ttc -3’
Acta2 5'-gga gaa gcc cag cca gtc-3' 5-agc atc atc acc agc gaa g-3'
Collal 5'-cat gtt cag ctt tgt gga cct-3’ 5'-gca gct gac ttc agg gat gt-3'
Col3al 5'-tcc cct gga atc tgt gaa tc-3' 5'-tga gtc gaa ttg ggg aga at-3’
Col4al 5'-tta aag gac tcc agg gac cac-3’ 5'-cccact gag cct gtc aca ¢-3'
Ctgf 5'-tga cct gga gga aaa cat taa ga-3’ 5'-agc cct gta tgt ctt cacact g-3'
Timp1 5'-gca aag agc ttt ctc aaa gac c-3’ 5'-agg gat aga taa aca ggg aaa cac t-3’
Gapdh 5'-agc ttg tca tca acg gga ag-3'’ 5'-ttt gat gtt agt ggg gtc tcg-3'

gDNA Eraser (# 71954 4+ #0) #HVTER L, &
14T FEBURNMT 1Z LightCycler® Nano system (Roche, Inc)
B & U FastStart Essential DNA Green Master (Roche,
Inc) MW CTHrE % =K PCR (RT-gPCR) TiT-o 72,
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Table 3 Physiological characteristics of each group

Groups
NC PC OE

Body weight (g)
Initial 216 * 1.0 b21.7 +1.0 215 *+ 08

a
Final 267 =10 226 £12 275 *22

b
Liver/body weight (%) 332 + 016 ° 488 + 038 351 =024 °
Food intake )

a a
(g/day) 342 % 028 195 £015° 224 £020,

C a

(kcal/day) 129 =+ 1.1 94 *+08 114 £10

Data are shown as mean * SD values. (n = 8) Means not shar-
ing a common superscript differ significantly. (P < 0.05)
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Fig. 2 Serum biomarker levels of each group
AST: aspartate aminotransferase, ALT: alanine amino-
transaminase, TC: total cholesterol, TG: triglycerides.
Data are shown as mean + SD values. (n = 8) * P < 0.05
vs. NC, # P < 0.05 vs. PC.
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Fig. 3 Steatosis and oxidative stress in the livers of mice fed the SD, CDAHFD, or CDAHFD plus OE
(A) Total Lipid, TG: triglycerides, (B) TBARS : thiobarbituric acid-reactive substances. MDA : malondialdehyde. Data are
shown as mean * SD values. (n = 8) * P < 0.05 vs. NC, # P < 0.05 vs. PC.

(A)
4
1 €233329) €129
o 3 (@) €119
c
o 4
N
w2
(%]
o |
©
81— €3)
o)
1 €1119)
0
NC pPC OE
(B)
4
1 [€113) €129
@ 3+ @ am
s |
N
@ 2
wv
o |
o
T 1 €119
[Va]
1 €119} @)
0
NC PC OE
Fig. 4 Representative histopathological liver findings of each © 4
group
(A), (B), (C) Hematoxylin and eosin (H&E), . [€13339)
(D), (E), (F) Oil Red O. D 3 @) O
The lens magnification is shown on the lower right of s | O
the photo. = 2
. s L
G : Glisson’s capsule 2
cv : central vein 2 O O
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Fig. 5 Histopathological evaluation of steatohepatitis in each
group
(A) Zone 1: lobule, peripheral zone, (B) Zone 2: lobule, in-
termediate zone, (C) Zone 3: lobule, central zone. The
histopathological scores were based on the criteria out-
lined in the Materials and Methods section. (n = 8)
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Fig. 6 Histopathological and hematological evaluations of inflammation in each group
(A) Histopathological evaluation. The histopathological scores were obtained according to the criteria outlined in the Materials
and Methods section. (n = 8) (B) The animals’ hematological status was evaluated by measuring their serum MCP-1 levels.
Data are shown as mean = SD values. (n = 8) * P < 0.05 vs. NC, # P < 0.05 vs. PC.

Table 4 Effect of a CDAHFD and treatment with oyster extract on liver
mRNA levels of genes related to inflammation and fibrosis

Groups

MRNA NC PC OF

Tnf 100 + 74 209 + 134 107 + 106
Tgfb1 100 = 19 182+ 41° 13 % 34°
Smad3 100 + 31 79 + 33 92 + 28
Smad7 100 + 18 7+ 12 103 = 26
Acta2 100 = 56 47+ 63° 125+ 55°
Collal 100 + 47° 1300 £ 599 ° 200 149 °
Col3al 100 + 27° 437 +19%° 120+ 94°
Col4ar 100 + 13° 29+ 80° 156 + 53°
Ctgf 100 + 63° 855 + 401" 240 + 109°
Timp1 100+ 92° 513+ 2520 317 + 2347

Expression levels were normalized to Gapdh expression, and expression levels in
the NC group were set to 100. Data are shown as mean * SD values. (n = 8) Means
not sharing a common superscript differ significantly. (P < 0.05)
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