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Abstract

Purpose: The edible mushroom Echigoshirayukidake (Basidiomycetes-X: BX) is rich in -glucan, and BX extracts have
antioxidant and immunostimulatory effects. This study examined the preventive effect of BX on the onset of metabolic
syndrome in rats fed a High-Fat High-Sugar (HFHS) diet supplemented with BX.

Methods: In Experiment 1, male Wistar rats were divided into 3 groups: Control (reared on a standard diet), HFHS (HFHS
diet) and HFHS+BX (HFHS feed supplemented with 5% BX dry powder). In Experiment 2, rats were divided into 5 groups:
Control, HFHS, HFHS+BX-T (5% BX dry powder), HFHS+BX-E (5% BX water extract) and HFHS+BX-R (5% BX extract
residue) (n=9-10 each). After 15 weeks on the respective diets, visceral fat, liver tissue and biochemical parameters in blood
were examined. A glucose tolerance test (GTT) was also performed.

Results: The HFHS group showed body weight gain; visceral fat accumulation; elevated blood AST, ALT and LDH levels;
and histological findings of fatty liver. The HFHS+BX group showed suppressed body weight gain; visceral fat accumulation;
decreased blood AST, ALT, LDH, TC and LDL-C levels; and mild fatty liver. There was also a drop in blood glucose levels in
the HFHS+BX-T group 15 to 20 minutes following GTT. The improvement in visceral fat accumulation was most notable in
the HFHS+BX-E group among the BX-supplemented groups.

Conclusion: Intake of BX-E extract has preventive effects on visceral fat accumulation (metabolic syndrome) and fatty liver

induced by an HFHS diet, suggesting that BX-E extract may be a useful functional food component.
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Introduction

Metabolic syndrome causes postprandial hyperglycemia
due to increased insulin resistance. This pathological
condition is also thought to increase the risk of
cerebrocardiovascular events. The increasing morbidity
due to this condition in recent years has focused attention
on a number of functional foods. Among mushrooms, the
shiitake mushroom (Lentinula edodes) contains a functional
component called eritadenine, which has cholesterol-lowering
effects. Kawariharatake (Agaricussubrufescens) is rich in
y-aminobutyric acid (GABA), which is thought to improve
hypertension. Echigoshirayukidake (Basidiomycetes-X:
BX) is a newly discovered type of edible mushroom found
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in Uonuma, Niigata Prefecture, that is characterized by
its atypical mushroom shape '*?. While the carbohydrate,
protein and dietary fiber content of BX is similar to that of
other mushrooms, it is distinguished by its high (-glucan
content. BX is known to have functional properties, including
antioxidant effects characterized by high levels hydroxy
radical-scavenging activity, beneficial effects on skin in
patients with atopic dermatitis, and immunostimulatory
effects 2.

In this study, we examined the preventive effect of BX
on the onset of metabolic syndrome in rats fed a High-Fat
High-Sugar (HFHS) diet supplemented with BX.
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Methods
Experiment 1

Male Wistar rats (4 weeks old) were used. The rats were
divided into the following three groups: (i) Control animals
were fed an AIN-93M standard diet (n = 10); (ii) HFHS (n
=10) animals were fed an HFHS diet; and (iii) HFHS+BX
animals were fed HFHS feed supplemented with 5% BX dry
powder (n =9).

The flow of Experiment 1 is shown in Fig. 1. After a
2-week habituation period, each group was placed on their
respective diet. The amount of food consumed was measured
daily, and body weight was measured once a week for 100
days. Caloric intake in the control and HFHS+BX groups
was adjusted such that consumption was equal to that of the
HFHS group. Subsequently, a glucose tolerance test (GTT)
and insulin tolerance test (ITT) were performed to examine
the effect of BX on insulin resistance (Fig.2). Rats were
intravenously administered 0.833 g/kg glucose for GTT and
0.5 TU/kg insulin for ITT, and a catheter was subsequently
inserted into the jugular vein for blood collection over 4
hours. Blood plasma glucose, free fatty acid (FFA) and
triglycerides (TG) were measured. After a 2-week recovery

Experiment #1
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period, the rats were sacrificed and dissected. Visceral fat
(mesenteric, perirenal and epididymal fat) and liver samples
were weighed, and histological examination, measurement
of fat content and blood tests were performed. Liver fat
content, TG and total cholesterol (TC) levels were measured
after tissue homogenization. Fasting plasma glucose (FPG),
insulin, FFA, TG, TC, low-density lipoprotein-cholesterols
(LDL-C) and high-density lipoprotein-cholesterol (HDL-C)
levels were measured from plasma.

Experiment 2

Experiment 2 was conducted to determine which fraction
contained the functional components of BX, and whether
there was a difference in effect by fraction (Fig.1). Wistar
male rats (5 weeks old) were used for these experiments. The
rats were habituated for 1 week, during which time they were
divided into the following 5 groups: (i) Control rats were
reared on a standard diet (modified AIN 93-M) (n = 10);
(i) HFHS rats were reared on an HFHS diet (n=10); (iii)
HFHS+BX-T rats were reared on HFHS feed supplemented
with BX dry powder (BX-T) (n = 10); (iv) HFHS+BX-E
rats were reared on HFHS feed supplemented with BX water

*Feed intake check (daily) Jugular vein
Start (4 weeks old) -Weight check (weekly) cannulation
N2 J -
Anatomical tests
. . =Visceral fat deposit
Habituation Test (100 days) Recovery |:'> -Organ weight
- Liver tissue sampling
2 weeks T 2 weeks
GTT/ITT test Blood tests
0.833 g/kg glucose i.v. or |:> *Blood chemistry
0.5 IU/kg insulin i.v. *FPG-TG*FAA
Measurement for 0—4 hours *Insulin

Experiment #2

*Feed intake check (daily)

Anatomical tests
Blood tests

=

Start (5 weeks old) =Weight check (weekly)
J *Feces output (daily)
Habituation Test (15 weeks)
1 week

Fig. 1. Experimental design for Experiment 1 and 2.

GTT, glucose tolerance test; ITT, insulin tolerance test; FPG, fasting plasma glucose; TG, triglyceride; FAA, free fatty acid; i

intravenous.

=
=
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extract dry powder (BX-E) (n=10); and (v) HFHS+BX-R
rats were reared on HFHS feed supplemented with BX water
extract residue powder (BX-R) (n = 10).

Table 1 shows the component analysis results for BX-
T, BX-E and BX-R. All supplements were added until they
comprised 5% of the feed. The rats were fed their respective
diets for 15 weeks after habituation, during which time
the amount of food consumed was measured daily, body
weight was measured once a week, and fecal lipid output

was measured once. Fecal lipid output was measured by
weighing the dry weight after collecting and drying all feces
produced by each rat daily across the 15 weeks. TC and TG
content in the feces was also measured. Rats were sacrificed
and dissected after rearing for 15 weeks. Visceral fat weight
and liver fat content were measured, and liver histological
examination and biochemical examination of blood were
performed as described for Experiment 1.

(Glucose Tolerance Test) 0.833 g/kg glucose i.v.
(Insulin Tolerance Test) 0.5 IU/kg insulin i.v.

Blood examination
(0, 1,5, 10, 15, 20, 30, 40, 50, 60, 80, 100, 120, 150, 180, 210,
240 min)

l Plasma separation

Measurement of glucose = TG - FFA

Fig. 2. Experimental design for GTT and ITT.

GTT, glucose tolerance test; ITT, insulin tolerance test; TG, triglyceride; FAA, free fatty acid; i.v., intravenous.

Component (per 100 g)

Energy (kcal)
Water (g)
Protein (g)

Fat ()
Carbohydrate (g)
Dietary fiber (g)
Ash (g)

Na (mg)

BX-T BX-E BX-R
179 372 311
8.2 0.8 0.4
16.0 4.7 21.0
1.9 0.2 1.9
36.7 86.5 30.9
32.7 2.9 43.3
4.5 4.9 2.5
10.1 12.0 4.0

BX-T, 5% BX dry powder; BX-E, 5% BX water extract; BX-R, 5% BX extract residue; BX, Basidiomycetes-X.

- 200 -



Results

Experiment 1

Measurement of the daily and total amount of food
consumed showed that the HFHS groups (HFHS and
HFHS+BX groups) consumed less food than the control
group (Fig. 3). The change in body weight gain was greater
in the HFHS group than in the control group (Fig.4).
Comparison of HFHS and HFHS+BX groups showed that
body weight gain was significantly lower in the HFHS+BX
group from 11 to 20 weeks (p<0.01), even though the two
groups consumed a similar amount of food.

Comparison of the change in visceral fat weight revealed
significantly higher levels of mesenteric, perirenal and
epididymal fat in the HFSH group compared to the control
group. Comparison of the HFHS and HFHS+BX groups
showed that fat accumulation was significantly lower in the
HFHS+BX group (Fig.5).

Comparison between the HFHS and HFHS+BX groups
showed that liver weight and liver fat content, and total fat,
TG, and TC in liver tissue were all significantly lower in the
HFHS+BX group (Fig. 6).

Blood chemistry analysis (Fig.7) demonstrated that
aspartate transaminase (AST), alanine aminotransferase
(ALT), and lactate dehydrogenase (LDH) were significantly
elevated in the HFHS group compared to the control group.
In contrast, these levels were significantly lower in the
HFHS+BX group than in the HFHS group, decreasing to
levels similar to those in the control group. In glycolipid
metabolism, there was no significant difference in FPG,
insulin, FFA or TG among the 3 groups. However, comparison
of the HFHS and HFHS+BX groups showed that TC and
LDL-C levels in the HFHS+BX group were significantly
decreased compared to those in the HFHS group. There were
no significant differences in HDL-C levels.

Changes in blood glucose, TG and FFA were also
measured following the GTT and ITT (Fig.8-10). B lood
glucose levels at 15 to 20 minutes following the GTT were
significantly lower in the HFHS+BX group than the HFHS
group. There were no significant differences in TG or
FFA among the 3 groups. Further, there were no significant
differences in post-ITT blood glucose, TG or FFA among
the 3 groups.

Experiment 2

Measurement of the amount of food consumed showed
that the 4 groups that received the HFHS diet consumed 15%
less food than the control group (Fig. 11). Despite this, total
caloric intake was 8,000 kcal per animal in all groups, and
there were no significant differences among the 5 groups.
Body weight was lower in the groups that received BX
(HFHS+BX-T, HFHS+BX-E and HFHS+BX-R groups) than
in the HFHS group, and body weight was significantly lower
in the HFHS+BX-E group (Fig.12).

The increase in visceral fat weight that occurred
following consumption of the HFHS diet tended to decrease
with administration of BX. In particular, perirenal fat weight
was significantly lower in the HFHS+BX-E than the HFHS
group (Fig. 13).

The results of feces lipid output measurements are shown
in Fig.14. There were no significant differences in the amount
of feces excreted or fecal lipid output among the 5 groups.

Glycative Stress Research

Fecal TG output was significantly higher in the HFHS+BX-R
group than the HFHS group. Fecal TC output was
significantly lower in the HFHS+BX-T and HFHS+BX-R
groups than the HFHS group.

Histological images of the liver are shown in Fig. 15.
In the control group, the liver tissue comprised normal
hepatocytes with clearly distinguishable hepatocyte cords
and sinusoids. In the HFHS group, there was significant
accumulation of fat in hepatocytes, indistinguishable
hepatocyte cords and signs of fatty liver. In contrast, in
the HFHS+BX-T and HFHS+BX-R groups, there was
moderate accumulation of lipid droplets in hepatocytes
and mild structural disturbance to hepatocyte cords. In the
HFHS+BX-E group, there was significant accumulation of
lipid droplets in hepatocytes, while the structure of hepatocyte
cords was mostly maintained.

Total fat levels in the liver are shown in Fig. 16. Total fat,
TG, and TC levels in liver tissue were all significantly lower
in the HFHS+BX-E group than the HFHS group.

Blood biochemistry analysis (Fig. 17) showed that
there were no significant differences in FPG, TG, or FFA
levels among the 5 groups. Further, there were no significant
differences in AST or SLT between the HFHS group and BX-
supplemented groups (HFHS+BX-T group, HFHS+BX-E
group, HFHS+BX-R group).

Discussion

In Experiment 1, rats fed an HFHS diet showed body
weight gain; visceral fat accumulation; increased levels
of fat in liver tissue; elevated levels of AST, ALT and
LDH; histological findings of fatty liver; and increased
fecal TC output. Compared to the HFHS group, the group
that received HFHS feed supplemented with BX extract
showed suppression of body weight gain and visceral fat
accumulation; a reduction in elevated levels of fat in liver
tissue; lower blood AST, ALT, LDH, TC and LDL-C levels;
lower lood glucose level at 15 to 20 minutes following
GTT, and improved histological signs of fatty liver. These
results suggest that BX has a preventive effect on the onset
of HFHS-induced metabolic syndrome and fatty liver.

In Experiment 2, the effects of BX-T, BX-E and
BX-R were compared. BX-E was observed to have
the most notable effect on suppressing body weight
gain and perirenal fat accumulation, reducing elevated
levels of fat in liver tissue (total lipid, TC and TG), and
reducing the severity of histological findings of fatty
liver. These results suggest that BX-E, a dry powder
form of BX extract, was most effective. Given that none
of the effects of BX-E were observed with BX-R, a dry
powder form of the extract residue, we speculate that the
functional components of BX are present in the extract.

Although the functional components in BX are currently
unknown, the various physiological effects of BX shown in this
study suggest that BX contains various functional components.

(1) Effect on animal fat dependence

Recent studies have found that, due to high-fat diets, signs
of endoplasmic reticulum stress can be observed in neurons in
the reward system linked to hypothalamic metabolism, leading
to animal fat dependence, an increase in preference for fat
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intake, and consequently resulting in the neglect of exercise
and an increase in fat accumulation**. y-Oryzanol is a known
functional component of rice germ that alleviates endoplasmic
reticulum stress and attenuates dependence on animal fat* 3.
In the present study, the HFHS+BX group showed slightly
lower food intake than the HFHS group (Fig. 3-a). However, it
was difficult to determine whether this was due to a reduction
in appetite. Further studies are needed to examine whether BX
extract is useful for alleviating animal fat dependence.

(2) Improvement effect on insulin resistance

Given that the HFHS+BX group showed lower
blood glucose levels at 15 to 20 minutes following GTT
compared to the HFHS group (Fig. 8-a), we predict that
BX improved the effects of insulin. Because there were no
significant changes in blood insulin levels or FPG, and the
reduced glucose levels were observed in the early period,
we speculate that the ability of pancreatic 3 cells to secrete
insulin improved in response to hyperglycemia. Factors that
affect insulin secretion include (1) involvement of incretin
(increased GLP-1 and GIP secretion)®?®, (2) involvement
of dopamine type 2 receptors in pancreatic 3 cells *19, (3)
reduction in endoplasmic reticulum stress in pancreatic /3
cells >, and (4) involvement of short-chain fatty acid
receptors (GPR41/GPR43) ' The effect of BX extract on
the ability of pancreatic 3 cells to secrete insulin should be
examined in future studies.

(3) Effect on gut microbiota

High-fat diets also have an effect on the gut microbiota
1416 Tn rats, high-fat diets have been shown to lead to an
increase in lactic acid bacteria of the genus Lactobacillus,
bacteria of the genus Clostridium coccoides (named Blautia
coccoides from 2008 onward) and Bacteroides, a decrease
in the genus Prevotella, and an increase in the genus
Clostridium leptum'”. These changes in the gut microbiota
are expected to reduce the production of short-chain fatty
acids in the intestinal tract. These changes are alleviated by
intake of astaxanthin, an antioxidant with a low absorption
rate, with 95% or more of the compound remaining in the
intestinal tract to exhibit antioxidant functions. Astaxanthin
may therefore also have a positive effect on gut microbiota.
Similarly, while human type 2 diabetes patients show almost
no change in their total enterobacteria count, they exhibit
a significant increase in bacteria of the genus Clostridium
coccoides, Clostridium leptumgenus and Lactobacillus of
the phylum Firmicutes, and a significant decrease in the
genus Prevotella. They also exhibit lower levels of short-
chain fatty acids in feces'®. Short-chain fatty acids bind to
GPR41/GPR43 on pancreatic  cells as a ligand to promote
the secretion of insulin. Additionally, short-chain fatty acid
receptors mediate effects such as elevated body temperature,
heart rate, and basal metabolism, which act in a concerted
manner to prevent weight gain and metabolic syndrome. The
effect of BX extract on gut microbiota should be examined
in future studies.

(4) Effect on brown fat

Two types of thermogenic fat cells, brown and beige
adipocytes, play an important role in controlling systemic
energy metabolism. When a warm-blooded animal is
exposed to the cold, its sympathetic nerves are activated,
and brown adipocytes induce rapid thermogenesis. At

the same time, the expression of genes involved in fat
burning and thermogenesis is rapidly induced, maximizing
the thermogenic ability. As a result, metabolic disorders
such as type 2 diabetes can improve in the absence of any
improvement in insulin secretion '*-2?.

Recent studies have reported that factors such as a cold
environment induce the production of beige adipocytes. This
phenomenon is called "beiging" of white adipose tissue and is
an important mechanism for adaptation to long-term exposure
to cold environments ?". Induction of the production of beige
adipocytes is expected to lead to suppression of obesity and
improvement in systemic glucose and lipid metabolism??.
PRDM16, a transcription coregulator, and EHMT1, a histone
modifier, play significant roles in the generation of brown and
beige adipocytes ??. In addition to thermogenesis-mediated
effects, brown and beige adipocytes are thought to be directly
involved in insulin resistance >¥.

In the present study, visceral fat (white fat) was
significantly reduced when HFHS feed was supplemented
with BX extract, suggesting that the functional component
in BX may have an effect on the whitening and browning of
adipocytes. Whether BX extract increases levels of brown and
beige adipocytes should be determined in future studies.

(5) Lipid output in feces

Lipid output in feces was examined in Experiment 2.
We found that there were no significant differences in fecal
output, TG, TC or total fat in feces between the HFHS and
HFHS+BX groups (Fig. 14), suggesting that BX extract may
not increase lipid output in feces. However, it was not possible
to determine why the fecal TG output was significantly
higher in the HFHS+BX-R group than the HFHS group (Fig.
14c), or why the fecal TC output was significantly lower in
the HFHS+BX-T and HFHS+BX-R groups than the HFHS
group (Fig.14d). Given that BX-R does not contain BX
extract, we hypothesize that these findings are not related to
the functional components of BX extract.

Conclusion

Animal experiments showed that intake of the dry powder
form of Echigoshirayukidake extract has a preventive effect
on visceral fat accumulation (metabolic syndrome) and fatty
liver induced by an HFHS diet. This study suggests that BX
may be useful as a functional food for preventing metabolic
syndrome and fatty liver, particularly given that humans have
long consumed BX as a food product and BX has been proven
to be a safe food item.
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Fig. 3. Food consumption.

a) Daily food consumption and b) total food consumption throughout the experiment. Control, n = 10; HFHS, high-fat high-
sugar, n = 10; HFHS+BX, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 9; BX, Basidiomycetes-X.
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Fig. 4. Body weight.

a) Change in body weight. Results are expressed as mean + SEM. b) Body weight at the end of the experiment. Results
are expressed as mean + SD; **p < 0.01 by the Tukey-Kramer test. Control, n = 10; HFHS, high-fat high-sugar, n = 10;
HFHS+BX, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 9; BX, Basidiomycetes-X; SD, standard
deviation; SEM, standard error mean.
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Weight of a) mesenteric fat, b) perirenal fat, ¢) epididymal fat, and d) visceral fat. Visceral fat refers to total
fat comprising mesenteric, perirenal and epididymal fat. Results are expressed as mean + SD; *p < 0.05, **p
< 0.01 by the Tukey-Kramer test. Control, n = 8; HFHS, high-fat high-sugar, n = 9; HFHS+BX, high-fat high-
sugar feed supplemented with 5% BX dry powder, n = 6; BX, Basidiomycetes-X; SD, standard deviation.
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Fig. 6. Fat in liver tissue.

a) Liver weight, b) total fat, ¢) TG and d) TC levels. Total fat refers to the sum of TG and TC. Results are
expressed as mean + SD; *p < 0.05, **p < 0.01 by the Tukey-Kramer test. Control, n = 8; HFHS, high-fat
high-sugar, n = 9; HFHS+BX, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 6; TG,
triglyceride; TC, total cholesterol; BX, Basidiomycetes-X; SD, standard deviation.
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SD; *p < 0.05, **p < 0.01 by the Tukey-Kramer test. Control, n = 8; HFHS, high-fat high-sugar, n = 9; HFHS+BX, high-fat high-sugar feed
supplemented with 5% BX dry powder, n = 6; AST, aspartate transaminase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase;
FPG, fasting plasma glucose; FFA, free fatty acid; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol;
HDL-C, high-density lipoprotein-cholesterol; BX, Basidiomycetes-X; SD, standard deviation.
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Fig. 8. Glucose in GTT and ITT.

a) Change in plasma glucose in GTT, b) the iAUC, and c¢) change in plasma glucose in ITT. Results are expressed as mean
+ SEM; **p < 0.01 by Student’s t test vs HFHS. Control, n = 4; HFHS, high-fat high-sugar, n = 4; HFHS+BX, high-fat high-
sugar feed supplemented with 5% BX dry powder, n = 4; GTT, glucose tolerance test; ITT, insulin tolerance test; iAUC,
incremental area under the curve; BX, Basidiomycetes-X; SEM, standard error mean.
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Fig. 9. FFA in GTT and ITT.

Changes in plasma FFA in a) GTT and b) ITT. Results are expressed as mean = SEM. Control, n = 4; HFHS, high-fat high-
sugar, n = 4; HFHS+BX, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 4; GTT, glucose tolerance test;
ITT, insulin tolerance test; BX, Basidiomycetes-X; SEM, standard error mean.
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Fig.10. TG in GTT and ITT.

Changes in plasma TG in a) GTT and b) ITT. Results are expressed as mean + SEM. Control, n = 4; HFHS, high-fat high-
sugar, n = 4; HFHS+BX, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 4; GTT, glucose tolerance test;
ITT, insulin tolerance test; BX, Basidiomycetes-X; SEM, standard error mean.
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Fig.11. Food and energy intake.

a) Food intake and b) energy intake during the experiment. Control, n = 10; HFHS, high-fat high-sugar, n = 10; HFHS+BX-T,
high-fat high-sugar feed supplemented with 5% BX dry powder, n = 10; HFHS+BX-E, high-fat high-sugar feed supplemented
with 5% BX water extract, n = 10; HFHS+BX-R, high-fat high-sugar feed supplemented with 5% BX extract residue, n = 8.
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Fig. 12. Body weight.

a) Change in body weight and b) body weight at the end of the experiment. Control, n = 10; HFHS, high-fat high-sugar, n =
10; HFHS+BX-T, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 10; HFHS+BX-E, high-fat high-sugar
feed supplemented with 5% BX water extract, n = 10; HFHS+BX-R, high-fat high-sugar feed supplemented with 5% BX
extract residue, n = 8. Results are expressed as mean = SEM; *p < 0.05 by the Tukey-Kramer test. SEM, standard error mean.
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Fig.13. Visceral fat.

Weight of a) mesenteric fat, b) perirenal fat, ¢) epididymal fat and d) visceral fat. Visceral fat refers to total fat comprising
mesenteric, perirenal and epididymal fat. Control, n = 10; HFHS, high-fat high-sugar, n = 10; HFHS+BX-T, high-fat high-
sugar feed supplemented with 5% BX dry powder, n = 10; HFHS+BX-E, high-fat high-sugar feed supplemented with 5% BX
water extract, n = 10; HFHS+BX-R, high-fat high-sugar feed supplemented with 5% BX extract residue, n = 8. Results are
expressed as mean + SEM; *p < 0.05, **p < 0.01 by the Tukey-Kramer test. SEM, standard error mean.
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Fig.14. Feces lipid output.
a) Feces output, b) fecal lipid output, ¢) fecal TG output, and d) fecal TC output. Control, n = 10; HFHS, high-fat high-sugar,
n = 10; HFHS+BX-T, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 10; HFHS+BX-E, high-fat high-
sugar feed supplemented with 5% BX water extract, n = 10; HFHS+BX-R, high-fat high-sugar feed supplemented with 5%
BX extract residue, n = 8. Results are expressed as mean + SEM; **p < 0.01 by the Tukey-Kramer test. TG, triglyceride; TC,
total cholesterol; SEM, standard error mean.
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Fig.15. Liver histology.

a) Control, b) HFHS, ¢) HFHS+BX-T, d) HFHS+BX-E, and e) HFHS+BX-R. Scale bars indicate 100 pm. Hematoxylin
and eosin stain. HFHS, high-fat high-sugar; HFHS+BX-T, high-fat high-sugar feed supplemented with 5% BX dry powder;
HFHS+BX-E, high-fat high-sugar feed supplemented with 5% BX water extract; HFHS+BX-R, high-fat high-sugar feed

supplemented with 5% BX extract residue.
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Fig.16. Fat in liver tissue.

a) Total fat, b) TG, and c¢) TC levels. Total fat refers to the sum of TG and TC. Control, n = 10; HFHS, high-fat high-sugar, n = 10;
HFHS+BX-T, high-fat high-sugar feed supplemented with 5% BX dry powder, n = 10; HFHS+BX-E, high-fat high-sugar feed supplemented
with 5% BX water extract, n = 10; HFHS+BX-R, high-fat high-sugar feed supplemented with 5% BX extract residue, n = 8. Results are
expressed as mean + SEM; *p < 0.05, **p < 0.01 by the Tukey-Kramer test vs HFHS. SEM, standard error mean.
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Fig.17. Blood chemistry.

a) AST, b) ALT, c¢) FPG, d) TG, and e) FFA. Control, n = 10; HFHS, high-fat high-sugar, n = 10; HFHS+BX-T, high-fat high-sugar feed
supplemented with 5% BX dry powder, n = 10; HFHS+BX-E, high-fat high-sugar feed supplemented with 5% BX water extract, n = 10;
HFHS+BX-R, high-fat high-sugar feed supplemented with 5% BX extract residue, n = 8. Results are expressed as mean = SEM; *p < 0.05,
*#*p < 0.01 by the Tukey-Kramer test vs HFHS. AST, aspartate transaminase; ALT, alanine aminotransferase; FPG, fasting plasma glucose;
TG, triglyceride; FFA, free fatty acid; SEM, standard error mean.
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