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Impact statement

Excessive alcohol consumption is associ-
ated with serious pathologies and is
common in much of the world. Pathologies
include liver damage, glucose intolerance,
and loss of lean body mass and bone
mass. These pathologies are mediated by
changes in metabolism as well as toxic
metabolic byproducts, and possibly by gut
dysbiosis. In this study, we demonstrate
that aqueous extracts of mulberry and
dandelion protected rats against ethanol-
induced losses in lean body and bone
masses, improved glucose tolerance and
partially normalized gut bacterial popula-
tions, with mulberry extract being generally
more effective. This research suggests that
mulberry and dandelion extracts may have
the potential to improve some of the
pathologies associated with excess alco-
hol consumption, and that further clinical
research is warranted.

Abstract

Chronic alcohol intake causes hepatic steatosis and changes the body composition and
glucose metabolism. We examined whether water extracts of mulberry (WMB) and white
flower dandelion (Taraxacum coreanum Nakai, WTC) can prevent and/or delay the symp-
toms of chronic ethanol-induced hepatic steatosis in male Sprague Dawley rats, and
explored the mechanisms. Ethanol degradation was examined by orally administering
3 g ethanol/kg bw after giving them 0.3 g/kg bw WMB or WTC. All rats were continuously
provided about 7 g ethanol/kg bw/day for four weeks and were given either of 0.1% dextrin
(control), WMB, WTC, or water extracts of Hovenia dulcis Thunb fruit (positive-control) in
high-fat diets. Area under the curve of serum ethanol levels was lowered in descending
order of control, WTC and positive-control, and WMB in acute ethanol challenge. WMB and
WTC prevented alcohol intake-related decrease in bone mineral density and lean body
mass compared to the control. After glucose challenge, serum glucose levels increased
more in the control group than other groups in the first part and the rate of decrease after
40min was similar among all groups. These changes were associated with decreasing
serum insulin levels. WMB had the greatest efficacy for decreasing triglyceride and increas-
ing glycogen deposits. WMB and WTC prevented the disruption of the hepatic cells and

nuclei while reducing malondialdehyde contents in rats fed alcohol, but the prevention was not as much as the normal-control.
The ratio of Firmicutes to Bacteroidetes in the gut was much higher in the control than the normal-control, but WTC and WMB
decreased the ratio compared to the control. WMB and WTC separated the gut microbiota community from the control. In
conclusion, WMB and WTC protected against alcoholic liver steatosis by accelerating ethanol degradation and also improved
body composition and glucose metabolism while alleviating the dysbiosis of gut microbiome by chronic alcohol intake.
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Introduction

especially liver diseases, with a diverse spectrum from stea-

The World Health Organization reported in 2010 that
people in cold regions, such as Russia, drank more high-
alcohol content liquors, although ethanol consumption
varied among persons.' Koreans drink less ethanol (about
15.1 L/year) than Russians. However, individual drinking
by Korean drinkers is reported to be about 27.5 L/year,
since 55% of people do not drink at all." Excessive alcohol
consumption leads to various metabolic diseases and
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tosis to hepatitis, fibrosis, and cirrhosis.? In addition to alco-
holic liver steatosis, a high-fat diet and obesity result in
non-alcoholic steatosis.> A high-fat diet exacerbates the
liver steatosis caused by excessive alcohol consumption,4
and when people have both increased body fat and high
alcohol intake, they are highly susceptible to liver steatosis.

Ethanol is degraded into acetate through acetaldehyde.
Increased acetate production by the gut microbiome
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activates the parasympathetic nervous system to increase
glucose-stimulated insulin secretion and hyperphagia,
leading to obesity.” Excessive acetate production due to eth-
anol intake may lead to similar conditions to increase the
deposition of fat, which is consistent with the production of
acetate by the microbiome.” Ethanol and acetaldehyde are
toxic substances to the cells and the damage primarily
occurs in hepatic and brain cells through increasing the
production of reactive oxygen species (ROS).® The distur-
bance of the immune system by alcohol consumption is
associated with change in the gut microbiome.” Alcohol
consumption is reported to result in intestinal bacterial dys-
biosis and bacterial overgrowth in the small intestines in
humans and experimental animals.” The change in gut
microbiota alters inflammatory status, and bacterial prod-
ucts such as lipopolysaccharide activate pro-inflammatory
signaling pathways and stimulate an innate immune
response.” Bacterial products are translocated from the
intestines to the liver through the portal vein, and the
liver removes them and is subsequently damaged by
them.® Thus, excessive alcohol consumption induces
liver steatosis.

Alcoholic hepatic steatosis (fatty liver) is induced in an
early stage of liver diseases and the symptoms are revers-
ible. The hepatic steatosis needs to be prevented and alle-
viated in order to prevent its progression to other liver
diseases.” Alcohol abstinence can reverse hepatic steatosis,
but other effective medical therapies are currently not avail-
able. Complementary and alternative medicine has been
studied and some herbal treatments such as Milk Thistle
are used for relieving alcoholic hepatic steatosis by reduc-
ing oxidative stress and inflammation.”'® New herbal ther-
apies to prevent and/or delay the progression of alcoholic
hepatic steatosis with a high-fat diet need to be found.
Herbs containing polyphenols, flavonoids, and anthocya-
nins reduce oxidative stress and lipid deposition, possibly
by alleviating alcoholic liver steatosis. Mulberry (Morus alba
L.) fruits have been reported to have antioxidant, neuro-
protective, antiatherosclerosis, immunomodulatory, antitu-
mor, antihyperglycemic, and hypolipidemic activities."
Previous studies showed that mulberry extracts acutely
expedited ethanol degradation'? and they also attenuate
hepatic steatosis while reducing insulin resistance.”® In
addition, the water extracts of white flower dandelion
(Taraxacum coreanum Nakai) have been reported to alleviate
the symptoms of ethanol-induced gastritis by reducing oxi-
dative stress and inflammation.'* Dandelion extracts are
reported to protect against liver damage by toxic substan-
ces by removing ROS.">'® Thus, mulberry and white flower
dandelion extracts containing flavonoids and anthocyanins
may alleviate the alcoholic liver steatosis. However, the
direct impact of mulberry extracts to protect against alco-
holic liver steatosis and its mechanism has not
been examined.

The hypothesis of the present study was that water
extracts of mulberry and white flower dandelion may pre-
vent and/or delay the symptoms of chronic ethanol-
induced hepatic steatosis in male rats fed a high-fat diet,
which accelerates hepatic steatosis. We tested the
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hypothesis and explored the mechanism of their protection
against ethanol-induced hepatic steatosis.

Materials and methods

Water extract of mulberry and dandelion

Dried mulberry fruits (Worldway Inc., Yeongi, Korea) and
whole plant of white flower dandelion (Gichan
Heenmindeolre Inc., YeongAm, Korea) were separately
homogenized and powdered. The homogenates of mulber-
ry fruits and white flower dandelion were extracted in 5-
fold volumes of water at 60 and 85°C for 2 h, respectively.
Hovenia dulcis Thunb fruits, a major component of commer-
cial hangover products, were also extracted with water at
85°C for 2 h. Each extract was filtered and concentrated up
to 50% using a low-pressure rotary evaporator. Each con-
centrate was freeze-dried to make a powder. The yields of
WMB and WTC were 16.7 and 9.6%, respectively. The con-
tent of total phenolic compounds was measured using
Folin-Ciocalteu reagent, and units were reported as mg
gallic acid equivalents g '."”'® The total flavonoid content
was also assessed using a modified method,”® and was
expressed as mg rutin equivalents g~ .

HPLC was performed using a JASCO liquid chromatog-
raphy instrument (JASCO, Tokyo, Japan) equipped with an
autoinjector and an UV detector. Each extract was analyzed
with a YMC ODS-AM column (4.6 x 250 nm, 5 pm, Waters).
The mobile phase was 0.1% acetic acid aqueous solution
(A) and 0.1% acetic acid in acetonitrile (B). The gradients
used were as follows: Omin, A:B 88:12 (v/v); 18 min, A:B
78:22; 28 min, A:B 72:28; 35min, A:B 62:38;, 48 min, A:B
52:48; 54min, A:B 32:68, 58 min, 0:100 for TCN. The
mobile phase flow rate was 1.0 mL/min under the follow-
ing conditions: column temperature, 35°C; injection
volume, 20 pL; and UV detection at 285 nm. The indicated
compounds were hydroxybenzoic acid, cyanidin-3-
glucoside and rutin for WMB and caffeic acid, chlorogenic
acid, and rutin for WTC. Each indicator compound was
purchased from Sigma (St. Louise, MO, USA) or
ChromaDex (USA).

Animals and experimental design

All experimental procedures were conducted according to
the guidelines of and with the approval of the Animal
Care and Use Review Committee at Hoseo University,
Korea (2013-06). Male Sprague Dawley rats with the
age of seven to eight weeks were purchased from
Daehan Biolink (Eum Sung, Korea) and they were kept
in individual stainless steel cages in a controlled environ-
ment with temperature (22+1°C), humidity (55=+4%),
and a 12-h light/dark cycle. After a one-week acclimation
in the animal facility, the 40 rats were divided into the
following four treatment groups. Each group was provid-
ed with the assigned diets supplemented with either dex-
trin, the water extract of mulberry fruits, whole plant of
white flower dandelion, or Hovenia dulcis Thunb fruits,
and were designated as the control, WMB, WTC, and
positive-control groups, respectively. Additionally, the
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rats in the normal-control group were given the same diet
as the control group.

Acute ethanol metabolism

All rats except those in the normal-control group had oral
intakes of 3 g ethanol/kg bw by oral gavage at 30 min after
the assigned extracts (0.3 g/kg bw) were orally provided.
The amount of ethanol and extracts was equivalent to about
25 and 2.5g for human, respectively, and blood samples
were taken from tail veins at 0.5, 1, 3, and 5 h. The rats
were allowed no additional water or food during the
blood collection. The rats were provided with the diet con-
taining 0.1% assigned extracts after acute ethanol
administration.

Chronic ethanol intake

The next day after acute ethanol treatment, rats were pro-
vided 6% vol/vol ethanol as water. The diet was a semi-
purified, modified AIN-93 formulation for experimental
animals.”’ The diet was made of 40 percent energy (En%)
from carbohydrates, 20 En% from protein, and 40 En% from
fats. The major sources of carbohydrate, protein, and fat
were starch plus sugar, casein (milk protein), and lard (CJ
Co., Seoul, Korea), respectively. Assigned extracts were
mixed with a high-fat diet by 0.1%. The diet and water
containing ethanol were freely consumed for four weeks.
As based on the amount of daily food and water intake, the
consumption of each extract was about 1g/kg body
weight/day (3g/day as a daily human equivalent) and
the ethanol intake was about 7g ethanol/kg body
weight/day.

Y maze tests

At 4 h after ethanol removal during the fourth week, a Y
maze test was conducted to check short-term spatial
memory and to assess the brain damage caused by chronic
ethanol intake.”"*

Body composition

Prior to euthanizing the rats, they were laid in a prone posi-
tion with their hind legs maintained in external rotation
and hip, knee, and ankle articulations in 90° flexion with
tape. The body was scanned by dual-energy X-ray absorp-
tiometry (DEXA) method using an absorptiometer (pDEXA
Sabre; Norland Medical Systems Inc., Fort Atkinson, WI,
USA). The facility was equipped with the appropriate soft-
ware for assessment in small animals. Bone mineral density
(BMD) was measured in the lumbar spine and femur and
lean and fat mass were determined in the abdomen
and leg."®

Metabolic analysis

Body weight, food and water intake, and overnight-fasted
serum glucose levels were measured every Tuesday at 10 a.
m. An oral glucose tolerance test (OGTT) was performed in
overnight fasted rats by oral injection of 2g/kg body
weight of glucose at the fourth week of the experimental

period: serum glucose levels were measured every 10 min
for 90 min and 120 min and serum insulin levels were mea-
sured at 0, 20, 40, 90, and 120 min."® The levels of blood
glucose and insulin levels were determined using a
Glucometer (Accuchek, Roche Diagnostics, Indianapolis,
IN) and radioimmunoassay kit (Linco Research, Billerica,
MA), respectively. Homeostasis model assessment for insu-
lin resistance index (HOMA-IR) was calculated as fasting
serum insulin (pU) x fasting serum glucose (mmol/L)/
22.5. After two days from OGTT, a fasting intraperitoneal
insulin tolerance test (IPITT) was performed by measuring
serum glucose levels every 15 min for 90 min after an intra-
peritoneal injection of 0.75 IU insulin/kg body weight.

After two days from IPITT, overnight fasted rats
were anesthetized with ketamine and xylazine (100 and
10mg/kg body weight, respectively) and blood for serum
was collected by cardiac puncture. Next, human insulin
(5U/kg body weight; Lily) was injected into the inferior
vena cava. After 10min, the liver was collected and
stored at —70°C for further assays. Serum was separated
after centrifugation of the blood. Serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), and y-glutamyl transpeptidase (y-GPT), the markers
for liver damage, were assessed by colorimetric methods
using kits obtained from Asan Pharmaceutical company
(Seoul, Korea). Serum triglyceride levels were measured
by wusing colorimetry kits for triglycerides (Asan
Pharmaceutical, Seoul, Korea).

The livers were homogenized with 1.5 N perchloric acid
and the lysates were treated with a-amyloglucosidase to
hydrolyze glycogen. The hydrolysate was neutralized
with NaOH to pH 7.4 and centrifuged at 3000 r/min for
10min and the glucose concentration measured using a
glucose oxidase kit (Young Dong Pharm., Seoul, Korea).
Liver glycogen was calculated from the glucose concentra-
tions. Triacylglycerol was extracted with chloroform-
methanol (2:1, vol/vol) from the livers and brains and
resuspended in pure chloroform.?! After evaporating chlo-
roform, the residues were suspended with PBS with 0.1%
triton X-100 and the suspension was sonicated and boiled
for 5min. The triacylglycerol contents of the suspensions
were assayed using a Trinder kit (Young Dong Pharm.,
Seoul, Korea). Lipid peroxide levels in the liver and brain
were measured using a thiobarbituric acid reactive sub-
stance (TBARS) assay kit (Cayman Chemical, Ann Arbor,
Michigan, USA).

Histological analysis

At the end of the experiments, the liver samples were taken
and fixed in 10% buffered neutral formaldehyde and
embedded in paraffin wax. Histological sections were
6 pm thick and were stained with hematoxylin and eosin
(H-E) and used to score the liver damage. The liver damage
and glycogen contents were determined in two sections
with random selection from six consecutive sections at
400x magnification. The liver damage was scored by sum-
ming each item such as the nucleus size and shape, cell size
and arrangement, and the number of macrophages. Higher
scores indicated more hepatic cell damage. In addition,



glycogen contents were determined by red color intensity
in periodic acid-Schiff (PAS) staining of the stomach tis-
sues. Lower scores indicated higher glycogen contents.

Next generation sequencing gut microbiome

The gut microbiome composition was measured from feces
by analyzing metagenome sequencing using next-
generation sequencing. Bacterial DNA was extracted from
the samples of each rat using a Power Water DNA Isolation
Kit (MoBio, Carlsbad, CA) according to the manufacturer’s
instructions. Each library was prepared using polymerase
chain reaction (PCR) products according to the GS FLX plus
library prep guide. The emPCR, corresponding to clonal
amplification of the purified library, was carried out using
the GS-FLX plus emPCR Kit (454 Life Sciences, Branford,
CT). Libraries were immobilized onto DNA capture beads.
The library-beads were added to the amplification mix and
oil and the mixture was vigorously shaken on a Tissue
Lyser II (Qiagen, Valencia, CA) to create “micro-reactors”
containing both amplification mix and a single bead.
Emulsion was dispensed into a 96-well plate and the PCR
amplification program was run with 16S universal primers
in the FastStart High Fidelity PCR System (Roche, Basel,
Switzerland) according to the manufacturer’s recommen-
dations. Sequencing of bacterial DNA in the feces was per-
formed by the Macrogen Ltd. (Seoul, Korea) by a Genome
Sequencer FLX plus (454 Life Sciences) as previous-
ly reported.”

Statistical analysis

Statistical analysis was performed using SAS software, and
all results were expressed as meanztstandard deviation.
The variables related to the metabolic changes were com-
pared among control, WMB, WTC, positive-control, and
normal-control by one-way analysis of variance in cell-
based and animal studies. Multiple comparisons among
the groups were conducted by Tukey’s test at P < 0.05.

Results

Total polyphenolic compounds and flavonoids of WMB
and WTC and their bioactive components

The polyphenol and flavonoid contents of WMB and WTC
are shown in Table 1, and were higher in WTC than in
WMB. WMB and WTC had similar contents of rutin
and WTC and WMB were rich in caffeic acid cyaniding
3-glucoside, respectively (Table 1).
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Ethanol metabolism

After acute ethanol challenge (3 g ethanol/kg bw), serum
ethanol levels increased until 180 min and then decreased
in all groups. The levels were much higher in the control
group at 30, 60, 180, and 300 min after ethanol intake. WMB
reduced the levels the most compared to the other groups
(Figure 1(a)). WTC and positive-control showed similar
levels at 30, 60, and 180min, but the levels quickly
decreased in positive-control at 300 min (Figure 1(a)). The
area under the curve of serum ethanol levels was lowered
in descending order of control, WTC, and positive-control
and WMB (Figure 1(b)).

Body composition

Body weight did not differ between the control and normal-
control groups and WMB, WTC, and positive-control also
did not affect body weight (Table 2). However, visceral fat,
the sum of the epididymal fat, and retroperitoneal fat were
much higher in the control group than the normal-control
group (Table 2). WMB lowered the epididymal and
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Figure 1. Serum ethanol concentrations after ethanol administration with water
extracts of mulberry and dandelion. Male rats had oral intakes of 3 g ethanol/kg
bw by oral gavage at 30 min after the assigned extracts (0.3 g/kg bw) were orally
provided. Blood was collected at 30, 60, 190, and 300 min after ethanol
administration without providing additional water and food and serum ethanol
levels were measured by colorimetry method. Changes in serum ethanol con-
centrations (a) and area under the curve of serum ethanol concentrations (b)
were provided.

Table 1. Contents of total phenols and flavonoids and bioactive components in water extracts of mulberry and white flower dandelion.

Total polyphenols Total flavonoids Rutin Chlorogenic acid Caffeic acid
White flower dandelion 99.9+0.7 20.7+0.5 8.81+0.48 1.44 +0.06 12.8 +£0.01
Mulberry 34.4+0.6 243+0.7 8.6 +£0.01 Hydroxybenzoic acid Cyanidin-3-glucoside
3.66+0.18 6.45+0.03

Note: Values represent means=+standard deviation (n = 3). Units: mg/100 g extract.
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Table 2. Body weight, body composition, and glucose metabolism.

Normal-control (n =12) Control (n =12) WMB (n =12) WTC (n=12) Positive-control (n =12)

Body weight (g) 409 + 38 410439 406 + 38 407 +£40 403+ 39
Epididymal fat (g) 4.4+0.5° 6.2+£0.8% 41+0.6° 5.6+0.8° 5.4+0.8°
Retroperitoneal fat (g) 6.4+0.7° 7.9+1.0% 5.240.7° 6.04+0.9° 6.54+0.9°
Visceral fat (g) 10.84+1.2° 14.1+1.82 9.3+1.4° 11.6+1.7° 11.9+1.7°
Food intake (g/day) 15.7+0.9 12.84+1.2 12.3+1.0 13.0£1.0 13.24+1.1
Ethanol intake (g/day) o° 2.8+0.3% 2.9+0.42 3.0+0.42 3.0+0.5%
Calorie intake 741+4.3 772+7.3 75.6+6.1 79.6 +6.1 80.4+7.3
Serum glucose (mg/dL) 90.1+7.2 92.9+6.7 91.2+6.4 85.9+6.5 87.0+7.1
Serum insulin (ng/mL) 1.79+0.20% 1.74+0.18% 1.284+0.13° 1.40+0.14b° 1.47+0.16°
HOMA-IR 9.0+1.0° 9.0+0.9° 6.5+ 0.6° 6.7+0.6° 7.1+0.8°
% of right turns in Y maze test 72.24+6.8% 48.947.5° 56.7 + 6.8° 73.54+5.4% 70.24+6.92

Note: Male rats were provided 6% vol/vol ethanol instead of water and 0.1% dextrin (control), water extract of mulberry (WMB), dandelion (WTC), or Hovenia dulcis
Thunb fruits (positive-control) in high-fat diet for four weeks. Normal-control had no ethanol with a high-fat diet. Values are means + standard deviation. Different
letters on the same row represented significant difference among the groups by Tukey test at P < 0.05.

HOMA-IR: homeostasis model assessment for insulin resistance index.

retroperitoneal fat mass to less than the control group and it
was similar to the normal-control group (Table 2). Food
intake was higher in the normal-control than the control,
but caloric intake, summing food, and ethanol intake in the
normal-control tended to be lower than the control
(Table 2). Food intake and ethanol intakes were not signif-
icantly different among the treatment groups in compari-
son to the control group (Table 2). Thus, the changes in
metabolic parameters were associated with ethanol itself,
and not with the differences in energy intake.

Although body weight was not different among groups,
ethanol intake had a large effect on body composition.
Ethanol intake decreased BMD in the lumbar spine and
femur, and its decrease in the femur was greater than the
lumbar spine (Figure 2(a)). WMB protected against the
decrease of BMD in the lumbar spine and femur,
and WTC prevented the BMD decrease in the femur
(Figure 2(a)). The lean mass in the hip and leg was also
decreased in the control group compared to the normal-
control, but it was restored by WTC the most (Figure 2
(b)). On the contrary, the fat mass in the abdomen was
higher in the control than the normal-control group, and
WTC and WMB protected against abdominal fat accumu-
lation (Figure 2(c)). However, fat mass in the leg was not
different between the control and normal-control groups
and other treatments did not modulate it (Figure 2(c)).
These results suggested that ethanol intake changed the
body composition without changing the body weight.

Glucose metabolism

Serum glucose levels in overnight fasting states were not
significantly different among the groups but serum insulin
levels were lowered in WTC, WMB, and positive-control
groups than the control group (Table 2). However,
HOMA-IR, an index of insulin resistance, was not signifi-
cantly different between the control and normal-control,
but WTC, WMB, and positive-control lowered the index
(Table 2).

After orally giving 2 g glucose/kg body weight, serum
glucose concentrations were elevated and reached the high-
est concentration at 20-30 min earlier than the normal-
control group and then the concentrations decreased, but

not as much as the normal-control (Figure 3(a)). Rats in the
WMB, WTC, and positive-control groups exhibited lower
serum glucose concentrations at 20-30 min, to as much as
those of the normal-control group but the concentrations
did not decrease as fast as the normal-control group
(Figure 3(a)). Area under the curve of serum glucose
levels (AUCG) in the first part (0-40 min) of the control
group was much higher than that of the normal-control
group (Figure 3(b)). AUCG in the second part
(40-120 min) tended to be higher in the control than the
normal-control group, but it was not significantly different
(Figure 3(b)). Other treatments did not differ from the con-
trol. The differences in AUCG were partly associated with
insulin secretion during OGTT. Serum insulin concentra-
tions were much higher in the normal-control than the con-
trol group between 20 and 90 min during OGTT (Figure 3
(c)). WMB treatment increased serum insulin concentra-
tions as much as the normal-control group but not WTC
and positive-control (Figure 3(c)). AUC of serum insulin
concentrations (AUCI) in the first (0-40 min) and second
parts (40-120min) was lower in the control group than
the normal-control and WMB also increased AUCI of the
first and second parts as much as the normal-control group
(Figure 3(d)).

The impairment of insulin secretion might be related to
increased malondialdehyde (MDA) in the pancreas which
increased apoptosis of p-cells (Table 3). The concentrations
of MDA in the control group were higher than those in the
normal-control, and WMB and WTC reduced the concen-
trations. WMB reduced the levels more than WTC and the
positive-control (Table 3).

After the intraperitoneal injection of insulin, serum glu-
cose concentrations decreased more slowly in the the con-
trol group than in the normal-control group than in the
normal-control group in the first part (0-30 min) of the
IPITT, and WMB and positive control groups decreased
serum glucose concentrations as fast as in the normal-
control group (Figure 4(a)). In the second part (30-
90min), AUCG was not significantly different between
the control and normal-control groups, but WIC and
positive-control reduced the AUCG of the second part of
IPITT (Figure 4(b)).
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Figure 2. Bone mineral density (BMD) and lean body mass (LBM). Male rats were provided 6% vol/vol ethanol instead of water and 0.1% dextrin (control), water

extract of mulberry (WMB), dandelion (WTC), or Hovenia dulcis Thunb fruits (positive-control) in high-fat diet for four weeks. Normal-control had no ethanol with a high-
fat diet. At the end of the experimental period, BMD in the lumbar spine and femur (a), LBM in the hip and leg regions (b) and fat mass in the abdomen and leg (c) were
measured by DEXA. Each bar and error bar represents means + SD (n=12). The different letters on the bars represent significant differences among the groups by

Tukey’s test at P<0.05.

Liver damage

Serum ALT and AST levels, indexes of liver damage, were
higher in the control group than the normal-control, and
WMB and WTC lowered the levels (Table 3). The decreases
by WMB and WTC were better than the positive-control
(Table 3). Serum triglyceride levels were higher in control
group than the normal-control group (Table 3). In addition,
the contents of MDA (an index of oxidative stress) in the

liver, brain, and pancreas were much higher in the control
group than the normal-control group (Table 3). WMB pro-
tected against the increase of MDA contents by alcohol, and
was lower than even the normal-control. WTC and
positive-control lowered the contents, but they did not
decrease them as much as normal-control (Table 3).

The H-E staining showed that the liver cells in the con-
trol group had irregular nuclei and cell shapes in
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Figure 3. Serum glucose levels and areas under the curve of glucose and insulin during the oral glucose tolerance test (OGTT). At the fourth week of administration of
6% vol/vol ethanol instead of water and 0.1% dextrin (control), water extracts of mulberry (WMB), dandelion (WTC) or Hovenia dulcis Thunb fruits (positive-control) in
high-fat diet, 2 g of glucose/kg body weight were orally administered at the overnight fasting state. Normal-control had no ethanol with a high-fat diet. The changes in
the serum glucose levels (a) and serum insulin levels (c) were measured during the OGTT. The averages of the areas under the curve (AUC) of glucose (b) and insulin (d)
were calculated for the first part (0-40 min) and second part (40-120 min) of the OGTT. Each dot and bar represents the mean + SD (n=12). *Significantly different
among all groups in one-way ANOVA at P<0.05. The different letters on the bars represent significant differences among the groups by Tukey’s test at P<0.05.

comparison to the normal-control (Figure 5(a)). The cellular
shape and nucleus in the WMB and positive-control exhib-
ited more normal shapes than those of the control. The
WTC-treated group also had greater deterioration of cellu-
lar and nucleus shapes than WMB but its deterioration was
less than the control (Figure 5(a) and (b) ). The control
group has less PAS staining than the normal-control, indi-
cating that glycogen deposition in the control group was
much less than the normal-control group (Figure 5(a) and
(c)). WMB and WTC increased glycogen deposition more
than the control.

The contents of triglyceride and glycogen were reflected
by the histology of the liver staining. The contents of gly-
cogen were higher in the normal-control group than the
control group and were similar to the normal-control
group in the positive-control and WMB groups (Table 3).
WTC also prevented the decreased glycogen compared to
the control, but it was not as much as the normal-control. In
contrast to the glycogen contents, the contents of triglycer-
ide were higher in the control than the normal-control. The
hepatic triglyceride contents were reduced the most in
WMB group (Table 3). The triglyceride contents were also
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Table 3. Cell damage and glycogen and fat accumulation in the liver.

Normal-control (n=12) Control (n=12) WMB (n=12) WTC (n=12) Positive-control (n=12)

Serum ALT (U/L) 13.241.2° 19.242.32 11.5+1.3¢ 11.7+1.3¢ 16.4+1.5°
Serum AST (U/L) 49.1+4.7° 58.345.4% 40.8+4.5° 41.1+4.3° 43.244.6°
Serum triglyceride (mg/dL) 67.7+6.8° 77.8+7.12 69.4+6.5° 75.6+6.32 79.8+7.22
MDA in the liver (n\M) 20.5+1.6° 27.3+1.92 19.5+1.5° 23.6+1.7° 24.441.8°
MDA in the brain (nM) 17.541.4° 21.5+1.92 15.841.5° 18.34+1.7° 19.54+1.6a°
MDA in the pancreas (nM) 21.841.9° 29.542.5% 20.7+1.9° 24.342.5° 25.9+2.6°
Triglyceride in the liver (mg/g tissue) ~ 1.8+0.2° 2.5+0.2% 1.24+0.1° 1.440.1° 1.740.2°
Triglyceride in the brain (mg/g tissue) 0.44-+0.04° 0.54+0.07% 0.41+0.05° 0.53+0.06% 0.524-0.05%
Glycogen in the liver (mg/g tissue) 0.9940.09% 0.84+0.79° 1.05+0.10% 1.014+0.09% 0.96+0.09a°

ALT: alanine aminotransferase; APT: aspartate aminotransferase; MDA: malondialdehyde.

Note: Male rats were provided 6% vol/vol ethanol instead of water and 0.1% dextrin (control), water extract of mulberry (WMB), dandelion (WTC), or Hovenia dulcis
Thunb fruits (positive-control) in high-fat diet for four weeks. Normal-control had no ethanol with a high fat diet. Values are means + standard deviation. Different
letters on the same row represented significant difference among the groups by Tukey test at P < 0.05.
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Figure 4. Changes in the serum glucose levels during an intraperitoneal insulin tolerance test (IPITT).At the fourth week of administration of 6% vol/vol ethanol instead
of water and 0.1% dextrin (control), water extracts of mulberry (WMB), dandelion (WTC) or Hovenia dulcis Thunb fruits (positive-control) in high-fat diet, an IPITT was
conducted by intraperitoneally injecting insulin (1 U/kg body weight) after a 6 h fast. Normal-control had no ethanol with a high-fat diet. The serum glucose levels (a) and
area under the curve of serum glucose levels (b) were measured. Each dot and bar represents the mean + SD (n=12). *Significantly different among all groups in one-
way ANOVA at P<0.05. The different letters on the bars represent significant differences among the groups by Tukey’s test at P<0.05.

decreased in the WTC and positive-control groups, and significantly different by AMOVA (P < 0.001). Alcohol
were similar to the normal-control group. intake altered the bacterial distribution to increase
Firmicutes and to decrease Bacteroidetes compared to the
normal-control. The gut microbiota in the control group
The gut microbiota community was compared among the  was different from that of the normal-control: the ratio of
groups by analysis of molecular variance (AMOVA). The  Firmicutes to Bacteroidetes was much higher in the control
gut bacterial community among the groups was (13.2+4.1) than the normal-control (1.93+£0.42) at the

Gut microbiome
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Figure 5. Hematoxylin-eosin (H-E) and periodic acid-Schiff (PAS) staining in the liver tissue. After collecting the liver, it was paraffin-embedded and the liver sections
were stained with H-E and PAS staining. The evaluation scores for H-E were calculated by summing of each item such as the nucleus size and shape, cell size and
arrangement and the number of macrophages and those for PAS staining were determined by the glycogen storage (red staining) (a). The images of H-E staining (b)
and PAS (c) are provided.
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Figure 6. The profiles of gut microbiomes. At the fourth week of administration of 6% vol/vol ethanol instead of water and 0.1% dextrin (control), water extracts of
mulberry (WMB), dandelion (WTC) or Hovenia dulcis Thunb fruits (positive-control), feces were collected and the bacterial DNA was analyzed. Proportion of taxonomic
assignments [order] for gut microbiomes (a) was analyzed. Normal-control had no ethanol with a high-fat diet. The fecal bacterial community was shown in principal
coordinate analysis (PCoA) (b).

phylum level. The ratio was lowered by WMB (8.82+3.39)  was lowered by the positive-control and WTC in alcohol-
and positive-control (9.81 £4.27) but it was higher than the =~ administered rats. WTC showed a similar gut microbiota to
normal-control. WTC decreased the ratio (1.87+0.50) toas  the normal-control at the phylum level and WMB and WTC
many as the normal-control. At the order level, Clostridiales ~ changed the distribution at the order level (Figure 6(a)). The
was higher in the control than the normal-control and it  Bacteroidales content was lower in the control group than
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the normal-control group, and WTC increased the contents
to as many as the normal-control group (Figure 6(a)). WMB
and positive control also increased Bacteroidales content but
it was less than the normal-control group (Figure 6(a)).

Some Actinomycetales, Desulfovibrionales, Neisseriales, and
Campylobacterales were higher in the normal-control fed
high-fat diet group than the control group. WMB and
WTC increased Desulfovibrionales and Campylobacterales,
but the positive-control did not alter them (Figure 6(a)).
However, the WMB, WTC, and positive-control groups
exhibited increased Actinomycetales levels, but not to as
many as the normal-control. Lactobacillales were not altered
by alcohol intake, but interestingly, WMB markedly elevat-
ed Lactobacillales (Figure 6(a)). Thus, alcohol changes the
gut microbiota community and WMB and WTC prevented
the gut microbiota dysbiosis that might be associated with
metabolic dysfunction.

Principal coordinate analysis (PCoA) shows the cluster-
ing of gut bacterial community in the groups (Figure 6(b)).
The control group exhibited a separation from the normal-
control and WMB and WTC were separated from the con-
trol group (Figure 6(b)). The PcoA of the gut microbiome in
the WTC and WMB was separated from the control, but the
separation was in the opposite directions. Thus, alcohol
intake changed the gut bacterial community and WTC
altered the community to reduce the alcohol-induced
changes in gut microbiota.

Discussion

Chronic alcohol consumption induces liver diseases such as
fatty liver, cirrhosis, liver cancer, and liver failure and it
causes a significant increase in morbidity and mortality.**
The major risk factors for liver steatosis are alcohol con-
sumption, hepatitis B and C virus infection, and obesity.
Alcohol consumption and obesity are the major triggers
of liver steatosis currently, although their mechanisms are
different. Excessive alcohol consumption and obesity often
occur together and the conditions additively contribute to
the development of liver steatosis. Alcohol abstinence and
losing weight can protect against liver steatosis. However,
it is difficult to achieve those goals by commonly used
interventions, and functional foods can help the process.
In the present study, we determined the efficacy of WMB
and WTC to prevent and/or delay the symptoms of chronic
ethanol-induced hepatic steatosis in male rats fed high-fat
diets and explored the mechanism involved in relieving
ethanol-induced hepatic steatosis. This study demonstrat-
ed that WMB and WTC may be useful as functional foods
for alcoholic liver steatosis by reducing decreasing fat
deposition in the liver while decreasing the ratio of
Firmicutes to Bacteroidetes in the large intestine.

Excessive alcohol intake increases oxidative stress and
inflammation which damages the body, especially, the liver.
ROS are mainly produced by the mitochondria and reduce
bioenergetics, leading to hepatocyte death.”® During the
process, lipid clearance is dysregulated to increase triglyc-
eride accumulation. The present study showed a consistent
result that chronic alcohol intake increased MDA (lipid per-
oxides) and facilitated the disarrangement of hepatocytes

and nuclei in comparison to the normal-control group.
WTC decreased oxidative stress to as much as the
normal-control, and WMB was even more effective for low-
ering hepatic lipid peroxide levels. In addition to increasing
oxidative stress, the enhancement of ethanol degradation
reduces the hepatic damage by alcohol even during the
chronic consumption. Ethanol degradation was faster in
WMB, WTC, and positive-control than the control. WMB
resulted in greater ethanol utilization than WTC and
positive-control. Thus, WMB and WTC both protected
against hepatic cell damage and WMB provided better pro-
tection than WTC.

Fat accumulation is associated not only with hepatic
damage but also cellular energy state. Alcohol is metabo-
lized into acetate in the liver and is then oxidized to gener-
ate ATP in the mitochondria or used to make fatty acids.
The high level of cellular ATP dephosphorylates AMP
kinase, a central energy regulator, which inhibits energy
production and activates the synthesis of fatty acids and
cholesterol.”® Thus, chronic ethanol intake increases triglyc-
eride deposition in the liver. The present study showed
that rats in the control group developed fat deposition
in the liver and WMB and WTC treatments similarly
prevented hepatic fat accumulation and increased glycogen
deposition.

Although heavy alcohol drinking is associated with the
development of type 2 diabetes in humans,” the mecha-
nism is not fully understood. Type 2 diabetes is developed,
when insulin secretion cannot compensate for insulin resis-
tance.”® Chronic alcohol intake is involved in both insulin
resistance and insulin secretory capacity.”” Liver steatosis is
involved in increased hepatic insulin resistance. Chronic
alcohol intake is associated with cytokines and oxidative
stress that cause cellular apoptosis and deposition of tri-
glyceride.” Alcohol intake also inhibits insulin and
insulin-like growth factor signaling in the liver and brain
to induce insulin resistance.”® The present study showed
that insulin sensitivity slightly decreased in the control
group compared to the normal-control, and WMB pre-
vented the decrease, but it was not significantly different.
The slight decreases in insulin resistance might be related
to the relatively short-term treatment of alcohol (four
weeks). Thus, chronic alcohol intake increased hepatic
insulin resistance and it may influence glucose tolerance.

Alcohol intake also affects insulin secretion capacity. In
cross-sectional studies in Europe and Asia, alcohol con-
sumption is negatively associated with both insulin resis-
tance and PB-cell function,>®? which are the crucial factors
in the development of type 2 diabetes.”® These results sug-
gest that heavy alcohol drinking may increase susceptibil-
ity to type 2 diabetes in Asians since Asians have lower
B-cell function. A recent Japanese cohort study demonstrat-
ed that moderate and heavy alcohol consumption impairs
insulin secretion and also shows a tendency to increase
insulin resistance.”®> However, no prospective studies
have been conducted in humans, and there are few exper-
imental studies. The present study showed that chronic
alcohol intake decreased serum insulin levels in response
to a 2 g glucose/kg body weight challenge, in comparison
to no alcohol intake. WMB protected against the decrease in



serum insulin levels during OGTT, but WTC and the
positive-control did not. Previous studies have demonstrat-
ed that anthocyanins in mulberry extracts protect against
pancreatic B-cell apoptosis induced by oxidative stress and
glucotoxicity and maintains glucose-stimulated insulin
secretion.>**° Thus, chronic alcohol intake increased oxida-
tive stress which impaired B-cell function, and mulberry
extracts alleviated the B-cell dysfunction by decreasing oxi-
dative stress.

The metabolic changes induced by chronic alcohol
intake may be associated with changes in the gut micro-
biota. After alcohol intake, alcohol in the blood circulation
affects the gut microbiome by the ways to increase intesti-
nal hyperpermeability to luminal bacterial products and
oxidative metabolites. The changes lead to the develop-
ment of dysbiosis in the intestinal microbiota.’® The dys-
biosis resulting from alcohol intake may influence the
development of, or exacerbate alcoholic liver disease.
Recent studies have shown that the proportion of
Bacteriodetes species relative to Firmicutes is lower in obese
persons and animals in comparison to lean people and ani-
mals, and microbial diversity is also decreased.**” This
might be related to changes in nutrients in the gut which
enhance the growth of certain microbiomes and the micro-
biota produces inflammatory factors such as lipopolysac-
charides and short chain fatty acids® The microbial
byproducts affect inflammation and immune activation
which modulate brain-gut axis to change appetite and
energy expenditure that alter body weight and fat mass.
Their changes also modify hepatic insulin resistance and
insulin secretion which modulate glucose metabolism.
Thus, the changes in gut microbiota modify energy metab-
olism and glucose metabolism. Alcohol intake is reported
to increase intestinal permeability to luminal bacterial
products that go to the liver causing the development of
alcoholic liver disease.*® Alcohol intake also modulates the
bile acid pool size and composition to increase the produc-
tion of deoxycholic acid®® which reduces the diversity of
the gut microbiota and elevates the number of Firmicutes.”®
The present study showed a comparable result, that alcohol
intake increased the Firmicutes population, especially
Clostridiales, and it was associated with increased visceral
fat in the rats fed alcohol. WMB and WTC altered the gut
microbial community in rats with chronic alcohol intake,
and WTC was most protective against the changes induced
by alcohol intake in the present study. The modification
of gut microbiome might be associated with the protection
of alcoholic hepatic steatosis and glucose dysregulation.”

In conclusion, water extracts of mulberry fruits and
white flower dandelion protected against fatty liver
induced by alcohol intake and also alleviated the impair-
ment of glucose metabolism. They also prevented the
decrease in BMD and LBM and the increase in fat mass in
rats consumed alcohol. Water extracts of mulberry fruits
had better efficacy for improving glucose metabolism
than WTC, whereas white flower dandelion increased
LBM more than water extracts of mulberry fruits. The
changes in glucose and lipid metabolism might be involved
in gut microbiome modification. Thus, mulberry fruits and
white flower dandelion may be useful functional foods for
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preventing or alleviating alcoholic liver steatosis, and for
improving glucose metabolism while protecting against the
dysbiosis of the gut microbiome community. Mulberry
fruits had better efficacy for improving alcoholic liver stea-
tosis than white flower dandelion. Human studies are
needed to confirm the functionality.
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