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Abstract: This study investigated the effect of Cornus officinalis vinegar on gut microbiota and hepatic lipid droplet in
nonalcoholic fatty liver disease (NAFLD) model mice. The C57BL/6J male mice were divided into three treatment groups:
Control group (CON group) fed with a purified diet; high fat diet (HFD) group and C. officinalis vinegar treatment (CVT)
group fed with high fat diet. After 10 weeks, the CVT group was orally administered with C. officinalis vinegar once a day for
6 weeks. We found that C.officinalis vinegar improved gut microbiota, significantly reduced body weight and liver injury of
HFD-fed mice. Observation of histopathology and ultrastructure showed that C.officinalis vinegar improved histological
changes, reduced size and number of lipid droplets. Additionally, C.officinalis vinegar significantly inhibited the expression
of perilipin 2 (PLIN-2) and increased the expression of adipose triglyceride lipase (ATGL). In conclusion, C. officinalis
vinegar could exert beneficial effects on NAFLD through modulation of gut microbiota and lipid droplets.
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1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is a metabolic liver
disorder disease'”, and has become a major public health problem
worldwide"”. Risk factors are associated with NAFLD include
increased age, male sex, ethnicities, unhealthy dietary patterns,
lack of certain nutrients, genetic factors and metabolic diseases
such as obesity, diabetes and insulin resistance”. Recently, the
most studies have indicated that gut microbiota could modify the
pathology of NAFLD™" and influence NAFLD progression®”, as
well as coordinate host metabolism®. Dysbiosis is defined as any
change in the composition of the microbiota and is commonly
reflected by a reduction of the species number. Some studies have
revealed the association between gut microbiota dysbiosis and
obesity, diabetes, NAFLD and metabolic disease” . Therefore, it
is critical to maintain the balance and homeostasis of gut
microbiota in the treatment of metabolic diseases, such as NAFLD
and diabetes.

A key feature of NAFLD is excessive accumulation of lipids in
liver™. In cells, lipids are stored in organelles called lipid droplets
(LDs). LDs are surrounded by a phospholipid monolayer and
filled with triacylglycerols and sterol esters in their core!'. LDs
are present in almost all cell types and play an important role in

balancing intracellular lipid homeostasis, even the whole body"®.

In hepatocytes, fusion, growth and shrinking of LDs play a
regulatory role in lipid and energy homeostasis"”'¥. Abnormal
lipid accumulation in LDs in the liver caused hepatic steatosis, a
pathological feature of NAFLD"™, implicating that modulate the
formation and breakdown of LDs will help understand the
progression of NAFLD and guide intervention strategies for the
treatment of NAFLD. In fact, the pathological mechanisms of
NAFLD are still incompletely understood. Despite the increase in
the prevalence of NAFLD and the morbidity associated with
NAFLD, there are still not satisfactory treatment drugs for
NAFLD nowadays.

Cornus officinalis (Cornus, C. officinalis) a deciduous tree
distributed in Eastern Asia. The fruits of C. officinalis are often
used as a medicinal plant to treat liver and kidney disease"”. The
fruit of C. officinalis and its extracts can prevent hepatic injuries™”.
In recent years, the yield of C. officinalis fruit is on the increase in
China, but the fruits cannot be preserved for a long time. Based on
health function of C. officinalis, it have been developed into
various dietary supplements such as C. officinalis wine, oral
solution and other functional beverage. C. officinalis vinegar had
been made in our team, and we found that C. officinalis vinegar
contained some important bioactive substances like morroniside,
loganin, and numerous organic acids and preliminary study have
also showed that C. officinalis vinegar attenuates the development
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of hepatic steatosis in mouse model of nonalcoholic fatty liver™".

However, it is unclear whether C. officinalis vinegar regulates
hepatic lipid metabolism by influencing gut microbiota and
changes of hepatic LDs. Therefore, the effects of C. officinalis
vinegar on the changes of gut microbiota and hepatic LDs were
investigated in a high fat diet (HFD)-induced mouse model of
NAFLD. The findings of this study might contribute to elucidate
the mechanism of action of C. officinalis vinegar and provide well-
established evidence in hepatoprotective effect of C. officinalis
vinegar.

2.1 Preparation of C. officinalis vinegar

C. officinalis vinegar was obtained from our laboratory, and the
acidity was 5.12%. Prior to experiments, the C. officinalis vinegar
samples were stored in the laboratory at a constant temperature of
around 25 °C.

2.2 Animal experiments

All animal experiments were conducted according to the Guide
for the Care and Use of Laboratory Animals: Eighth Edition, ISBN-
10: 0-309-15396-4, and they were approved by the Institutional
Animal Care and Use Committee of Henan University of Science
and Technology (SYXK(Yu)2021-0020). Male C57BL/6] (6 weeks
old) mice were selected from the Zhengzhou University
Laboratory Animal Center (Zhengzhou, China). They were
acclimated to the environment for 1 week. Mice were then
randomly divided into three groups (n=12/group) as follows:
Control group (CON group) fed with standard chow diet
(LAD3001M, purchased from Trophic Animal Feed High-Tech
Co., Ltd. Nantong, China); HED group and C. officinalis vinegar
treatment group (CVT group) fed with high fat diet (60% kcal
from fat, TP23400, purchased from Trophic Animal Feed High-
Tech Co., Ltd.). Mice were given ad libitum access to food and
water. After 10 weeks, mice in CVT group were gavaged the
C. officinalis vinegar (2 mL/kg body weight) once a day,
accordingly, mice in CON group and HFD group were gavaged
with the same volume of saline, for 6 weeks. The body weight was
measured weekly. At the end of the experiment, the mice were
anaesthetized with pentobarbital sodium after 12 h overnight
fasting, blood from hearts was collected in clean Ethylene Diamine
Tetraacetic Acid tubes, serum samples were obtained from the
collected blood samples through 10 min of centrifugation (3,500 x
& 4 °C). And then, liver tissues were removed, weighed, processed
for subsequent analyses. The time schedule of procedure in this
study is shown in Fig. 1.

2.3 Analysis of gut microbiota

At the end of the experiment, Mouse feces were collected and
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the microbial DNA was extracted using QIAamp® DNA Stool
Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The concentration and purity of
DNA were determined with a NanoDrop One Microvolume UV-
Vis spectrophotometer (Thermo Scientific, Wilmington, DE,
USA), and the bacterial genomic DNA integrity of was detected by
agarose gel electrophoresis. the bacterial 16S rRNA V3-V4
region was amplified using the following barcoded primers:
338F 5 -ACTCCTACGGGAGGCAGCAG-3' and 806R 5' -
GGACTACHVGGGTWTCTAAT-3'. Then, the PCR amplifica-
tion products were purified using the AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City, CA). The DNA
library was constructed, the purified amplification products were
sequenced using the [llumina MiSeq system and Data analysis was
performed on the network cloud platform at Majorbio BioPharm
Technology Co., Ltd. (Shanghai, China). The information of
operational taxonomic units (OTUs) in each group was analyzed
and classified according to 97% similarity. Then chao index and
shannon index were used to evaluate alpha diversity of gut
microbiota at phylum level.

2.4 Evaluation of AST, ALT and ALP Activities in serum
and triglyceride concentration in liver

Activities of aspartate transaminase (AST), alanine
transaminase (ALT) and alkaline phosphatase (ALP) in serum
were detected using commercial kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, Jiangsu, China). The liver tissue
was homogenized, and the total lipids were extracted as previously
described®. Then, the triglyceride (TG) concentration in livers
was measured by commercial kits (Nanjing Jiancheng
Bioengineering Institute).

2.5 Histopathology observation and analysis

Liver were removed and were fixed in 10% neutral formalin
solution. After 48 h, fixed liver tissues were dehydrated and then
embedded in paraffin. Serial sections were cut at 5 pm,
deparaffinized in xylene, rehydrated, and stained with
hematoxylin and eosin. Sections were observed and scored by an
experienced pathologist without prior knowledge of the treatment
groups using light microscopy™, and the Leica Application Suite
3.0 software was employed for morphometric analysis.

2.6 Ultrastructural observation and analysis in livers

For ultrastructural observation, liver samples fixed in 2.5%
glutaraldehyde were postfixed in 1% osmium tetroxide (in pH 7.4
of phosphate buffer for 1.5 h at 4 °C). After dehydration in a
graded ethanol series, samples were embedded in epoxy resin
(Epon 812, Hede Biolnc, Beijing, China). Ultrathin sections were
cut and were stained with uranyl acetate and lead citrate (Hede),
and images were captured and examined in a Transmission
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Figure1 The schedule of procedure of the present study.
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electron microscope (TEM) (JEM-1400, JEOL Ltd, Tokyo, Japan),
the Image] software was used for analysis of number and
diameters of LDs.

2.7 Real-time PCR

Total RNA was extracted from the liver tissue using TRIzol
isolation reagent (TaKaRa Biolnc, Otsu City, Japan) according to
the manufacturer’s protocol. The mRNA was then reverse
transcribed into cDNA using an oligo-dT primer and PrimeScript
RT enzyme (TaKaRa). The cDNA was used as a template for real-
time PCR analysis. Real-time PCR was performed for determine
of LD-associated genes using SYBR Premix ExTaq II (TaKaRa) in
a Bio-Rad iQ5 detection system (Bio-Rad Laboratories, Hercules,
CA, USA). Each real-time PCR was performed in triplicate and
normalized with the housekeeping gene f-actin. Primer sequences
are shown in Table 1. Relative gene expression data were
determined by the 2™*“ method™”.

2.8 Statistical analysis

All data are expressed as the mean + standard deviation (SD).
The results were statistically analyzed by one-way ANOVA,
followed by Tukey’s multiple comparison test. The criterion for
significance was a P < 0.05. Analysis was performed using SPSS
16.0 software.

3.1 Effect of C. officinalis vinegar on the microbiota
composition in HFD-fed mice

The action of gut microecology recently attracted more people's
attention. Dysbiosis of gut microbiota is associated with obesity,
NAFLD and other metabolic diseases™. Recent evidences have
revealed the abnormality of the gut microbiota in patients with
NAFLD and HFD-induced animal model®*’, Modulation of gut
microbiota have been proposed for treatment of NAFLD™,
Environmental factors including the type of diet, drugs presence
can alter the composition of the gut microbiota®. However,

whether C. officinalis vinegar caused changes of gut microbiota
remains to be determined. In the studies, the effects of C. officinalis
vinegar on the composition of fecal microbiota were assessed
through a 16S rRNA (V4 region) sequence analysis. As shown in
Fig. 2a, the composition of fecal microbiota of mice in different
groups differed significantly. At the genus level, amounts of
Faecalibaculum, Bifidobacterium, Lactobacillus, Ruminococcus,
Turicibacter were significantly decreased in the HFD group
compared with control group. Oppositely, amounts of Bacteroides
and norank-Lachnospiraceae were significantly increased in the
HFD group compared with control group. However, C. officinalis
vinegar treatment group showed a significant rising in
Faecalibaculum, Bifidobacterium, Lactobacillus, while a declining
trend in Bacteroides norank-Lachnospiraceae. Lactobacillus’
abundance was negatively correlated with liver fat and body
weight™, some vinegar including pineapple vinegar and nipa
vinegar can reduce body fat and bodyweight”". Taken together,
the positive effects of C. officinalis vinegar on NAFLD may be an
independent action, or may be mediated by regulating gut
microbiota. Notably, HFD lead almost to disappearing of
Ruminococcus and Turicibacter genus, but C. officinalis vinegar
could not recover the alteration. To date, it’s not clear whether the
occurrence of NAFLD was associated with decreased abundance
of Ruminococcus and Turicibacter. As shown in Fig.2b, the
diversity (Chao and Shannon indices) of intestinal microbiota was
lower in the HEFD group than in the CON group, and the CVT
group showed a significant increase in diversity compared with
the HFD group, these results are similar to previous studies™*”.
Therefore, it’s certain that the diversity and abundance of gut
microflora were associated with progression of NAFLD.

3.2 Effect of C. officinalis vinegar on body weight, liver
weight and hepatic TG

At the beginning of the experiment (W7), the body weight of
mice in the different group is no differences (P > 0.05). After 10
weeks (W17), body weight of HFD feeding mice is higher than
that of the standard chow diet feeding mice (Figs. 3a and 3b).
After treatment with C. officinalis vinegar for 6 weeks (W23), mice

Table1 Primer sequences for quantitative real-time PCR

Gene Forward primer (5'-3)

Reverse primer (5'-3")

PLIN-2
ATGL

B-actin

TTGCAGTTGCCAATACCTATGC
TGCTACCCGTCTGCTCTTTC
AGAGGGAAATCGTGCGTGAC

CCAGTCACAGTAGTCGTCACA
GACCTGATGACCACCCTTTC
CAATAGTGATGACCTGGCCGT

(2)

e — 3
Lachnospiraceae_NK4A136_group _’
Bifdobacterun T ————

Bacteroides EE,,’
Rikenellaceae_RC9_gut_group _
norank_f _Lachnospiraceae b:
unclassified_f Lachnospiraceae h
Lactobacillus E
Colidextribacter -
norank_f Muribaculaceae -
Ruminococcus —:’
norank_f _Desulfovibrionaceae h
norank_f__Oscillospiraceae h

Turicibacter F:'

0 2 4 6 8 10 12 14 16

Mean proportions(%)

(b) a-diversity

S

Chao index of Genus level

Shannon index of Genus level

o

Figure2 Changes in gut microbiota of mice. (a) Changes in gut microbiota of mice from each group at the genus level, (b) The alpha diversity of the gut microbiota.
Data are expressed as mean + SD. * means the difference is significant at the 0.05 level, ** means the difference is significant at the 0.01 level.
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in the HFD group had higher body weight and liver weight than
mice in the CON group, However, the body weight and liver
weight of mice in the CVT groups was lower than that of mice in
HEFD group (Fig. 3c). As shown in Fig. 3d, hepatic TG significantly
increased in the HFD group compared with the CON group. After
C. officinalis vinegar treatment, hepatic TG exhibited a significant
decrease compared with those in the HFD group. Previous studies
have shown that obesity is strictly related to the development of
NAFLD"™, and body weight loss can be beneficial for NAFLD"".
These results implied that C. officinalis vinegar was effective in
management of HFD-induced NAFLD by lossing weight.

3.3 Effect of C. officinalis vinegar on liver injury

As shown in Fig. 4, compared with the CON group, the serum
levels of AST, ALT and ALP in HFD group were significantly
increased. However, the serum levels of AST, ALT and ALP were
significantly decreased in the CVT group, suggesting that

@
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(C) * *
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Liver weight (g)
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Body weight (g)

C. officinalis vinegar treatment may have beneficial effects on the
prevention and progression of NAFLD.

34 C. officinalis vinegar alleviated histopathological
changes

The histopathological analysis revealed greater steatosis area (P
< 0.001), and accumulation of greater levels lipid droplets and
cell swelling in the livers of HFD group mice compared to the
CON group (Fig. 5a). However, following treatment with the
C. officinalis vinegar, the increase of lipid droplets was moderate
and the number and the size of hepatocyte with fat vacuoles were
decreased, and steatosis area were reduced from 51% of HFD
group to 28% of the CV'T group, respectively (Fig. 5b).

Together with results of the microbiota composition, body
weight, hepatic fat content and liver injury, we thought that
C. officinalis vinegar could inhibit the development of NAFLD by
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Figure 3 Effects of the COVs on body weight, liver weight and TG. (a) Physical appearance of mice fed standard chow diet and high-fat diet for 10 weeks, (b) Body
weight changes of mice from 6 weeks old to 23 weeks old, (c) Liver weight in the different groups, (d) liver TG in the different groups. Data are expressed as mean +
SD. * means the difference is significant at the 0.05 level compared with CON group, ** means the difference is significant at the 0.01 level compared with CON group,
" means the difference is significant at the 0.05 level compared with HFD group in figure 3B; * means the difference is significant at the 0.05 level, ** means the

difference is significant at the 0.01 level in other figures.
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Figure4 Effects of the COVs on liver injury. Serum levels of AST (a), ALT (b) and ALP (c). Data are expressed as mean + SD. * means the difference is significant at

the 0.05 level.
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(2)

CON group HFD group

altering the dominant species within the gut and our results also
support the viewpoint that manipulation of gut microbiota can be
an effective in the treatment of NAFLDP* and may be
therapeutic target for NAFLD*.

35 C. officinalis vinegar altered lipid droplet in
hepatocytes

Lipid droplets are lipid-rich organelles within the cells, and are
associated with hepatic lipid metabolism. Excess lipids accumulate
within hepatocytes can be a pathological condition of occurrence
of NAFLD and progression to nonalcoholic steatohepatitis
(NASH)™.. The quantity, sizes and dynamics of the LDs reflect
different biological progresses, and are correlate with the
development of metabolic diseases™”. C. officinalis vinegar may
protect against the progression of NAFLD by inhibiting formation
of LDs or facilitating the breakdown of LDs in the liver. In this
study, we observed LDs in liver tissue samples using TEM. As
illustrated in Fig. 6, under the ultrastructural observation,

(2)

7 1M CON group
(b) L, * M HFD group
60 W CVT group
—~
a\O/ 50
]
2 40
<
2]
‘Bz 30
=1
I~
L 20
©»
10
0 d

CVT group

Figure 5 Effect of the COV on histopathological changes. (a) Hematoxylin and eosin (H&E) staining of liver samples of mice from the different groups, (b) Steatosis
area of liver from the different groups. ** means the difference is significant at the 0.01 level.

hepatocytes in HFD group exhibited larger LDs (P < 0.001) and
more LDs (P < 0.01) compared to the CON group. When treated
with the C. officinalis vinegar, lipid droplet size and number of
lipid droplets per cell were significantly reduced, suggesting that
the C. officinalis vinegar can inhibit the accumulation of LDs in
liver and hepatocytes, and facilitate lipid droplet degradation.
However, further researches are needed to reveal the mechanisms
of lipid droplet degradation in hepatocytes by the regulatory of the
C. officinalis vinegar.

3.6 Effect of C. officinalis vinegar on the expression of
LD-associated genes in liver

LD-related proteins including the perilipins (PLINs) and fat-
specific storage protein 27 (FSP27), localize to the LD surface, and
govern the formation and breakdown of LDs*"*’. Perilipin
(PLIN)-2 is one member of the PLIN protein family which is the
main structural proteins of LDs and regulates LD assembly and
formation™. PLIN-2-deficient reduced liver steatosis, meanwhile

CON group HFD group CVT group
- ok T~ S
409 (b) . e R 10d © ¥ -
35 4
8 .
J A
. 3
8 =
o 25 S
3 z 61
Q
8 20 3
— =
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B 15 - i 41
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Z 10 4 z
g 27
5 4 =
ol I 0-

Figure 6 Effect of the COV on LD changes. (a) Transmission electron microscope of LDs from the different groups, (b) Number of LD per cell, (c) The average
diameters of LD from the different groups. ** means the difference is significant at the 0.01 level. *** means P < 0.001 versus CON group.
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increased lipolysis in mice!*’. A previous study demonstrated that
PLIN-2 deficiency decreased the lipid content and the size and
number of LD in macrophages”. These findings indicate that
PLIN-2 is a key regulator in promoting larger LDs, steatosis, and
the pathogenesis of NAFLD. Moreover, ATGL is a key enzyme in
degradation of TG stored in LDs. ATGL first hydrolyzes TG into
diacylglycerol (DG) and DG is sequentially acted by hormone—
sensitive lipase (HSL) and monoacyl-glycerol lipase (MGL)"**.

the whole lipolytic process, the free fatty acids (FFAs) were
released for mitochondrial energy production or re-esterizing into
TG. Therefore, function of ATGL is important for maintaining
balance of LD storage and metabolism™”,
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In this study, the C. officinalis vinegar on the expression of LD-
associated genes including PLIN-2 and ATGL was evaluated. As
shown in Fig. 7, HFD increased expression levels of PLIN-2 gene
and decreased expression levels of ATGL gene in the liver tissue,
compared to the CON group (P < 0.05). When treated with the C.
officinalis vinegar, the expression of PLIN-2 was inhibited and the
expression of ATGL was increased, compared to the HFD group
(P < 0.05). these results indicated that C. officinalis vinegar could
facilitate lipolysis pathway of LDs, led to larger LDs turned into

small LDs. It may be more amenable for lipophagic
internalization!™.,
1M CON group
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Figure7 Effect of the COV on the expression of LD-associated genes. (a) ATGL gene expression, (b) PLIN-2 gene expression.

The disease spectrum of NAFLD ranges from simple steatosis
to nonalcoholic steatohepatitis, hepatic fibrosis, and final cirrhosis
and liver failure. Although C. officinalis vinegar reversed hepatic
steatosis in mice with NAFLD mice fed a HFD under the present
study, it was unclear whether C. officinalis vinegar was effective for
hepatic fibrosis or cirrhosis. Therefore, further studies are
required. Subsequently, a human study is also required to confirm
the data obtained in this mouse model of NAFLD.

4 Conclusion

In conclusion, this study demonstrated that C. officinalis
vinegar exerted beneficial effects on hepatic steatosis in NAFLD
model mice by reducing liver TG levels, liver weight and body
weight, improving the serum levels of AST, ALT and ALP.
C. officinalis vinegar also reduced hepatic LD sizes by modulating
gut microbiota and decreasing the expression of PLIN-2 and
ATGL, which provided new evidence to support that C. officinalis
vinegar could be considered to be functional food.
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