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Abstract

Background: At present, ursodeoxycholic acid (UDCA) is internationally recognized as a therapeutic drug in clinic.
However, about 40% Primary Biliary Cholangitis (PBC) patients are poor responders to UDCA. It has been
demonstrated that Transcutaneous Neuromodulation (TN) can be involved in gut motility, metabolism of bile acids,
immune inflammation, and autonomic nerve. Therefore, this study aimed to explore the effect of TN combined
with UDCA on PBC and related mechanisms.

Methods: According to inclusion and exclusion criteria, 10 healthy volunteers and 15 PBC patients were recruited
to control group and TN group, respectively. PBC patients were alternately but blindly assigned to group A (TN
combined with UDCA) and group B (sham-TN combined with UDCA), and a crossover design was used. The TN
treatment was performed via the posterior tibial nerve and acupoint ST36 (Zusanli) 1 h twice/day for 2 weeks. T test
and nonparametric test were used to analyze the data.
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sham-TN.

required.

on 25 January 2018.

Results: 1. TN combined with UDCA improved the liver function of PBC patients shown by a significant decrease of
alkaline phosphatase and gamma-glutamyltransferase (y-GT) (P < 0.05). 2. The treatment also decreased serum IL-6
levels (P < 0.05), but not the level of Tumor Necrosis Factor-q, IL-13 or IL-10. 3. TN combined with UDCA regulated
autonomic function, enhanced vagal activity, and decreased the sympathovagal ratio assessed by the spectral
analysis of heart rate variability (P < 0.05). 4. There was no change in 13 bile acids in serum or stool after TN or

Conclusions: TN cssombined with UDCA can significantly improve the liver function of PBC patients. It is possibly
via the cholinergic anti-inflammatory pathway. TN might be a new non-drug therapy for PBC. Further studies are

Trial registration: The study protocol was registered in Chinese Clinical Trial Registry (number ChiCTR1800014633)

Keywords: Transcutaneous Neuromodulation, Primary biliary cholangitis, Bile acids, Vagus nerve, Anti-inflammatory

Background

Primary Biliary Cholangitis (PBC) is a progressive auto-
immune cholestatic liver disease. Main pathological fea-
tures are chronic inflammation, the destruction of small
intrahepatic bile ducts, and progressive cholestasis to-
ward cirrhosis and liver failure [1]. Patients with PBC
may even die of its complications [2]. In recent years,
the incidence of PBC has increased substantially [3].
However, there are few drugs and treatment options for
PBC. Ursodesoxycholic acid (UDCA) is the only stand-
ard first-line therapy for PBC, but it is expensive and
about 40% of patients have an inadequate response to it
[3, 4]. Therefore, it is necessary to search for new and
effective treatments to delay or even reverse the progress
of PBC in the early stage.

Transcutaneous Neuromodulation (TN), using Needle-
less Transcutaneous Electrical Acustimulation, has
recently received increasing attention. For its safety and
reliability, TN is widely used in diseases related to
immune and inflammatory injury, such as rheumatoid
arthritis (implanted vagus nerve stimulation) [5] and
inflammatory bowel disease (implantable vagus nerve
stimulation) [6], as well as functional gastrointestinal
diseases [7], such as functional dyspepsia (stimulation of
Zusanli and Neiguan points) [8] and functional constipa-
tion (stimulation of Zusanli and posterior tibial nerve)
[9]. It was suggested to improve major postoperative
symptoms by enhancing vagal and suppressing sympa-
thetic activities to promote post-operative recovery [10].
TN was also reported to treat liver diseases, such as
acute liver injury (stimulation of Zusanli points), hepa-
titis (stimulation of Zusanli points), and non-alcoholic
fatty liver (stimulation of Zusanli points) [11]. TN as a
non-invasive therapy is more acceptable to patients [11].
In our previous study, TN could improve the excitability
of the vagus nerve and inhibit the synthesis and release
of inflammatory factors. TN could also regulate the level

of gastrointestinal hormone and the metabolism of
serum bile acids (BAs) [12]. Moreover, stimulation at
both Zusanli and posterior tibial nerve can maximize the
advantages of TN [9, 12, 13]. Other studies have found
that stimulation at Zusanli can inhibit inflammation and
regulate the immune function of patients [11, 14].

Patients with PBC have abnormal bile acid metabol-
ism, which is characterized as increased BAs contents,
changes in bile acid composition, and the abnormal
expression of bile acid transporters [15—18]. The toxic
accumulation of bile acid may be related to the progres-
sion of PBC. In addition, the level of helper T cells in
PBC patients is increased, secreting interleukin-6 (IL-6),
interleukin-10 (IL-10), and tumor necrosis factor-a
(TNF-a). Through the secretion of bile, the inflamma-
tory factors secreted by liver can enter intestine, and
aggravate the damage of intestinal lining and disrupt
microbiota. Then, liver is re-damaged by the gut-liver
circulation [19].

As TN has been reported to play a role in regulation
of gut motility, gut secretion, metabolism of bile acids,
immune inflammation, and autonomic nerve as men-
tioned above. We hypothesized that TN may influence
PBC through the anti-inflammatory effect of the vagus
nerve and the regulation of bile acid according to the
characteristics of PBC.

The aim of this study was to investigate the improve-
ment of PBC with TN combined with UDCA, and to
explore whether the anti-inflammatory effect of vagus
nerve and the regulation of bile acid were involved in
the mechanism of TN in the improvement of PBC.

Methods

Study participants

Fifteen PBC patients and 10 healthy volunteers (HV)
were recruited from the Second Department of Gastro-
enterology, the First Affiliated Hospital of Dalian
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Medical University from January 2018 to January 2019.
Data was obtained for 10 PBC and 10 HV. The study
protocol was approved by the hospital ethics committee
(number PJ-KY-2017-113(X)) and registered in Chinese
Clinical Trial Registry (number ChiCTR1800014633). All
the participants in this study signed the informed
consent form and were free to quit this study at any time
for any reason.

Inclusion criteria for patients were as follow: Accord-
ing to the European Association for the Study of the
Liver Clinical Practice Guidelines: Diagnosis and
Management of PBC Patients [20]. Meeting two of the
following: (1) a. biochemical evidence of cholestasis,
levels of alkaline phosphatase (ALP) and vy-
glutamyltransferase (y-GT) were increased; b. serologic
reactivity to anti-mitochondrial antibodies (AMA) and/
or AMA-M2; c. Liver histology evidence: chronic non-
suppurative, granulomatous, and lymphocytic small bile
duct cholangitis. (2) The level of serum total bilirubin
is within the normal range. Exclusion criteria were as
follow: (1) symptoms of pruritus; (2) liver elastography
as stage F4 or cirrhosis; (3) other liver diseases or other
immune diseases; (4) being in acute phase; (5) the level
of liver function was in the normal range, BMI > 35 kg/
cm? (6) having an implanted pacemaker; (7) being
allergic to skin preparation or electrodes; (8) pregnancy
or intention to become pregnant during the trial; (9)
refusal of blood and fecal withdrawing; (10) being
familiar with acupoints or meridian.

Study design

All subjects were enrolled according to inclusion and ex-
clusion criteria. Healthy control group: blood samples
were taken and electrocardiogram was recorded for
assessing Heart Rate Variability (HRV). PBC group:
baseline conditions were recorded, including HRV, blood
samples, and fecal specimens. PBC is a chronic disease.
In our study patients had an inadequate response to
UDCA and the status of their disease had not changed
much in a short time. Therefore, the experiment used a
crossover design. PBC patients were blinded about treat-
ment regimens. They did not know which kind of plan
they received, and did not know the existence of sham
TN, as well as sham TN treatment was useless. All the
patients were alternately but blindly divided into two
groups (Fig. 1): one group was allowed to cross over to
sham-TN after receiving 2-week TN therapy followed by
1-week washout; the other group was allowed to cross
over to TN therapy after receiving 2-week sham-TN
followed by 1-week washout. For methods, we made the
treatment plan for the first patient starting with TN
treatment combined with UDCA, and the second patient
starting with sham-TN treatment combined with UDCA,
which is alternate in sequence. Patients were required
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for three office visits (2nd, 3rd, and 5th week) during the
trial. In each visit, blood and fecal samples were taken,
and HRV were recorded. At the end of the trial, the data
of two groups were regrouped. The data of patients re-
ceiving TN therapy were classified into TN group, and
the data of patients receiving sham-TN were classified
into sham-TN group. During the study period, patients
continued to take UDCA at the same dose as before the
study. (Fig. 1).

TN treatment

A neuromodulator (SNMFDCO01, Ningbo Maida
Medical Device Inc., Ningbo, China), a watch-size
microstimulator, was used for TN treatment and
sham-TN. TN treatment was delivered via electrodes
placed at the posterior tibial nerve and acupoint ST36
(Zusanli) (Fig. 2). For ST36, one electrode was placed
at ST36 and the other at 4 cm below ST36 along the
same meridian; for the posterior tibial nerve, one
electrode was placed at about two fingers’ breadth up
to the malleolus medialis and posterior to tibia and
the other at 4cm above the first electrode. The
sham-point for ST36 was located at about 10 cm away
from ST36 and to the lateral side of ST36 not on any
meridian and the sham-point for the posterior tibial
nerve was located at about 10cm away from and to
the lateral side of the posterior tibial nerve not on
any meridian. TN treatment was given for 1h, twice
daily (9-10a.m. and 4-5p.m.). Following parameters
were used for TN and sham-TN including train on-
time of 10s and of-time of 90s, pulse width of 0.5
ms, pulse frequency of 25Hz, and amplitude of 2-10
mA (at the maximum level tolerated by the subject).
(Fig. 2).

Blood draw and assay

Blood samples were taken in fasting state (7—8 am) from
healthy volunteers and PBC patients (weeks 0,2,3,5, Fig.
1). (1) Liver function: ALT, AST, ALP, and y-GT were
assessed by using an automatic biochemical analyzer
(Hitachi 7600_020 biochemical automatic analyzer). (2)
Serum lipid: using automatic biochemical analyzer
(Hitachi 7600_020 biochemical automatic analyzer) to
determine total cholesterol (TC) and triglyceride (TG).
(3) Serum BAs: five standard products were accurately
weighed and formulated into standard stock solutions
with a concentration of 1 mg/ml, which were sequen-
tially diluted with matrix to a mass concentration of 0.2,
1, 5, 10, 50, 100, 500,1000 ng/ml total eight series of
standard solutions [12]. Cryopreserved blood samples
were lyophilized and reconstituted with a methanol
solution. LC-MS/MS was used to detect 13 subtypes of
BAs: tauroursodeoxycholic acid (TUDCA), taurocholic
acid (TCA), taurochenodeoxycholic acid (TCDCA)),
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PBC patients
group(n=15)

Control group
(n=10)

Fig. 1 Experimental protocols
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(a)

nerve not on any meridian

(b)

Fig. 2 Method of TN. a TN acupoints: ST36-one electrode was placed at ST36 and the other at 4 cm below ST36 along the same meridian; the
posterior tibial nerve-one electrode was placed at about two fingers’ breadth up to the malleolus medialis and posterior to the tibia and the
other at 4 cm above the first electrode. b Sham-TN acupoints: for ST36 was located at about 10 cm away from ST36 and to the lateral side of
ST36 not on any meridian and for the posterior tibial nerve was located at about 10 cm away from and to the lateral side of the posterior tibial
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taurodeoxycholic acid (TDCA), chenodeoxycholic acid
(CDCA), UDCA, cholic acid (CA), lithocholic acid
(LCA), taurolithic acid (TLCA), glyco-eodeoxycholic
acid acid (GCDCA), glycocholic acid (GCA), glycodeoxy-
cholic acid (GDCA), deoxycholic acid (DCA). (4) Inflam-
matory Factors: blood samples were taken from a
refrigerator at — 80 °C and thawed at 4 °C. TNF-a, IL-6,
interleukin-1p (IL-1B), and IL-10 were detected by
Immulite 1000 automatic immunoassay analyzer
(Siemens) and its supporting reagents. (5) Fecal samples
were taken in fasting state (7-8am) from healthy
volunteers and PBC patients (Oth, 2nd, 3rd, and 5th
week) and saved in a-80°C refrigerator. Detection
methods and BAs types were the same as serum BAs.

Assessment of autonomic function

Autonomic function was assessed by the spectral ana-
lysis of HRV derived from ECG, described as follows:
three locations in chest/abdomen where ECG electrodes
were placed (apical, the second intercostal of sternal
right edge, and the intersection of right rib arch and
clavicle midline) and marked. Abdominal skin was
cleaned and a medical ultrasound gel (Dafuxingyejing-
sheng science and technology limited company, Beijing,
China) was applied to reduce skin impedance [21]. Elec-
trodes were placed over the treated skin, and patients
were asked to lie down and stay quiet for 30 min. During
the examination, patients could not talk, move, or sleep,
to avoid interference such as motion artifacts. ECG was
recorded using an amplifier (ECG-201, Ningbo Maida
Medical Device Inc., Ningbo, China) with a recording
frequency of 100 Hz. HRV signal was obtained by identi-
fying R peak, and RR interval from ECG was calculated
by using a custom-made software [9]. HRV signal was
subjected to power spectrum analysis and the power in
different bands was calculated. The power in low-
frequency (LF) band (0.04-0.15Hz) reflects mainly
sympathetic activity, whereas the power in high-
frequency (HF) band (0.15-0.40 Hz) represents purely
parasympathetic or vagal activity. And the power in LF/
HF  represents the balance of sympathetic-
parasympathetic [21, 22].

Statistical analysis

Statistical analysis was conducted by using SPSS 20.0
Software. Data with a normal distribution are presented
as mean + SD. Data between groups was analyzed by in-
dependent sample t test, and Data within groups was
tested by paired sample t test (AST, ALT, ALP, TC, TG,
LF, and HF). Data that did not have a normal distribu-
tion were presented as median (quartile range) and
analyzed by nonparametric test (y-GT, TNF-q, IL-6, and
LF/HEF). Statistical significance was assigned for p < 0.05.
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Results

Fifteen PBC patients (13 females, 2 males) were enrolled
in the study. Four patients dropped out during the study
due to poor compliance (incomplete collection of
samples). None of patients reported any adverse reac-
tions such as changes in stool frequency, palpitations, or
sweating. No patients had allergic reactions to stimula-
tion electrodes. Eleven patients underwent the trial
without any uncomfortable complaints. Because the
crossover experiment required an even sample size, 1
case was randomly removed. A total of 10 patients (8
females and 2 males) and 10 healthy volunteers (7
females and 3 males) were included in statistical analysis.
As shown in Table 1, there were no differences noted
between patients and controls in age, weight, height, or
body mass index (BMI) (p > 0.05).

Liver biochemistry
As shown in Table 2, compared with controls, the level
of serum AST, ALT, ALP, and y-GT were significantly
higher in PBC patients (0th week) than in HV (p < 0.05).
The level of serum ALP and y-GT in PBC patients were
decreased significantly after TN combined with UDCA
(P<0.05), but there was no significant difference after
sham-TN combined with UDCA (P >0.05). However,
after either TN or sham-TN treatment, there was no sig-
nificant change in serum AST and ALT (P > 0.05).
n=10; pl is PBC patients (pretreatment) compared
with controls, *p <0.05; p2 is the comparison of before
and after TN/sham-TN, *p < 0.05. TC = total cholesterol,
TG = Tryglcerides.

Lipid changes

As shown in Table 2, compared with control group, total
cholesterol (TC) in the PBC patients (pretreatment) was
higher (P<0.05), while the level of triglycerides (TG)
was not different with HV (P> 0.05). Neither TN nor
sham-TN treatment resulted in a significant change (P >
0.05) in TC or TG.

Modulation of bile acid metabolism

Plasma bile acids

As shown in Fig. 3, TCDCA, TUDCA, UDCA, GCA,
GDCA, GCDCA, and TCA were significantly higher in
PBC patients (pretreatment) than those in controls (P <
0.05). After TN combined with UDCA, 13 subtypes of
bile acids had no significant change (P >0.05). After
sham-TN combined with UDCA, the level of TUDCA
and GCA showed a downward trend (P=0.093, P=
0.053). There was no significant change in the remaining
11 subtypes of bile acids (P >0.05). These results indi-
cate there was no obvious changes in the metabolism of
serum bile acids after TN combined with UDCA.
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Table 1 Characteristic of subjects (mean + SD)

male/female age height (cm) weight (kg) BMI
PBC 2/8 5210+ 11.10 164.30 + 6.88 66.15 = 10.15 2441 + 261
Control 3/7 47.20 + 860 166.90 + 8.63 66.10 + 7.92 2373 +1.87

P1 is PBC patients (pretreatment) compared with controls, *p < 0.05.

Fecal bile acid

As shown in Fig. 4, compared with controls, the level of
CDCA in PBC patients (pretreatment) showed a non-
significant decrease (P =0.199) and GCA showed a non-
significant increase (P =0.103). There was no significant
change in the remaining 11 subtypes of bile acids. After
TN combined with UDCA, 13 subtypes of bile acids
showed no significant changes (P > 0.05). After sham-TN
combined with UDCA, the level of CA and DCA showed
an increasing trend (P=0.074, P=0.059), and the
remaining 11 subtypes of bile acids showed no signifi-
cant changes (P >0.05). These results indicated there
was no obvious change in the metabolism of fecal bile
acids after TN or sham-TN combined with UDCA.

Alteration in plasma inflammatory factor

In this study, four types of inflammatory factors, TNF-a,
IL-1B, IL-6, and IL-10 were determined. Plasma levels of
IL-1 and IL-10 were less than 5.00 pg/ml in healthy
controls and PBC patients. After TN or sham-TN
combined with UDCA, plasma levels of IL-1p and IL-10
showed no changes. Compared with controls, plasma
levels of TNF-a (40.36 +43.85 pg/ml) and IL-6 (7.43 +
6.58 pg/ml) were significantly increased in PBC patients
(pretreatment) (P < 0.05). Plasma level of TNF-a in PBC
patients (3.90(3.90 ~ 42.65) pg/ml) after TN combined
with UDCA (less than 4 pg/ml) showed a trend of
decrease (P = 0.068), which was not seen after sham-TN
combined with UDCA (3.90(3.90 ~ 14.70)pg/ml) (P >
0.05). The level of IL-6 was decreased significantly after
TN combined with UDCA (P<0.05) but not signifi-
cantly changed after sham-TN combined with UDCA
(P >0.05) (Fig. 5).

Table 2 Assessment of Liver Biochemistry and Lipids

Autonomic mechanisms of TN

As shown in Fig. 6, LF (reflecting sympathetic activity),
HF (reflecting vagal activity) and LF/HF in the PBC pa-
tients (Oth week) showed no significant difference to HV
(P >0.05). After TN/UDCA but not after sham-TN/
UDCA (P > 0.05), LF was significantly decreased, HF was
significantly increased (P < 0.05) and LF/HF were signifi-
cantly decreased (P <0.05). These results indicated that
TN therapy could enhance vagal excitability or decrease
sympathetic activity.

Discussion

The potential therapeutic effect of TN was investigated
in this study in PBC patients. TN combined with UDCA
significantly reduced ALP and y-GT in PBC patients. In
addition, TN combined with UDCA significantly
decreased sympathetic activity and sympathovagal ratio,
and increased vagal activity without significant improve-
ment in circulating and stool bile acids. These data
suggested that TN combined with UDCA might improve
the inflammatory process of PBC patients possibly via
the cholinergic anti-inflammatory pathway [23].

With the application of UDCA in the treatment of
PBC patients, the prognostic efficacy of ALP and other
biochemical markers, which are the secondary indicators
to replace primary endpoints of death and liver trans-
plantation, continues to be evaluated [24-26]. In recent
years, large-scale cohort studies of PBC in two groups
have shown that whether used to assess PBC under
discrete threshold [27] or as a continuous variable [28],
lower serum ALP levels combined with other biochem-
ical markers are associated with higher survival rate (no
liver transplantation). In the study, we found that TN
combined with UDCA significantly reduced serum ALP

Control PBC ™ sham-TN
(Oth week) before after before after

AST (U/L, mean £ SD) 23.30+4.57 37.70 £ 12.90A 37.10£14.71 3650+ 16.71 3470+ 1497 36.80 £ 19.62
ALT (U/L, mean + SD) 16.30 £ 6.41 47.30+23.16A 4640+ 27.35 3830+ 2517 38.80+2449 42.70+ 3524
ALP (U/L, mean + SD) 62.00+15.36  204.40+94.51A 191.40 +70.42 148.50 + 49.66* 17840 £ 9961 16530+ 65.75
y-GT (U/L, mean £+ SD, 22.20+8.53 287.60+176.38A  217.00 138.50 165.00 151.50
Median50(M25 ~ M75)) (126.75 ~ 418.50) (102.50 ~ 302.25)* (111.50 ~ 348.25) (91.75~314.75)
TC (mmol/l, mean+£SD)  4.58+0.53 5.87 +1.59A 6.01+127 594 +1.68 578+1.83 6.05+ 125
TG (mmol/l, mean + SD) 1.06 £0.50 132+ 0.66 143 +0.69 142 +037 128+04 1.28 £045
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Fig. 3 Modulation of Plasma Bile Acid Metabolism. a Comparison of plasma BAs in the PBC (pretreatment) group to the control group. After
statistical analysis, TCDCA, TUDCA, UDCA, GCA, GDCA, GCDCA and TCA were significantly higher in the PBC patients (pretreatment) than the
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controls (P < 0.05), and the color bars for the BAs in PBC group were browner indicating a higher level. (— 4 <= log, (x) <= 4. It is obtained from
the heat map website: https://www.metaboanalyst.ca/). b Comparison of plasma BAs in the PBC group before (P1-10) and after TN combined
with UDCA (P1.1-10.1) compared with the control group (C1-10). After TN combined with UDCA, bile acids had no significant change to
pretreatment. The color bars look similar. Visually, this indicated no obvious changes in the metabolism of serum bile acids after TN combined
with UDCA. ¢ Comparison of plasma BAs in the PBC group before (P1-10) and after sham-TN with UDCA (P1.1-10.1) with control group (C1-10).
After Sham TN combined with UDCA, bile acids had no significant change to pretreatment. The color bars look similar. Visually, this indicated no

obvious changes in the metabolism of serum bile acids after sham TN combined with UDCA

and y-GT levels in PBC patients (P<0.05), but not
sham-TN combined with UDCA. This suggests that TN
combined with UDCA is effective in the treatment of
PBC patients with poor UDCA responses.

Toxic accumulation of bile acids in hepatocytes of
PBC patients can induce oxidative stress and further
apoptosis, leading to the damage of liver parenchyma
[29, 30]. Therefore, the reduction of bile acids is a piv-
otal therapeutic target for PBC [31]. A comprehensive
analysis of bile acid profiles of PBC patients becomes
more and more important. TCDCA and GCA are posi-
tively correlated with changes of PBC stages [16]. This is
consistent with results of significantly higher glycine-
taurine conjugated bile acids of PBC patients than those
of healthy subjects. Taurine and glycine-bound bile acids

are hydrophobic molecules, showing similar cytotoxicity
[32-35]. But compared with glycine-bound bile acid,
taurine-bound bile acid can also activate cell survival
and anti-apoptotic pathways, which can prevent its in-
herent toxicity [36, 37]. However, in this study, TN
treatment did not significantly improve the bile acid pro-
file of PBC, which may be related to the long-term oral
administration of UDCA and the small number of par-
ticipants. Therefore, the regulatory effect of TN on bile
acid metabolism of PBC needs to be further explored,
such as study on PBC patients who do not take UDCA.
Although the multifaceted and complex pathogenesis
of PBC is not fully clear yet, autoimmune mechanism is
internationally recognized as an essential factor [38].
The immune response of PBC is highly specific to bile
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[10]. Recent studies have found that IL-6 plays a promo-
tive role in the occurrence and development of various
autoimmune diseases [44, 45]. A variety of immune re-
sponses are suggested to be regulated by CD4+ T cells.
Firstly, IL-6 promotes the differentiation of Th2 and
upregulates the expression of its related inflammatory
factors, thereby regulating the ratio of Th1/Th2 [46].
Secondly, IL-6 can promote the differentiation and mat-
uration of Th17 cells together with other cytokines such
as transforming growth factor-beta (TGF-f), IL-23, and
IL-1p [47]. Therefore, four inflammatory factors, TNF-a,
IL-1P, IL-6 and IL-10, were measured in PBC patients
before and after treatment. After TN combined with
UDCA, the level of IL-6 in serum was significantly lower
than that before treatment, but there was no significant
difference before and after treatment with sham-TN
combined with UDCA. The results suggest that IL-6
may be involved in the occurrence and development of

PBC. And TN combined with UDCA could improve
PBC via decreasing IL-6.

HRYV is a simple and non-invasive examination, which
can evaluate the activity of autonomic nerve, the energy-
saving ability of the body, and the influence of interven-
tions on the function of autonomic nerve in patients [48,
49]. Previous studies have shown nearly 70% of PBC pa-
tients with autonomic nervous dysfunction [50]. Some
studies suggest that 24 h-HRV analysis is more sensitive
in detecting parasympathetic and sympathetic nerve, and
autonomic nervous dysfunction is associated with the
duration and severity of PBC [51]. Previous experiments
in our group demonstrated that TN could increase vagal
activity and restore sympathetic vagal balance [9]. In this
study, we found that TN combined with UDCA therapy
changed the HRV of PBC patients, which once again
proved that TN could excite the vagal pathway. Vagus
nerve plays a key role in anti-inflammatory cholinergic
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pathway. Stimulating the vagus nerve can release acetyl-
choline [52, 53]. The release of acetylcholine can bind to
the alpha-7-nicotinic acetylcholine receptor (alpha-
7nAChR) of macrophages (such as Kupffer cells of the
liver), thus inhibiting the release of inflammatory factors
such as TNF-a, IL-1, IL-6 by macrophages [23, 54, 55].
Therefore, TN can activate the cholinergic anti-
inflammatory pathway by increasing the activity of vagus
nerve, thereby inhibiting the release of inflammatory
factors, and ultimately improving the inflammatory re-
sponse of PBC patients. On one hand, it can provide a
new and feasible non-invasive treatment as a supplement
to the clinical treatment of PBC. As patients with PBC
were in early stage with response to the UDCA, TN
combined with UDCA showed significant effect on LF/
HF ratio. So, it is reasonable to test PBC patients with
poor response to UDCA in a future clinical trial. On the
other hand, this is the first suggestion that the choliner-
gic anti-inflammatory pathway may have a role in treat-
ing PBC, and provides a new idea on the mechanism of
PBC. In this study, TN was used as a combination ther-
apy with UDCA. Whether TN can be used alone in the
treatment of PBC patients need further verification.
And, if the anti-inflammatory pathway is confirmed,
more targeted treatment could be developed. As this is a
small number clinical trial (less than 30 samples), a
crossover method was carried out to increase the
number according to the features of PBC. Indeed, more
validation experiments with increasing number of
samples still need to be carried out. In addition, on the
aspect of allocation method, although it is blind to
patients recruited to the trial with time, our physicians
responsible for the trial knew the order before recruiting
the second case. In the future study, a random method
is also needed.

Conclusion

TN combined with UDCA improved PBC via inhibition
of IL-6 and stimulation of vagal pathway. This suggests
the effect of TN combined with UDCA on PBC may be
through the cholinergic anti-inflammatory pathway.

Abbreviations

TN: Transcutaneous Neuromodulation; PBC: Primary Biliary Cirrhosis;

HV: Healthy Volunteers; UDCA: Ursodeoxycholic Acid; Bas: Bile Acids; IL-

1B: Interleukin-1; IL-6: Interleukin-6; IL-10: Interleukin-10; TNF-a: Tumor
Necrosis Factor-a; ALP: Alkaline Phosphatase; y-GT: y-glutamyltransferase;
ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; TC: Total
Cholesterol; TG: Triglyceride; HRV: Heart Rate Variability;

TUDCA: Tauroursodeoxycholic Acid; TCA: Taurocholic Acid;

TCDCA: Taurochenodeoxycholic Acid; TDCA: Taurodeoxycholic Acid;

CDCA: Chenodeoxycholic Acid; CA: Cholic Acid; LCA: Lithocholic Acid;
TLCA: Taurolithic Acid; GCDCA: Glyco-eodeoxycholic Acid; GCA: Glycocholic
Acid; GDCA: Glycodeoxycholic Acid; DCA: Deoxycholic Acid; LF: Low-
frequency; HF: High-frequency; Th1: T helper type 1 cell; Th2: T helper type 2
cell; Th17: T helper type 17 cell; TGF-B: Transforming Growth Factor-beta

(2020) 20:242

Page 10 of 12

Acknowledgements
Not applicable.

Authors’ contributions

Conceiving and designing the experiments: DZJ, YH2. Acquired the data:
YH1, YH2, WLX. Tested the data: SHG, LBJ, LX. Analyzing the data: YH1.
Contributing reagents/materials tools, Neuromodulator, and methods of
Neuromodulator: DZJ, CJD, and CQY. Writing and revising paper: YH1 and
YH2. All authors have approved the final version of the manuscript. *YH1 is
Hui Yang. YH2 is Hang Yang.

Funding

This work was supported by the Dalian Leading Talent Program Funding
Project under Grant [number 2018C014]. The awarder of this funding is
Dalian Municipal Government and the recipient is Zhijun Duan. The fund
had no role in the design of the study, collection, analysis, interpretation of
data, or writing the manuscript.

Availability of data and materials

The datasets of the current study are available and can be provided upon
reasonable requests from the corresponding author-Zhijun Duan (cathydoc-
tor@sina.com).

Ethics approval and consent to participate

The study protocol was approved by the ethics committee of the First
Affiliated Hospital of Dalian Medical University (number PJ-KY-2017-113(X))
and registered in Chinese Clinical Trial Registry (number ChiCTR1800014633).
All participants in the study signed the informed consent form and were free
to quit the study at any time for any reasons.

Consent for publication
Not applicable.

Competing interests
The authors report no conflicts of interest.

Author details

"The Second Department of Gastroenterology, The First Affiliated Hospital of
Dalian Medical University, No. 222 Zhongshan Road, Dalian 116011, Liaoning,
China. “Department of Gastroenterology, West China Hospital, Sichuan
University, No. 37, Guo Xue Xiang, Wu Hou District, Chengdu 610041, China.
*The Second Department of Neurosurgery, Affiliated Zhongshan Hospital of
Dalian University, No. 6 Jiefang Street, Dalian 116001, Liaoning, China.
“Division of Gastroenterology and Hepatology, Johns Hopkins Center for
Neurogastroenterology, Baltimore, MD 21224, USA.

Received: 1 November 2019 Accepted: 24 July 2020
Published online: 01 August 2020

References

1. Yang H, Duan Z Bile acids and the potential role in primary biliary cirrhosis.
Digestion. 2016,94(3):145-53.

2. Wang L, Gershwin ME, Wang FS. Primary biliary cholangitis in China. Curr
Opin Gastroenterol. 2016;32(3):195-203.

3. Pares A, Caballeria L, Rodes J. Excellent long-term survival in patients with
primary biliary cirrhosis and biochemical response to ursodeoxycholic acid.
Gastroenterology. 2006;130(3):715-20.

4. Onofrio FQ, Hirschfield GM, Gulamhusein AF. A practical review of primary
biliary cholangitis for the gastroenterologist. Gastroenterol Hepatol. 2019;
15(3):145-54.

5. Koopman FA, Chavan SS, Miljko S, Grazio S, Sokolovic S, Schuurman PR,
Mehta AD, Levine YA, Faltys M, Zitnik R, et al. Vagus nerve stimulation
inhibits cytokine production and attenuates disease severity in rheumatoid
arthritis. Proc Natl Acad Sci U S A. 2016;113(29):8284-9.

6. Bonaz B, Sinniger V, Hoffmann D, Clarencon D, Mathieu N, Dantzer C,
Vercueil L, Picq C, Trocme C, Faure P, et al. Chronic vagus nerve stimulation
in Crohn's disease: a 6-month follow-up pilot study. Neurogastroenterol
Motil. 2016,28(6):948-53.

7. Abell TL, Chen J, Emmanuel A, Jolley C, Sarela Al, Tornblom H.
Neurostimulation of the gastrointestinal tract: review of recent
developments. Neuromodulation. 2015;18(3):221-7 discussion 227.


mailto:cathydoctor@sina.com
mailto:cathydoctor@sina.com

Yang et al. BMC Complementary Medicine and Therapies

20.
21.

22.

23.

24.

25.

26.

27.

28.

JiT, Li X Lin L, Jiang L, Wang M, Zhou X, Zhang R, Chen J. An alternative to
current therapies of functional dyspepsia: self-administrated transcutaneous
electroacupuncture improves dyspeptic symptoms. Evid Based Complement
Altern Med. 2014;2014:832523.

Zhang N, Huang Z, Xu F, Xu Y, Chen J, Yin J, Lin L, Chen JD. Transcutaneous
Neuromodulation at posterior Tibial nerve and ST36 for chronic
constipation. Evid Based Complement Altern Med. 2014;2014:560802.
Zhang B, Xu F, Hu P, Zhang M, Tong K, Ma G, Xu Y, Zhu L, Chen JDZ
Needleless transcutaneous electrical Acustimulation: a pilot study evaluating
improvement in post-operative recovery. Am J Gastroenterol. 2018;113(7):
1026-35.

Wang L, Gong B, Zhu LL, Zhuo LS, Li XZ, Zhang QS, Wu F. Influence of
electroacupuncture stimulation on serum and hepatic interleukin-18
expression in nonalcoholic fatty liver rats. Zhen ci yan jiu. 2013;38(3):208-13.
Ge Z, Duan Z, Yang H, Zhang S, Zhang S, Wang L, Yang D, Sun X, Zhang Z,
Su L, et al. Home-based transcutaneous Neuromodulation improved
constipation via modulating gastrointestinal hormones and bile acids. Evid
Based Complement Altern Med. 2018;2018:2086163.

Song J, Yin J, Chen J. Needleless transcutaneous electroacupuncture
improves rectal distension-induced impairment in intestinal motility and
slow waves via vagal mechanisms in dogs. Int J Clin Exp Med. 2015;8(3):
4635-46.

Song S, An J, Li'Y, Liu S. Electroacupuncture at ST-36 ameliorates DSS-
induced acute colitis via regulating macrophage polarization induced by
suppressing NLRP3/IL-Tbeta and promoting Nrf2/HO-1. Mol Immunol. 2019;
106:143-52.

Poupon RE, Chretien Y, Poupon R, Paumgartner G. Serum bile acids in
primary biliary cirrhosis: effect of ursodeoxycholic acid therapy. Hepatology.
1993;17(4):599-604.

Trottier J, Bialek A, Caron P, Straka RJ, Heathcote J, Milkiewicz P, Barbier O.
Metabolomic profiling of 17 bile acids in serum from patients with primary
biliary cirrhosis and primary sclerosing cholangitis: a pilot study. Dig Liver
Dis. 2012,44(4):303-10.

Takeyama Y, Sakisaka S. Hepatobiliary membrane transporters in primary
biliary cirrhosis. Hepatol Res. 2012;42(2):120-30.

Wang L, Wang J, Shi Y, Zhou X, Wang X, Li Z, Huang X, Wang J, Han Z Li T,
et al. Identification of a primary biliary cirrhosis associated protein as
lysosome-associated membrane protein-2. J Proteome. 2013,91:569-79.
Wiest R, Albillos A, Trauner M, Bajaj JS, Jalan R. Targeting the gut-liver axis in
liver disease. J Hepatol. 2017;67(5):1084-103.

Clinical Practice Guidelines EASL. The diagnosis and management of
patients with primary biliary cholangitis. J Hepatol. 2017;,67(1):145-72.

Lu CL, Zou X, Orr WC, Chen JD. Postprandial changes of sympathovagal
balance measured by heart rate variability. Dig Dis Sci. 1999;44(4):857-61.
Zhou J, Li S, Wang Y, Foreman RD, Yin J, Zhang S, Chen JDZ. Inhibitory
effects and mechanisms of Electroacupuncture via chronically implanted
electrodes on stress-induced gastric hypersensitivity in rats with neonatal
treatment of lodoacetamide. Neuromodulation. 2017;20(8):767-73.

Pavlov VA, Wang H, Czura CJ, Friedman SG, Tracey KJ. The cholinergic anti-
inflammatory pathway: a missing link in neuroimmunomodulation. Mol
Med. 2003;9(5-8):125-34.

Corpechot C, Abenavoli L, Rabahi N, Chretien Y, Andreani T, Johanet C,
Chazouilleres O, Poupon R. Biochemical response to ursodeoxycholic acid
and long-term prognosis in primary biliary cirrhosis. Hepatology. 2008:48(3):
871-7.

Corpechot C, Chazouilleres O, Poupon R. Early primary biliary cirrhosis:
biochemical response to treatment and prediction of long-term outcome. J
Hepatol. 2011,55(6):1361-7.

Kuiper EM, Hansen BE, de Vries RA, den Ouden-Muller JW, van Ditzhuijsen
TJ, Haagsma EB, Houben MH, Witteman BJ, van Erpecum KJ, van Buuren HR.
Improved prognosis of patients with primary biliary cirrhosis that have a
biochemical response to ursodeoxycholic acid. Gastroenterology. 2009;
136(4):1281-7.

Carbone M, Mells GF, Pells G, Dawwas MF, Newton JL, Heneghan MA,
Neuberger JM, Day DB, Ducker SJ, Sandford RN, et al. Sex and age are
determinants of the clinical phenotype of primary biliary cirrhosis and
response to ursodeoxycholic acid. Gastroenterology. 2013;144(3):560-569.
€567 quiz e513-564.

Lammers WJ, van Buuren HR, Hirschfield GM, Janssen HL, Invernizzi P,
Mason AL, Ponsioen CY, Floreani A, Corpechot C, Mayo MJ, et al. Levels of
alkaline phosphatase and bilirubin are surrogate end points of outcomes of

(2020) 20:242

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

Page 11 of 12

patients with primary biliary cirrhosis: an international follow-up study.
Gastroenterology. 2014;147(6):1338-1349.e1335 quiz e1315.

Pusl T, Beuers U. Ursodeoxycholic acid treatment of vanishing bile duct
syndromes. World J Gastroenterol. 2006;12(22):3487-95.

Monte MJ, Marin JJ, Antelo A, Vazquez-Tato J. Bile acids: chemistry,
physiology, and pathophysiology. World J Gastroenterol. 2009;15(7):804-16.
Paumgartner G. Pharmacotherapy of cholestatic liver diseases. J Dig Dis.
2010;11(3):119-25.

Sharma R, Majer F, Peta VK, Wang J, Keaveney R, Kelleher D, Long A, Gilmer
JF. Bile acid toxicity structure-activity relationships: correlations between cell
viability and lipophilicity in a panel of new and known bile acids using an
oesophageal cell line (HET-1A). Bioorg Med Chem. 2010;18(18):6886-95.
Komichi D, Tazuma S, Nishioka T, Hyogo H, Chayama K.
Glycochenodeoxycholate plays a carcinogenic role in immortalized mouse
cholangiocytes via oxidative DNA damage. Free Radic Biol Med. 2005;39(11):
1418-27.

Jaeschke H, Gores GJ, Cederbaum Al, Hinson JA, Pessayre D, Lemasters JJ.
Mechanisms of hepatotoxicity. Toxicol Sci. 2002,65(2):166-76.

Benz C, Angermuller S, Otto G, Sauer P, Stremmel W, Stiehl A. Effect of
tauroursodeoxycholic acid on bile acid-induced apoptosis in primary
human hepatocytes. Eur J Clin Investig. 2000;30(3):203-9.

Hirano F, Haneda M, Makino I. Chenodeoxycholic acid and
taurochenodexycholic acid induce anti-apoptotic clAP-1 expression in
human hepatocytes. J Gastroenterol Hepatol. 2006;21(12):1807-13.

Rust C, Karnitz LM, Paya CV, Moscat J, Simari RD, Gores GJ. The bile acid
taurochenodeoxycholate activates a phosphatidylinositol 3-kinase-
dependent survival signaling cascade. J Biol Chem. 2000;275(26):20210-6.
Invernizzi P, Lleo A, Podda M. Interpreting serological tests in diagnosing
autoimmune liver diseases. Semin Liver Dis. 2007;27(2):161-72.

Kaplan MM, Gershwin ME. Primary biliary cirrhosis. N Engl J Med. 2005;
353(12):1261-73.

Harada K, Nakanuma Y. Molecular mechanisms of cholangiopathy in
primary biliary cirrhosis. Med Mol Morphol. 2006;39(2):55-61.

Harada K, Tsuneyama K, Yasoshima M, Kanemori Y, Ohta H, Masuda S, Onai
N, Matsushima K, Nakanuma Y. Type1 and type2 memory T cells imbalance
shown by expression of intrahepatic chemokine receptors relates to
pathogenesis of primary biliary cirrhosis. Hepatol Res. 2002,24(3):290.
Nagano T, Yamamoto K, Matsumoto S, Okamoto R, Tagashira M, Ibuki N,
Matsumura S, Yabushita K, Okano N, Tsuji T. Cytokine profile in the liver of
primary biliary cirrhosis. J Clin Immunol. 1999;19(6):422-7.

Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina GI, Watkins LR,
Wang H, Abumrad N, Eaton JW, Tracey KJ. Vagus nerve stimulation
attenuates the systemic inflammatory response to endotoxin. Nature.
2000;405(6785):458-62.

Yao X, Huang J, Zhong H, Shen N, Faggioni R, Fung M, Yao Y. Targeting
interleukin-6 in inflammatory autoimmune diseases and cancers. Pharmacol
Ther. 2014;141(2):125-39.

Tanaka T, Narazaki M, Ogata A, Kishimoto T. A new era for the treatment of
inflammatory autoimmune diseases by interleukin-6 blockade strategy.
Semin Immunol. 2014;26(1):88-96.

Devaraj S, Valleggi S, Siegel D, Jialal I. Role of C-reactive protein in
contributing to increased cardiovascular risk in metabolic syndrome. Curr
Atheroscler Rep. 2010;12(2):110-8.

Gray S, Kim JK. New insights into insulin resistance in the diabetic heart.
Trends Endocrinol Metab. 2011;22(10):394-403.

Oh J, Cho D, Park J, Na SH, Kim J, Heo J, Shin CS, Kim JJ, Park JY, Lee
B. Prediction and early detection of delirium in the intensive care unit
by using heart rate variability and machine learning. Physiol Meas. 2018;
39(3):035004.

Zhou J, Li S, Wang Y, Lei Y, Foreman RD, Yin J, Chen JD. Effects and
mechanisms of auricular electroacupuncture on gastric hypersensitivity in a
rodent model of functional dyspepsia. PLoS One. 2017;12(3):e0174568.
Newton JL, Hudson M, Tachtatzis P, Sutcliffe K, Pairman J, Burt JA, Jones DE.
Population prevalence and symptom associations of autonomic dysfunction
in primary biliary cirrhosis. Hepatology. 2007;45(6):1496-505.

Keresztes K, Istenes |, Folhoffer A, Lakatos PL, Horvath A, Csak T, Varga P,
Kempler P, Szalay F. Autonomic and sensory nerve dysfunction in primary
biliary cirrhosis. World J Gastroenterol. 2004;10(20):3039-43.

Bonaz B, Picq C, Sinniger V, Mayol JF, Clarencon D. Vagus nerve stimulation:
from epilepsy to the cholinergic anti-inflammatory pathway.
Neurogastroenterol. 2013;25(3):208-21.



Yang et al. BMC Complementary Medicine and Therapies (2020) 20:242

53.  Ohira H, Matsunaga M, Osumi T, Fukuyama S, Shinoda J, Yamada J, Gidron
Y. Vagal nerve activity as a moderator of brain-immune relationships. J
Neuroimmunol. 2013;260(1-2):28-36.

54. Wang H, Yu M, Ochani M, Amella CA, Tanovic M, Susarla S, Li JH, Wang H,
Yang H, Ulloa L, et al. Nicotinic acetylcholine receptor alpha7 subunit is an
essential regulator of inflammation. Nature. 2003;421(6921):384-8.

55.  Pavlov VA, Tracey KJ. Neural circuitry and immunity. Immunol Res. 2015;
63(1-3):38-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study participants
	Study design
	TN treatment
	Blood draw and assay
	Assessment of autonomic function

	Statistical analysis

	Results
	Liver biochemistry
	Lipid changes
	Modulation of bile acid metabolism
	Plasma bile acids
	Fecal bile acid

	Alteration in plasma inflammatory factor
	Autonomic mechanisms of TN

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

