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Abstract

Pruritus, or itch, is a frequent complaint amongst patients with cholestatic hepatobiliary disease and is
difficult to manage, with many patients refractory to currently available antipruritic treatments. In this
study, we examined whether manual acupuncture (MA) at particular acupoints represses deoxycholic
acid (DCA)-induced scratching behavior and microglial activation and compared these effects with those
induced by another pruritogen, 5’-guanidinonaltrindole (GNTI, a kappa opioid receptor antagonist). MA
at Hegu (LI4) and Quchi (LIT11) acupoints significantly attenuated DCA- and GNTI-induced scratching,
whereas no such effects were observed at the bilateral Zusanli acupoints (ST36). Interestingly,
GNTl-induced scratching was reduced similarly by both MA and electroacupuncture (EA) at the LI4 and
LITT acupoints. MA at non-acupoints did not affect scratching behavior. Intraperitoneal injection of
minocycline (a microglial inhibitor) reduced GNTI- and DCA-induced scratching behavior. In Western
blot analysis, subcutaneous DCA injection to the back of the neck increased spinal cord expression of
ionized calcium-binding adapter molecule 1 (Ibal) and tumor necrosis factor-alpha (TNF-a) as compared
with saline injection, while MA at LI4 and LII1 reduced these DCA-induced changes.
Immunofluorescence confocal microcopy revealed that DCA-induced lbal-positive cells with thicker
processes emanated from the enlarged cell bodies, while this effect was attenuated by pretreatment with
MA. It is concluded that microglia and TNF-a play important roles in the itching sensation and MA
reduces DCA-induced scratching behavior by alleviating spinal microglial activation. MA may be an
effective treatment for cholestatic pruritus.
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Introduction

Pruritus is an unpleasant sensation that elicits  infection [5]. The pathogenesis of pruritus in

the desire or reflex to scratch [1] and is often
associated with several disorders, such as atopic
dermatitis [2], cholestasis [3], and uremic disease [4].
Pruritus is a troublesome symptom in patients with
cholestatic liver disease, such as primary biliary
cirrhosis, primary sclerosing cholangitis, intrahepatic
cholestasis of pregnancy, and hepatitis C virus

cholestasis is uncertain, but some believe that bile acid
accumulation may be the cause [6-8]. Levels of bile
acids are elevated in serum and tissue during
cholestasis and bile acids act as a pruritogen, which
may diffuse from the systemic circulation into the skin
[9]. Support for this theory comes from the fact that
application of bile acids to the skin causes itch [7, 8]
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and one study has suggested that cholestatic pruritus
is mediated by the bile acid-activated receptor, the
G-protein-coupled receptor, TGR5, expressed by
peptidergic neurons of mouse dorsal root ganglia and
spinal cord [10]. It is well known that pruritus can be
profoundly debilitating; orthotopic liver transplan-
tation may be the only option for severe and
intractable pruritus [11]. Further investigations are
warranted into the causative mechanism and optimal
treatment of cholestatic pruritus.

Microglia are central nervous system
(CNS)-residing macrophages of erythromyeloid
origin that are known to play immunoregulatory roles
within the CNS [12]. In animal models of neuropathic
pain in which a peripheral nerve is damaged,
microglia become activated in the spinal dorsal horn.
Morphologically,  their cell bodies become
hypertrophic with thickened and retracted processes,
and cell numbers are increased [13]. Spinal microglia
dramatically alter the expressions of many genes,
including integrins, ionized calcium-binding adapter
molecule-1 (Ibal), neurotransmitter receptors and
intracellular kinases [14]. Activation of microglia
releases a series of bioactive molecules, such as
interleukin-1§ (IL-1B), IL-6, tumor necrosis factor
(TNF)-a, proteases, brain-derived neurotrophic factor,
and reactive oxygen species [15-17]. Recent research
indicates that both compound 48/80 and
5-guanidinonaltrindole (GNTI) elicit pronounced
scratching behavior and microglial activation in
mouse spinal cord [18]. Previous studies have
revealed the involvement of spinal microglia in
pruritogen-induced itching, but their role in
cholestatic pruritus is unclear.

Some studies have shown that acupuncture
reduces histamine-induced itch in healthy volunteers
[19, 20] and that both manual acupuncture (MA) and
electroacupuncture (EA), but not pseudoacupuncture,
reduce the maximal intensity of itch when applied to
the site of histamine injection [21]. In our previous
study, we found that EA at the Hegu (LI4) and Quchi
(LI11), but not at the Zusanli acupoints (ST36),
reduces pruritogen-induced scratching behavior in
mice and microglial activation in mouse spinal cord
[22]. In the present study, we examined whether MA
(acupuncture without electrical stimulation) reduces
deoxycholic acid (DCA)-induced scratching behavior
and we compared the effects of MA with those of EA.
We sought to define the relationship between MA and
microglial activation in mouse spinal cord.

Materials and methods

Animals

We housed male ICR mice (25-30 g; BioLasco
Taiwan Co., Ltd, Taiwan) in our animal facility under

a 12:12 light/ dark cycle with food and water available
ad libitum for at least 4 days prior to the experiments,
which were conducted between 10:00-18:00 h. China
Medical University’s Institutional Animal Care and
Use Committee approved the experimental protocol,
which was conducted according to guidance released
by the Chinese Taipei Society of Laboratory Animal
Sciences.

Electroacupuncture (EA) and manual
acupuncture (MA)

EA procedures followed previously described
experiments [23]. Mice were individually acclimated
in rectangular observation boxes for 1 h before being
anesthetized with 1.5% isoflurane. Under anesthesia,
stainless steel acupuncture needles were inserted 2
mm deep at bilateral Zusanli points (ST-36), located at
the proximal 1/5 site of the craniolateral surface of the
leg, distal to the head of the tibia, in a depression
between the muscles of the cranial tibia and the long
digital extensor [24]. A non-acupoint was selected in
the middle of the lateral deltoid muscle. In the itch
study, a pair of stainless steel acupuncture needles
was inserted 2 mm deep into the Hegu (LI4) and
Quchi (LI11) acupoints. The murine LI4 is located on
the dorsum of the hand, radial to the midpoint of the
second metacarpal bone in the forefoot. The murine
LI11 is located in the depression on the lateral end of
the cubital crease, when the elbow is fully flexed [25].
EA stimuli were delivered by an EA Trio 300
stimulator (Ito, Japan) at an intensity of 2 mA for 20
min at 2 Hz, using a 150 ps pulse width [26]. The MA
procedures were the same as those in the EA protocol,
without electrical stimulation.

Pruritogen-evoked scratching behavior

Mice were injected subcutaneously (s.c.) with
saline, GNTI (0.3 mg/kg) or DCA (8.3 mg/kg) to the
back of the neck. Scratching bouts were video
recorded and counted manually for 40 min, to
minimize the effects of anesthesia [26, 27-31]. All test
agents were administered in a dose volume of 10
mL/kg. Each bout involved a series of scratching
behaviors: the stretching of the hind paw to the head,
face, or back, rapid movement of the hind paw several
times, then the moving of the paw to the floor.

Western blot analysis of Ibal and TNF-a levels

Ibal and TNF-a protein levels were determined
by Western blot analysis, using the methods reported
previously [32], with some modifications. Spinal cord
segments from cervical C5 to C8 were extracted and
cut into two halves (dorsal and ventral). Tissue
obtained from the dorsal horn side was used for
Western blot analysis. Tissue samples were
homogenized in radioimmunoprecipitation assay
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buffer (RIPA Buffer) containing protease inhibitors
and phosphatase inhibitors. Each sample of protein
concentration was evaluated using a Pierce BCA
Protein Assay Kit. Proteins (30 pg) were resolved by
8-12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis  (SDS-PAGE) under reducing
conditions and the gel was transferred to
polyvinylidene difluoride (PVDF) membranes, then
incubated overnight at4° C with Ibal (1:1000; ab5076;
Abcam) antibody or TNF-a (1:1000; ab9739; Abcam)
diluted in Tris-buffered saline (TBS) and probed with
B-actin antibody (1:10000; GTX629630; GeneTex) as a
standard. Membranes were incubated with secondary
antibody (1:10,000; anti-rabbit IgG-HRP sc-2004;
anti-mouse IgG-HRP sc-2005; or anti-goat IgG-HRP
sc-2020; SantaCruz). Protein bands were detected and
estimated.

Analysis of Ibal localization by confocal image
analysis

Immunofluorescence confocal microscopy was
performed according to the method described by Lin
et al. (2016, 2018), with some modifications [23, 33].
Tissue samples from C5-C8 spinal segments were
blocked by PBS containing donkey serum 0.5% BSA
and 0.4% Triton X-100 before being treated with Ibal
(1:500, #ab5076; Abcam) antibodies for 1 day. Sections
were then incubated with Cy™3 AffiniPure Donkey
Anti-Goat IgG (H+L) (1:250, 705-165-003, Jackson
ImmunoResearch Inc.) for 1 h, mounted on slides with
ProLong™ Gold antifade mountant (Thermo Fisher
Scientific Inc.) and the coverslip was sealed with nail
polish. Images were taken by a confocal microscope
(model SP8 TCS; Leica, Heidelberg, Germany).

Statistics

Results are expressed as the means =+ standard
error of the mean (S.E.M.). Statistical significance was
analyzed using the Student's f-test or one-way
analysis of variance (ANOVA), followed by a post hoc
Dunnett's multiple comparison test to determine
statistically significant between-group differences. P <
0.05 was considered significant.

Results

Effects of MA or EA on GNTI-induced
scratching behavior

During the 40 min of assessment after s.c. GNTI
administration (0.3 mg/kg), the mean number of
scratching bouts was significantly reduced by both
MA and EA at L4 and LI11, compared with
scratching in the control group, while MA at
non-acupoints had no such effects (Fig. 1A). However,
bilateral application of MA or EA at the ST-36
acupoints failed to reduce the mean number of

scratches, compared with mice treated with GNTI
alone (Fig. 1B).

A

600 =

500

—
—

400

300 T T

200

Mean number of scratches + S.E.M.

T T T T
GNTI GNTI GNTI GNTI
+MA-LI4, LI11 +EA-LI4, LI11  +MA-NAP

N=14 N=14 N=14 N=14

600

500

—
—

400 T

300

200 A

Mean number of scratches + S.E.M.

GNTI GNTI GNTI

+MA-ST36 +EA-ST36
N=8 N=6 N=6

Figure 1. Effects of MA and EA on GNTI-induced scratching behavior. (A)
MA or EA was applied to LI4 and LI11 acupoints 30 min before GNTI administration
(0.3 mg/kg, s.c.) to the back of the neck. The number of scratching bouts was counted
for 40 min after GNTI injection. Both MA and EA at LI4 and LIl significantly
attenuated GNTl-induced scratching behavior compared with scratching in the
control group. Between-group comparisons for each group were performed by
ANOVA, followed by the Dunnett's test (*P < 0.05; the GNTIl-only group served as
the reference group). MA at non-acupoints had no effect upon scratching. (B) MA or
EA was applied to bilateral ST36 acupoints 20 min before GNTI administration. The
mean number of scratching bouts was counted for 40 min after GNTI injection.
Neither MA nor EA at ST-36 reduced scratching behavior. NAP = Non-acupoint.

Effects of MA on DCA-induced scratching
behavior

Compared with saline treatment, DCA (8.3
mg/kg) alone significantly increased the mean
number scratches over the 40-min measurement
period; this increase was significantly attenuated in
mice treated with MA at LI4 and LI11 20 min prior to
DCA administration, whereas MA at non-acupoints
had no such effects (Fig. 2).
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Figure 2. Effects of MA on DCA-induced scratching behavior. Mice were
treated with saline, DCA (8.3 mg/kg) alone or in combination with MA to LI4 and
LIT1, or DCA plus MA at non-acupoints, and the number of scratching bouts was
counted for 40 min in each group. DCA treatment increased scratching behavior
compared with saline treatment. MA at LI4 and LII1 20 min prior to DCA
administration attenuated DCA-induced scratching behavior. MA at non-acupoints
had no effect upon scratching. Between-group comparisons for each group were
performed by ANOVA, followed by the Dunnett's test (*P < 0.05; ***P < 0.001; the
DCA-only group served as the reference group). NAP = Non-acupoint.
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Figure 3. The effects of minocycline (6-60 mg/kg) upon GNTI-induced
scratching behavior. Mice were pretreated with saline or minocycline 6 mg/kg, 20
mg/kg, or 60 mg/kg 20 min before GNTI administration. The number of scratching
bouts was counted for 40 min in each group. Minocycline (20 mg/kg and 60 mg/kg)
dose-dependently reduced GNTI-induced scratching behavior. Between-group
comparisons for each minocycline-treated group versus GNTI-treated animals were
performed by ANOVA, followed by the Dunnett's test (**P < 0.01; ***P < 0.001; the
GNTl-only group served as the reference group).

reduced the mean number of scratches induced by s.c.
GNTI (0.3 mg/kg) (Fig. 3).

Minocycline reduces GNTI-induced scratching
behavior, with no further benefit from MA
treatment

Pretreatment  with  intraperitoneal  (i.p.)
minocycline (20 mg/kg) 20 min prior to s.c. GNTI
administration significantly reduced the numbers of
scratching bouts compared with those associated with
GNTI alone. The addition of MA treatment did not
apparently further improve the reduction in

scratching behavior in mice pretreated with
minocycline (Fig. 4).
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Figure 4. Minocycline alone reduces GNTIl-induced scratching behavior,
with no further reductions after the addition of MA. Mice were pretreated
with minocycline (20 mg/kg) with or without MA at LI4 and LI11 20 min before GNTI
administration. Mice administered GNTI alone served as controls. The number of
scratching bouts was counted for 40 min in each group. Scratching behavior was
reduced by similar amounts in both minocycline-treated groups; MA did not further
improve the reduction in GNTl-induced scratching behavior. Between-group
comparisons for each group were performed by ANOVA, followed by the Dunnett's
test (**P < 0.01; ***P < 0.001; the GNTI-only group served as the reference group).

Effects of minocycline pretreatment upon
GNTlIl-induced scratching behavior

Minocycline is considered to be a specific
inhibitor of microglial activation [34]. Intraperitoneal
injection of minocycline at doses of 6 mg/kg, 20
mg/kg, and 60 mg/kg was applied 20 min prior to
GNTI administration. Minocycline 20 mg/kg and 60
mg/kg dosages dose-dependently and significantly

Effects of minocycline pretreatment upon
DCA-induced scratching behavior

Intraperitoneal injections of minocycline at doses
of 20 mg/kg and 60 mg/kg were administered 20 min
prior to DCA administration (8.3 mg/kg). Compared
with saline pretreatment, both pretreatment doses of
minocycline (20 and 60 mg/kg) resulted in
significantly lower mean numbers of DCA-induced
scratches (Fig. 5); this minocycline-induced reduction
appeared to be dose-dependent.

MA pretreatment reduces DCA-induced Ibal
and TNF-a expression in dorsal horn spinal
cord tissue

Western blotting was performed to verify that
MA suppresses DCA-induced microglial activation.
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Spinal Ibal and TNF-o levels were significantly
increased after DCA injection, as shown in Fig. 6 & 7.
In contrast, Ibal and TNF-a levels in mice pretreated
with MA closely matched respective levels in the
saline group.
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Figure 5. The effects of different doses of minocycline (20-60 mg/kg) upon
DCA (8.3 mg/kg)-induced scratching. Mice were pretreated with saline or
minocycline (20 mg/kg and 60 mg/kg) 20 min before DCA administration. The number
of scratches was then counted for 40 min in each group. Minocycline reduced
DCA-induced scratching behavior, in a dose-dependent manner. Between-group
comparisons for each group were performed by ANOVA, followed by the Dunnett's
test (¥*P < 0.01; ***P < 0.001; the Saline+*DCA group served as the reference group).
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Figure 7. Pretreatment with MA reduced DCA-induced TNF-a
expression in Western blot analysis. Spinal cord tissue from the dorsal horn
dorsal horn (C5-C8) showed that DCA increased TNF-o expression compared with
saline-treated tissue. Pretreatment with MA reduced DCA-induced TNF-a
expression. Between-group comparisons for each group were performed by
ANOVA, followed by the Dunnett's test (*P < 0.05; **P < 0.01; the DCA-only group
served as the reference group).

Saline DCA DCA+MA

Ibal | " S ———

B-actin

160 -

o
o
%

140

120

100 A T

80

60

% of Saline group

40 4

20 A

DCA DCA+MA

Figure 6. Pretreatment with MA reduced DCA-induced Ibal expression in
Western blot analysis. Spinal cord tissue from the dorsal horn (C5-C8) showed
that DCA increased Ibal expression compared with saline-treated tissue;
pretreatment with MA reduced DCA-induced Ibal expression. Between-group
comparisons for each group were performed by ANOVA, followed by the Dunnett's
test (*P < 0.05; ***P < 0.001; the DCA-only group served as the reference group).
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MA at LI4 and LI11 reduced DCA-induced
spinal microglia activation using
immunofluorescence confocal microcopy

The dorsal horn area was evaluated from
cervical spinal cord sections. Ibal-stained tissue from
saline-treated animals was characterized by small,
weakly-stained cell bodies with several thin processes
scattered throughout the gray and white matter (Fig.
8). In the DCA-treated animals, we found numerous
strongly Ibal*-labeled cells in both the gray and the
white matter in the dorsal horn (Fig. 8); thick
processes emanated from the enlarged cell bodies.
Tissue from the DCA+MA (LI4, LI11) group had
weakly-stained Ibal*-labeled cell bodies with thinner
processes compared to cells from the DCA group.

Discussion

We have previously reported that EA at LI4 and
LI11 attenuates pruritogen-induced scratching
behavior [22]. In the present study, we show that MA
without electrical stimulation at LI4 and LI11
attenuated GNTI- and DCA-induced scratching
behavior, as did i.p. injections of the microglial
inhibitor, minocycline. In Western blot analysis,
spinal Ibal and TNF-a expression levels were
increased in DCA-treated mice, but MA at LI4 and
LI11 reversed TNF-a expression. This is the first
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Figure 8. Ibal expression in the dorsal horn of spinal cord was assessed by immunofluorescence confocal microscopy. Representative immunofluorescent
photomicrographs of Ibal expression in the cervical C5—C8 dorsal horn segments are shown from 3 groups; Saline, DCA, and DCA+MA. The lower panels depict enlarged Ibal

images from their respective areas, as indicated by arrows.

report to show that MA treatment attenuates
DCA-induced scratching behavior as well as spinal
microglial and TNF-a activation, which suggests that
acupuncture has an antipruritic effect in cholestatic
pruritus.

Several clinical reports have described the
effectiveness of acupuncture for the treatment of itch
in humans [19, 21, 35-38]. Acupuncture stimulation is
considered to be an effective antipruritic treatment if
administered to dermatomes corresponding to
affected sites or to adjacent dermatomes, supposedly
due to kappa-opioid receptor activation [26].
Pharmacologic therapy is the mainstay of treatment
for the management of cholestatic pruritus, according
to recommendations issued by the American
Association for the Study of Liver Disease and the
European Association for the Study of the Liver.
However, these medications are often limited by
adverse effects and lack of therapeutic efficacy.
Acupuncture may be an effective therapy for
cholestatic pruritus. It is believed that AB, As and C
afferent fibers mediate MA signaling to the spinal
cord [39]. According to the results of the present
study, MA reduces the intensity of cholestatic
pruritus with the same potency of EA.

Emerging evidence suggests that microglia are
involved in itch processing. Zhang et al. [18] used
GNTI and compound 48/80 (a mast cell activator) to
induce itch and scratching in mice, and observed
marked increases in spinal CD11b and phospho-p38
expression [18]. Further research has clarified that
activated spinal cord microglia play a role in the
development of 2,4-dinitrofluorobenzene (DNFB)-
induced pruritus using the same FKN/CX3CR1l/
p38MAPK signaling pathways that participate in the
development of neuropathic pain [40]. EA at LI4 and

LI11 reduced GNTI-induced expression of Ibal and
phospho-p38 in spinal cord [22]. Microglia are
activated in the spinal cord under acute scratching
induced by pruritogens (GNTI and compound 48/80)
and DNFB-induced chronic itch in mice. Thus, levels
of Ibal and phospho-p38 expression can be regarded
as markers of microglial activation.

Alemi et al. [10] detected TGR5 in peptidergic
neurons of mouse dorsal root ganglion and spinal
cord and they observed that the TGRS receptor
mediates bile acid-induced itch and analgesia. They
propose the following mechanism for DCA-induced
itch: bile acids activate TGR5 on sensory nerves,
stimulating the release of neuropeptides in the spinal
cord, which subsequently induce the release of
gastrin-releasing peptide and opioids from spinal
neurons [10]. The relationship between DCA-induced
itch and microglia has not been clear. In our study, we
investigated the potential role of microglia in a mouse
model of cholestatic pruritus. Minocycline, an
antibiotic of the tetracycline family, inhibits microglia
in many paradigms and is one of the most commonly
used agents for studying microglia involvement [34,
41]. We found that minocycline dose-dependently
reduced GNTI- and DCA-induced scratching
behavior. Minocycline alone reduced GNTI-induced
scratching behavior; the addition of MA had no
further effect. Our results strongly suggest that spinal
microglia play a critical role in the pathogenesis of
DCA-induced itching. Intriguingly, we found that
MA alone at LI4 and LI11 is as effective as
minocycline pretreatment at reducing scratching
behavior. However, MA has fewer side effects than
minocycline [42].

Several lines of evidence suggest that cytokines
and chemokines are key mediators in itch [43]. A
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number of reports have indicated the involvement of
the proinflammatory cytokine TNF-a in pain
sensitization in the CNS [44]. TNF-a enhances the
tetrodotoxin-resistant Na* current in DRG neurons
[45, 46]. It is known that TNF-a elicits spinal synaptic
plasticity and inflammatory pain, partly via
functional coupling with the transient receptor
potential cation channel subfamily V member 1
(TRPV1) [47]. TNF-a modulates central sensitization
via NMDA-induced currents [48]. Enhanced TNF-a
expression is seen in the dorsal horn after spinal cord
injury [49], while TNF-a in the spinal cord contributes
to both chloroquine-induced acute itch and dry
skin-induced chronic itch [50]. To evaluate whether
TNF-a is involved in MA amelioration of bile
acid-induced itching, we compared levels of TNF-a
expression for pretreatment of MA at LI4 and LI11. In
Western blot analysis, TNF-a expression in the spinal
cord was upregulated after DCA injection and this
effect was prevented by MA pretreatment at LI4 and
LI11 acupoints. These results are consistent with the
changes in Ibal expression seen after DCA injection in
mice pretreated with MA. Therefore, microglial-
derived TNF-a may play a key role in regulating bile
acid-induced pruritus.

Immunofluorescence  confocal = microscopy
revealed enlarged cell bodies and a greater number of
cell processes in Ibal-positive cells in tissue from the
DCA-treated group compared with Ibal-positive cells
in tissue from the saline-treated group, whereas
Ibal-positive cells from animals treated with DCA
plus MA were smaller in size and cell processes were
shorter than in cells from the DCA-only group. These
results revealed that DCA induced microglial
activation, while this effect was attenuated by
pretreatment of MA. It is established that TNF-a
immunoreactivity is increased after acute spinal cord
injury and is localized in neurons, glial cells
(including  astrocytes, oligodendrocytes, and
microglia), and endothelial cells in areas of the spinal
cord adjacent to the lesion site [51]. In the present
study, although we observed that DCA increased the
expression of TNF-a, we were unable to determine the
source of TNF-a. Future research needs to address
this issue, as it is important to determine whether the
TNEF-a is derived from microglia, astrocytes, neurons,
or other cells.

In summary, this is the first report to indicate a
beneficial effect of MA in DCA-induced itching.
Accompanying reductions in microglial activation
were similar to those observed with minocycline,
which indicates that spinal microglia and TNF-a
could provide leads for the development of novel
therapeutic agents for the treatment of bile
acid-induced itch. If MA proves to be an effective

treatment for cholestatic pruritus, such therapy could
avoid the side effects associated with pharmacologic
agents and improve the treatment of itch.
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