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Abstract
Electroacupuncture (EA) possesses various therapeutic effects, including alleviation of
pain, reduction of inflammation and improvement of sleep disturbance. The mechanisms
of EA on sleep improvement, however, remain to be determined. It has been stated in
ancient Chinese literature that the Anmian (EX17) acupoint is one of the trigger points
that alleviates insomnia. We previously demonstrated that EA stimulation of Anmian

acupoints in rats during the dark pi:rjqc_l.-pn_b_tanﬁ_eg non-rapid eye movement (NREM)
L el
4OF -k Ee T

L . S, o
sleep, which involves the 1r_1,.d1}ct;qﬁd_of : t{vﬂ}ty m the nucleus tractus solitarius

.-.,, ]
(NTS). In addition to cholhie‘r C aclﬁml(il ?f"h _?gf;“:ti';gtion of the endogenous
-.._'. _.-ﬂ_‘-i ., =
opioidergic system may also sm | by h acupuncture affects sleep.
. - 1 -I:l'q_ . ; '.\
Therefore, this study was gl,cm%ne to 1 estl ate t 4 i @I}Ia;emgnt of the NTS opioidergic
I o *??;ki' y

system in EA-induced alteratlons in slee:p Our p.’resentresuits indicate that EA of Anmian
= R ] L | K

acupoints increased NREM sleep, but not rapld eye movement (REM) sleep, during the

dark period in rats. This enhancement in NREM sleep was dose-dependently blocked by

microinjection of opioid receptor antagonist, naloxone, and the p-opioid receptor

antagonist, naloxonazine, into the NTS; administrations of d&-receptor antagonist,

natrindole, and the k-receptor antagonist, nor-binaltrophimine, however, did not affect

EA-induced alterations in sleep. Furthermore, B-endorphin was significantly increased in

both the brainstem and hippocampus after the EA stimuli, an effect blocked by

vi



administration of the muscarinic antagonist scopolamine into the NTS. Our findings
suggest that mechanisms of EA-induced NREM sleep enhancement may be mediated, in
part, by cholinergic activation, stimulation of the opiodergic neurons to increase the
concentrations of B-endorphin and the involvement of the p-opioid receptors.

One ascending projection is from NTS to the ventromedial nucleus (VM) of the
thalamus (the NTS-VM pathway). Wakefulness is accompanied by synaptic potentiation

in the cortical circuits, whereas slow wilvqr ag.n\gty (SWA) during slow wave sleep
..l"'

ik
. 0]

'.
(SWS) promotes a generahge'ﬂ gtep_]:es

c\iaffmg of synaptlc strength. The VM

receives opioidergic 1nputs“ _t&yaﬂon of opioid receptors

~.L'.
hyperpolarize neurons of VM.

_—

EA y mcrease synaptic activity of
NTS and subsequently hy_per%tsla V4 ? efjeyna,ptlc strength in the VM of
thalamus by inhibitory afferents; \jrv_hlch:jfead.to Jltl'fe enhancement of SWS. Enhancement
AT oy oy [ Ll
of excitatory synapses in NTS and inhibitory synapses in VM may respectively
contribute to the up-regulation of synaptic strength in NTS and downscaling of synaptic
strength in the VM after 10 Hz EA. Our results demonstrated that the synaptic density
was increased in both NTS and VM after rats received 10 Hz EA stimuli, while the
enhanced synaptic length was only observed in the NTS, suggesting that 10 Hz EA

altered excitatory synaptic strength of NTS and inhibitory synaptic strength of VM by

changing the synaptic morphology.
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Studies have shown that different kinds of endogenous opiate peptides and receptors
may mediate the consequences of EA with different frequencies. Herein we further
elucidated that high frequency (100 Hz) EA of Anmian enhanced NREM sleep during the
dark period, but exhibited no direct effect on REM sleep. High frequency EA-induced
NREM sleep enhancement was dose-dependently blocked by microinjection of naloxone
or K-receptor antagonist (nor-binaltrophimine) into the caudal NTS, but was affected

neither by p-(naloxonazine) nor 6- receg)}o,rﬁnmglptmsts (natrindole), suggesting the role of
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Chapter 1. General Introduction
Electroacupuncture (EA) possesses various therapeutic effects, including alleviation
of pain, reduction of inflammation and improvement of sleep disturbance. The
mechanisms of EA on sleep improvement, however, remain to be determined. It has
been stated in ancient Chinese literature that the Anmian (EX17) acupoint is one of the
trigger points that alleviates insomnia. Yi et. al previously demonstrated that EA

stimulation of Anmian acupoints in 1ra_t§ during }.hi.- dark period enhances non-rapid eye

-'I. el - o ."'r
|| “ iy '_-'-'r _-‘3!-. ..\-“ .
movement (non-REM;NR_EI\'H) slee ichwinvolves the induction of cholinergic
A ' A
activity in the nucleus Eﬁracmﬁ*_ " In addr _03,%0 chohnerglc activation of
= '.
L
the NTS, activation of the endogeno may :also be a mechanism by
which acupuncture affec?g‘,__-slg?g. g and Po rqvealed that relatively low

iy .{':'-J'i.l
i
doses of naloxone only block the analgeblc.efféet 1nduaec1 by low-frequency (4 Hz) of
= R ] L i=

electroacupuncture (EA) stimulation, but not the consequence induced by
high-frequency (200 Hz) of EA (1), suggesting that different frequency of EA increases
the release of various endogenous opioids. Therefore, we designed serial studies to
investigate the involvement of the NTS opioidergic system in EA-induced alterations in
sleep.

Electroacupuncture (EA), which consists of passing a continuous electric current

through needles inserted into the acupoints to obtain the therapeutic effects, i.e.

1



alleviation of pain, reduction of inflammation and management of insomnia, is modified
from the traditional Chinese acupuncture. Insomnia is one of the most common sleep
disorders and it has been demonstrated that the effectiveness rate of acupuncture for
relieving insomnia is about 90% (2,3). Several specific acupoints have been identified for
insomnia treatment based upon the differentiation and signs of symptoms according to
traditional Chinese medicine. Among the acupoints used, Shenmen (HT7), Sanyinjiao

(SP6) and Anmian (EX17) are the mqo_s]; common, j}rlthough other acupoints may also be

VT . N

used, such as Neiguan (PCQ)}*ZMgnli (ST

W)\EZPﬁﬁ‘grwan RN.IZ) (4,5).

- =
func oﬂ!';-; ate ical symptoms remain largely

(DU40), Tainzhu (BLlO) Bish (BL;

=)

The mechanisms by which

_— k Py
7 A T e Y .
unknown, although apphgatl?ns f have b en idely idescribed in the Chinese
i (rlr _F_':'; J* _-__,,_.. . \
literature. The spinal gate-controf theory (6) éﬁd the actlvatlon of central endorphin

T
4 J-'__J T | K

and/or monoaminergic systems (i.e. serotonin and norepinephrine) (1) have been
hypothesized in mediating the EA-induced analgesia. In addition, acupuncture may
reduce the inflammation-induced elevation of body temperature by suppressing
hypothalamic production of proinflammatory cytokines (7). The central opioidergic and
serotonergic systems also mediate the suppressive effects of acupuncture on
capsaicin-induced neurogenic inflammation (8). Recent findings suggest that the

induction of vagus nerve activity appears to be another significant factor for mediating

2



the action of acupuncture (9,10). The caudal nucleus tractus solitarius (NTS) may be
activated by acupuncture, since NTS is located in the dorsomedial medulla oblongata and
receives afferents primarily from the vagus and glossopharyngeal nerves (11). Ascending
projections from the NTS are traced through the lateral and dorsal tegmentum and
periventricular gray up to the rostral pons and midbrain, and terminate in the parabrachial
nucleus, which in turn projects to the thalamus, hypothalamus, preoptic area, bed nucleus

of the stria terminalis, amygdala and1 the _.ffoq._ta,ljﬁo;tex, regions commonly belonging to

||I 4y _'5r _:."*EI- I;l._,

the visceral-limbic forebrai_gf*lé}#@_). Fron na{ggﬁ.c';él;data, it does not appear that
- ) Y

N

)

the predominant effect Q?thﬁN Sd -. ‘reticular activating system but

™
L ]
icated in the sleep regulation.

ol
g

=]
[ ]
instead 1s via limbic forebrai
-.'..-\._l?__
Furthermore, the low-frggq?qg

gy
ctrical sti oft;of the medullary reticular

(f':'-.l'::
. . - el W
formation, particularly the dorsagretlc_l_ﬂar.foﬁaathrll.'and the caudal NTS, produces
O T ]
43Ty iy [T

cortical synchronization indicative of slow-wave sleep (SWS) in an awake animal (14).

-
e l\.'“'." ~'|
. Wi |

Conversely, lesions of the dorsal reticular formation and of the NTS produced
desynchronization of the EEG in a sleeping animal (15). All these results suggest the
existence of neurons in the NTS that are involved in generating sleep. Furthermore,
microinjection of morphine into the NTS provokes the enhancement of SWS and this
effect is blocked by naloxone (16), suggesting the somnogenic effect of opioidergic

system in the NTS. Our previous observations demonstrate that activation of cholinergic

3



system in the caudal NTS of the medulla oblongata mediated the enhancement of NREM
sleep induced by EA stimulation of Anmian (EX17) acupoints (17). Nonetheless, EA may
also increase B-endorphin concentrations in the NTS, which subsequently alter sleep, for
the NTS area is one of the anatomically distinct B-endorphin pathways in the brain
influenced by EA (18). Therefore, this study was designed to further clarify whether the
activation of cholinergic system in the NTS after EA stimuli would enhance endogenous

opioidergic activity and what typqe(sa of .-'.Opj'.(.)if.- receptors would be involved in
B - :-_"-. .

G B oWy
EA-induced alterations in slééb.;.l;f, e . “‘u? H:_;
There are two ascené‘hé—ti:; ithwa TS-}ﬁVP«.proje ti-g_neaﬁ_d NTS-PBN-PVN/LHA

L] ™~

L ]
knowi participating in the regulation

] o IS
o

projection. NTS and VM of t

_— e

.
?1 ment of NTS-VM projections in
J'r_,ﬂ:g Y
T, ¥, o e N ,
mediating 10 Hz EA-induced Eleepf_"alteraﬁ'(fn r?malns unknown. VM receives
Aoyl
RUF T [T

opioidergic inputs from the NTS and the activation of opioid receptors hyperpolarizes

of sleep-wake homeosta;i_s_: (@

neurons of VM (20). According to the projection pathway, we hypothesized that 10 Hz
EA alters synaptic strength of the NTS by enhancement and changes the synaptic
activity of the VM by downscaling, which contribute to the EA-induced NREM sleep
enhancement. This hypothesis has been partially proven by that the EA-induced NREM
sleep enhancement was blocked by muscarinic receptor antagonist in the NTS (18). We

herein tried to further elucidate whether the changes of synaptic strength in both NTS

4



and VM are caused by morphological alterations of synaptic density and synaptic size.
The serial studies investigated the involvement of the NTS opioidergic system in
EA-induced alterations in sleep, including: 1. Determining the opioid receptors and
endogenous opiates in the NTS that involved sleep regulation after receiving high
frequency (100 Hz) and low frequency (10 Hz) EA stimulation. 2. Investigating the
synaptic morphology alteration in the NTS and the ventromedial nucleus (VM) of the

thalamus where receives oplolderglc 1npu’(,s fr.on_} the NTS The following three chapters

'."“:-
¥

tl{(\ﬁ endorphln in the NTS mediated

'-.-
-

jr

are the results of these studkeSf

10 Hz EA-induced sleep, the id re _plrgrs 1n NTS mediate 100 Hz
= ~

EA-induced sleep, and the thir tions of synapse in the VM of
. -

thalamus and NTS after 10 H: E

L) (.rJ
L

- e -\.l" o,
Neuropeptides, along with neurotranszﬂltters J‘1.‘15ied1alte warious underlying mechanisms

o ey Yy 1y LGl
of neural functions and behaviors (e.g. opioid peptides in pain control (21),
corticotrophin-releasing hormone (CRH) in stress-related behavior and sleep-wake
regulation (22), hypocretin in feeding behavior and in the maintenance of vigilance states
(23), and etc.). Discovery of endogenous opioid peptides, including B-endorphin,
dynorphin, enkephalin and endomorphin, in the central nervous system (CNS) reveals the

mysterious actions of acupuncture, especially in its analgesic effect. It had first been

demonstrated that the acupuncture-induced analgesic effect could be blocked by a

5



broad-spectrum opioid receptor antagonist naloxone in both humans and mice (24,25),
implicating the role of endogenous opioid peptides. Chang and Pomeranz had revealed
that relatively low doses of naloxone only block the analgesic effect induced by
low-frequency (4 Hz) of electroacupuncture (EA) stimulation, but not the consequence
induced by high-frequency (200 Hz) of EA (26), suggesting that the low-frequency,
rather than the high-frequency, of EA increases the release of endogenous opioids.

Nevertheless, Han and his colleague_s1 have further itlown that the increase of endogenous

o
e

4 i % =

0 ¥ o

A - =
opioids mediates the anailg"esj;s;f _effi 1
- )

d xlzhztl')?)gl the low-frequency and
A
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receiving various frequencies of EA stimulations further indicates that 2 Hz EA enhances
enkephalin (a mixed p- and §-opioid receptor agonist) immunoreactivity (IR), 4 but not
the dynorphin (k-opioid receptor agonist) IR. In contrast, 100 Hz EA increases dynorphin
IR rather than enkephalin IR  (29).
Previous results have shown that 10 Hz EA at Anmian (EX17) acupoints increases

slow wave sleep (SWS) in rats, which involves the induction of cholinergic activity in

the caudal nucleus tractus solitaries (NTS) (17, 30). Our study has revealed that 10 Hz
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(low frequency) EA stimulation of Anmian acupoints increases the concentrations of
B-endorphin in the brainstem, which consequently enhances NREM sleep through
activation of the p-opioid receptors, rather than the o- and k-opioid receptors, in the
caudal NTS (30). However, it has never been determined whether different frequencies
of EA stimulations at Anmian acupoints activate distinct opioid receptors in the NTS.

This study was also designed to clarify what type(s) of opioid receptor is (are) involved




Chapter 2. Endogenous Opiates in the Nucleus Tractus Solitarius Mediate
Electroacupuncture-induced Sleep Activities in Rats
2-1 Abstract
Electroacupuncture (EA) possesses various therapeutic effects, including alleviation of
pain, reduction of inflammation and improvement of sleep disturbance. The mechanisms
of EA on sleep improvement, however, remain to be determined. It has been stated in

ancient Chinese literature that the Aan_qialg (I_;?-X}I?)!acupoint is one of the trigger points

A - B
that alleviates insomnia. We""fpraﬁ;y_i,pu ) ' ratgflig:[h‘é_t;EA stimulation of Anmian
= | L
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acupoints in rats during Elxie n-ra '_;g?é';lovement (NREM) sleep,
<
which involves the induction
N4
(NTS). In addition to chqhng{gz
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1yity ifi the nucleus tractus solitarius
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S;activation of the endogenous
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opioidergic system may also -bje;a mechanismiby ,.?Vhlcl}l acupuncture affects sleep.
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Therefore, this study was designed to investigate the involvement of the NTS opioidergic

system in EA-induced alterations in sleep. Our present results indicate that EA of Anmian

acupoints increased NREM sleep, but not rapid eye movement sleep, during the dark

period in rats. This enhancement in NREM sleep was dose-dependently blocked by

microinjection of opioid receptor antagonist, naloxone, and the p-opioid receptor

antagonist, naloxonazine, into the NTS; administrations of d-receptor antagonist,

natrindole, and the x-receptor antagonist, nor-binaltrophimine, however, did not affect
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EA-induced alterations in sleep. Furthermore, B-endorphin was significantly increased in

both the brainstem and hippocampus after the EA stimuli, an effect blocked by

administration of the muscarinic antagonist scopolamine into the NTS. Our findings

suggest that mechanisms of EA-induced NREM sleep enhancement may be mediated, in

part, by cholinergic activation, stimulation of the opiodergic neurons to increase the

concentrations of B-endorphin and the involvement of the p-opioid receptors.

L
the ‘therapeutic effects, i.e.

o IS
'.'."'1.' L

through needles insert%d ‘int obt
L
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alleviation of pain, reduct _pn A mation and ma me tof insomnia, is modified
p P I{

G~
o *.
from the traditional Chlnese al pﬁncturé I.nsdhinla 1ls one of the most common sleep

paierioy oy o (2l
disorders and it has been demonstrated that the effectiveness rate of acupuncture for
relieving insomnia is about 90% (2,3). Several specific acupoints have been identified for
insomnia treatment based upon the differentiation and signs of symptoms according to
traditional Chinese medicine. Among the acupoints used, Shenmen (HT7), Sanyinjiao
(SP6) and Anmian (EX17) are the most common, although other acupoints may also be

used, such as Neiguan (PC6), Zusanli (ST36), Taichong (LR3), Baihui (DU20), Dazhui

(DU40), Tainzhu (BL10), Bishu (BL20) and Zhongwan (RN12) (4,5).
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The mechanisms by which EA functions to alleviate clinical symptoms remain largely
unknown, although applications of EA have been widely described in the Chinese
literature. The spinal gate-control theory (6) and the activation of central endorphin
and/or monoaminergic systems (i.e. serotonin and norepinephrine) (1) have been
hypothesized in mediating the EA-induced analgesia. In addition, acupuncture may
reduce the inflammation-induced elevation of body temperature by suppressing

hypothalamic production of proinﬂz;{nma.tpry{qygp}gines (7). The central opioidergic and

.'|:-|._ '__1 ‘lr -:'”5,'- -.-";‘__.

. PN 2 -

serotonergic systems alsg ‘mediate res\s\i"jt(; ef;fects of acupuncture on
- )

Re n,‘_g,ef ndmgs suggest that the

gmﬁcant factor for mediating

the action of acupuncture (9\,%@). T‘l caudal nucleu trfé,qtug sohtarlus (NTS) may be
. :3

activated by acupuncture, since'N TE 18 ]:Gbated 1f1.'£he dorsomedlal medulla oblongata and
4 2 T oy [ | K

receives afferents primarily from the vagus and glossopharyngeal nerves (11). Ascending

projections from the NTS are traced through the lateral and dorsal tegmentum and

periventricular gray up to the rostral pons and midbrain, and terminate in the parabrachial

nucleus, which in turn projects to the thalamus, hypothalamus, preoptic area, bed nucleus

of the stria terminalis, amygdala and the frontal cortex, regions commonly belonging to

the visceral-limbic forebrain (12,13). From these anatomical data, it does not appear that

the predominant effect of the NTS is via the reticular activating system but instead is via
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limbic forebrain structures, which are implicated in the sleep regulation. Furthermore, the
low-frequency electrical stimulation of the medullary reticular formation, particularly the
dorsal reticular formation and the caudal NTS, produces cortical synchronization
indicative of slow-wave sleep (SWS) in an awake animal (14). Conversely, lesions of the
dorsal reticular formation and of the NTS produced desynchronization of the EEG in a
sleeping animal (15). These results all suggest the existence of neurons in the NTS that

are involved in generating sleep. Fu_rqthq.rp}org_r, Iﬂic;roinjection of morphine into the NTS
AR gL
- -5 ‘EI- _1._1-5 _ of

b@;gfdgeaby naloxone (16), suggesting

ergil?);it-em(fﬁ'\ I'S.*Our previous observations
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demonstrate that activation of cholin rg'ﬁ%;s'te
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provokes an enhancement of SWsand
- }

b
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the somnogenic effect é‘f opi )
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X 3o mly
oblongata mediates the enl;aq%@q‘- non-rapid ye avement (NREM) sleep induced
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by EA stimulation of Anmian (E:Xj7) acupoints'(17). yémetheless, EA may also increase
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B-endorphin concentrations in the NTS, which subsequently alter sleep, because the NTS

A

t

area is one of the anatomically distinct B-endorphin pathways in the brain influenced by

EA (18). Therefore, this study was designed to further clarify whether the activation of

cholinergic system in the NTS after EA stimuli enhances endogenous opioidergic activity

and what type(s) of opioid receptors are involved in EA-induced alterations in sleep.
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2-3 Methods
2-3-1 Pharmacological agents
Stock solutions of muscarinic receptor antagonist, scopolamine hydrobromide (Sigma,
St Louis, MO, USA), a broad-spectrum opioid antagonist [naloxone hydrochloride
(Tocris, Bristol, UK)], a p-receptor antagonist [naloxonazine dihydrochloride (Tocris)], a
d-receptor antagonist [naltrindole hydrochloride (Tocris)] and a k-receptor antagonist

[nor-binaltorphimine dihydrochloric_lqe__ g”l_“_.q_c_ni_‘s_t_)];ﬁwde__re dissolved in pyrogen-free saline

ll."'l.- - _.l"' 5
i o _'1;.. ':'.

(PFS). The stock solutions_,ﬁv:v'%ir
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exstorec
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til Nl\};s{,e;fhg dose of scopolamine used

[

o fd T N
was 20 pg pl’, Wherea&%’_’ naloxone, naltrindole and nor-binaltorphimine

&
L ]
0land 10 pg pl. The total volume used
s .--.‘_
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were microinjected at three di

Q7
for each microinjection was letg‘

2-3-2 Animals

Male Sprague-Dawley rats (250 ~ 300 g; National Laboratory Animal Breeding and
Research Center, Taiwan) were used in this study. Rats were anesthetized by
intraperitoneal injection with ketamine/xylazine (87/13 mg kg™') and were given an
analgesic (1 mg/rat morphine) and an antibiotic (5000 IU/rat penicillin G benzathine) to
reduce pain and avoid infection. Rats were surgically implanted with three

electroencephalogram (EEG) screw electrodes as earlier described (31) and the
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microinjection guide cannulae directed into the NTS (AP, 13.30mm from bregma; ML,
1.2mm and DV, 8.2mm relative to bregma). The coordinates were adopted from the
Paxinos and Waton rat altas (32). Two unilateral screw EEG electrodes were placed over
the right hemisphere of the frontal and parietal cortices and a third EEG electrode was
placed over the cerebellum and served to ground the animal to reduce signal artifacts.
Insulated leads from EEG electrodes were routed to a Teflon pedestal (Plastics One,

Roanoke, VA, USA). The Teflon p_eqd_ejsta}r was ;,thgrn cemented to the skull with dental
| L - :-_-:-'. e

RN

: 113%551onf;was treated topically with

Nl

acrylic (Tempron, GC Co ,"'"quy_p,
A ]

[

b

polysporin (polymixin B?Sll'l';g!ﬁ >tbaci d the _I.ﬁﬁﬁdlg_yvere allowed to recover
~f ~

for 7 days prior to the.-_einittia ts 'we:fe housed separately in
7 | YRS

individual recording cageg:_._.in J;?B;\l d room, in{w Ih -ﬂ'{e tg@perature was maintained

T g’,f“—" & O
N caq e
at 2311 °C and the light:dark rhythm w%’bontroﬁéna in_.la.11;21': 12 h cycle (40 Watt x 4 tubes
G257 STy oo o) Lok
illumination). Food (5001 rodent diet, LabDiet) and water were available ad libitum. All

procedures performed in this study were approved by the National Taiwan University

Animal Care and Use Committee.

2-3-3 Experimental Protocol
On the second postsurgical day, the rats were connected to the recording apparatus via

a flexible tether. As such, the rats were allowed relatively unrestricted movement within
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their own cages. Three groups of rats were used in the study as follows: Group 1 (n=38)
was used to determine the effects of opioid receptor antagonist (naloxone) and p-receptor
antagonist (naloxonazine) on EA-induced alterations in sleep; Group 2 (n=8) was used to
elucidate the effects of o-receptor antagonist (naltrindole) and k-receptor antagonist
(nor-binaltorphimine) on EA-induced alterations in sleep; Group 3 (n=24) was used to
depict the action of NTS muscarinic receptors on EA-induced B-endorphin expression

[determined by enzyme-linked imn_l;m?sqrbgnt Jl?_sjsll_ay (ELISA)] after microinjection of
R S
0¥ kB b

scopolamine into the NTS. plhe jvg_ek afie d Qggpté-d;to the 12 : 12 h light : dark
- )

F

S

_g;',i'w‘ége obtained beginning at

cycle after surgery, a 22“-‘h ‘tm i

L] .

d 5 When EA was given (see

ol
for,

[ ]
dark onset on the first recordi

_—
i

= i
later), all rats were lightlxrar;%s__}h ird of the/dose of ketamine/xylazine

- - riTs eid e Y
used in the surgery, after which-i';a‘fr wake-up timeis 2()l ~25 min. A 20-min period of EA
G ey |10 il
RUF T [T

stimulation was administered before the onset of the dark period. The anesthetization was

&

given 25 min prior to the dark period onset and lasted for 20 min. The rationale for

carrying out the experiment in the darkness is that rats are active with a lowest level of

sleep during the dark period, and a manipulation, if it possesses ability to increase sleep,

would significantly augment sleep during the dark period. In contrast, it may not be easy

to enhance sleep during the light period when sleep activity is at its highest circadian level.

Since we expected to find a sleep enhancement after the EA stimuli at the Anmian (EX17),
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we therefore manipulated the EA stimulation before the onset of the dark period and
analyzed the sleep alteration during the subsequent dark period. The rats in group 1 were
both administered PFS intraperitoneally (IP) and microinjected into the NTS (;,PFS+PES)
at 25 min prior to the dark onset on two consecutive days, and recordings obtained for
24-h beginning after the second injection. The effects of anesthesia with the NTS
microinjection of PFS (jpketamine+PFS) on sleep were determined after IP injection of

ketamine/xylazine and the NTS PFS F_iprp,inj_gctj,gn{ on two consecutive days. A sham EA

'.'.I" 4 ﬁ"_, N ‘r._.--

4 .. - :. _\jl: T i “_ .
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electrical stimulation, aft'hdug 1 our pf@s'i):s / ha ._ctgiﬁi‘nled that no non-specific
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(ipketamine+PFS+EA) were g{}so ark-onset on two consecutive
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days and sleep-wake behavior-af ter the 'seeond EA_stimulation was then determined.

. o &
< Jr__.lj.l I
Subsequently, three different doses (0.1, 1.0 and 10 pg) of naloxone (jketamine+

naloxone+EA) and naloxonazine (j,ketamine+naloxonazine+EA) were administered 25
min prior to the dark onset on the second day of EA stimulation and the 24-h sleep pattern
was determined. At least 1 day without injections was scheduled between each
manipulation. The EA stimulus was delivered via the bilateral insertion of stainless
needles (32 gaugex1”, Shanghai Yanglong Medical Articles Co.) on Anmian (EX17)

points in the depth of 2 mm. The stimulus consisted of a train of biphasic pulses (150 ps
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duration each) of 10 Hz with intensity of 3 mA, and was delivered by Functions Electrical
Stimulator (Trio 300, I.T.O., Japan). The acupoint ‘Anmian (EX17)’ is located at
midpoint between Yifeng (TH 17) and Fengchi (GB 20); Yifeng (TH 17) locates posterior
to the lobule of the ear in the depression between the mandible and mastoid process and
Fengchi (GB 20) locates in the depression between the upper portion of musculus
sternocleidomastoideus and musculus trapezius in human. The location of Anmian

(EX17) in rats is at the relative anat_(;n_l}c_a} l(_),;_aatj:c_)l} between the strenocleidomastoideus

| % Sk L
40 v B ab
\ r B :

muscle and the splenius caipilﬁs musc ) hg\]f:ga‘ﬁ';égupoint map. Sham EA was
- ) Y

S

N

performed by stimulatig?l of'a; on-a@ai'rlt loCated at the:ventral conjunction between
L] _.'I-ﬂ_:‘-i ™~
L] - L ]
the forelimb and the trunk as crilf éﬁe’-i' (17). These ratsin group 2 underwent a
.~ el
8 7 ar e &
similar protocol to those_,__-inv{ga | except t o< substances administered were
e ('r_,_:hr.l *L?;k: .
. . T, s e L .. .
naltrindole (ipketamlne+naltr1-ﬁd§le+E_A) - and- ml)rﬁblnaltorphlmlne (ipketamine+

. Jr__.lj.l I

nor-binaltorphimine+EA). Rats in group 3 were divided into four subgroups and received
ipketamine+PFS, jketamine+PFS+sham EA, jketamine+PFS+EA and jketamine+
scopolamine+EA, respectively. Microinjection of scopolamine into the NTS was
administered prior to the second EA stimulation. Rats were then decapitated at the dark
onset and five distinct brain regions, including the hypothalamus, cortex, brainstem,
hippocampus and striatum, were dissected and frozen in -80°C until assay. These tissues

were used for B-endorphin ELISA as described in the following.
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2-3-4 Apparatus and Recording
Signals from the EEG electrodes were fed into an amplifier (Colbourn Instruments,
Lehigh Valley, PA; model V75-01). The EEG was amplified (factor of 5000) and analog
bandpass filtered between 0.1 and 40 Hz (frequency response: 13 dB; filter frequency roll
off: 12 dB/octave). Gross body movements were detected by custom-made
infrared-based motion detectors (Biobserve GmbH, Germany) and the movement activity

was converted to a voltage output wh‘ic_h was digitized and integrated into 1-s bins. These

; g
o 3 B oR
conditioned signals (EEQQ’* and 1 ] xrfcgye’ﬁlgnts) were subjected to
- I| A i
A -
analogto-digital COHVCI’El_OI‘HW_ lG#B'lT\f:ec lon at a\sampling rate of 128 Hz (NI
"'_\:I. | ;I-F_\_ . -
L] - 7
PCI-6033E; National Instru hesdigitized EEG waveform and
o oy
integrated values for b&i_y g%b\/ ‘binary computer files pending
T on &5 £V
subsequent analyses. = 5 = . 1 N

Postacquisition determination of the vigilance state was done by visual scoring of 12-s

epochs using custom software (ICELUS, M. R. Opp) written in LabView for Windows

(National Instruments). The animal’s behavior was classified as SWS, rapid eye

movement sleep (REMS) or waking based on previously defined criteria (31). Briefly,

SWS is characterized by large-amplitude EEG slow waves, high power density values in

the delta frequency band (0.5 ~ 4 Hz) and lack of gross body movements. During REMS,

the amplitude of the EEG is reduced, the predominant EEG power density occurs within
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the theta frequency (6 ~ 90 Hz) and there are phasic body twitches. During waking, the
rats are generally active. There are protracted body movements. The amplitude of the
EEG is similar to that observed during REMS, but power density values in the delta
frequency band are generally greater than those in theta frequency band. In addition to the
amount of time spent in each vigilance state, the number and duration of individual bouts
of behaviors were determined using criteria modified from those of Tobler and colleagues

33,34), as described earlier (31). T
( ) (D it L "'!r:_-'f';_':,g".__.ll:,.~
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2-3-5 ELISA for B-endorphin, A=)
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Rat B-endorphin EHSA

-

8 7
(Burlingame, CA, USA) and t%m\

-ﬂ . B
Wer ed fro hoenix Pharmaceuticals Inc.

-\.l"'.-r._‘
ey, A6

“'sran.gard instructions provided

oc dures followed

N f‘-‘-’“
_—
by the manufacturers. Absorbaﬁce wasmﬁeasuré‘d- ’oy 1Lan';Eﬁ]lJSA plate reader (Multiskan
e Ty ey [y L
EX, Thermo Electron Corp., Waltham, MA, USA) with the wavelength set at 450 and 550

nm. The sensitivity is 0.21 ng ml”, the assay range is between 0.21 and 3.15 ng ml”, the
intra-assay coefficient of variation is <5% and the inter-assay coefficient of variation is

<14%. There is no cross-reactivity for met-enkephalin and leu-enkephalin.

2-3-6 Statistical Analyses for Experiment Protocol

All values acquired from sleep-wake recording were presented as the meantSEM for
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the indicated sample sizes. One-way analyses of variance (ANOVA) for the duration of
each vigilance state (SWS, REMS, WAKE) and for sleep architecture parameters were
performed, comparing before and after manipulation within subjects, across a certain of
time block. An a level of P=0.05 was taken as indicating a statistically significant
difference. If statistically significant differences were detected, a Scheffe post hoc
comparison was made to determine which hourly intervals during experimental

conditions deviated from values _?btpi;}ed;frpm{ the same animals during control
il Y = — "I'. -’r

N

_erquqrpﬁfg; ELISA used an unpaired

. -

:."- . e
conditions. The statistical_,ﬁé%fah.;a_t,jo :
A )

N

Student’s z-test comparié';g thea eragc%"bit-we?f'ﬂxe groups-analyzed.
'f.-.'.l | .-I:ﬂ_:\-i h
2 == "B
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2-4 Results el
*&%" -
s e 4
2-4-1 Naloxone and Naloxo ne Blocked th&ﬁ-A-iPéuced Alterations in Sleep
AL ey [T

Anesthetization of rats for 25 min with ketamine/xylazine prior to the dark period

suppressed both NREM and REM sleep for the first 4 h of the dark period. The time

spent in NREM sleep during the first 4-h period after j,ketamine+PFS decreased to

10.8+2.5% from 22.4+2.5% acquired after j,PFS+PFS [F(162=10.711, P=0.002, Fig. 1A

and B]. REM sleep was suppressed from 6.5+1.8% obtained after ;,PFS+PFS to

0.8+0.3% acquired after jketamine+PFS [F(; )=8.697, P=0.005, Fig. 1C and D]. A

concomitant enhancement of wakefulness was observed during the first 4 h after
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receiving ketamine anesthetization (Fig. 1E and F). Application of sham EA did not
alter any aspect of sleep parameters (data not shown), which is similar to our previous
observation (17). Twenty-minute EA stimuli delivered before the dark period on two
consecutive days significantly augmented NREM sleep during post-manipulation 5 ~ 8
h. The percentage of time spent in NREM sleep during 5 ~ 8 h increased from
18.3+2.7% obtained after jketamine+PFS to 34.0+3.8% after jketamine+PFS+EA

[F1,62=9.180, P=0.004, Fig. 1A and B}.IAna,lysm of 12-h dark period revealed that

.

4B 0k

NREM sleep was enhancegl Trom’ 14 .8+
!

I thamlne+PF S to 21.7£2.1% after

A
ipketamine+PFS+EA [FQ}:19'0;"-_F‘6I_ p,was not significantly altered
= | =
by EA. A decrease of waking /S obsenyled during 5 ~ 8 h (Fig.
=" i g
= ~
1E and F). 3, 1}' 0
o J':_'-,ﬂ:l‘-f“"ﬂaf'- £V
Administration of three dlﬁfeggn doses (G'ff L. 0 'land 10.0 pg) of naloxone, a

ogemgelclt

broad-spectrum opioid antagonist, into the NTS dose-dependently blocked EA-induced
increases of NREM sleep, especially during post-manipulation 5 ~ 8 h (Fig. 2A and B).
Across the entire 12-h dark period recording, NREM sleep was suppressed from
21.7£2.1% after jketamine+PFS+EA to 13.4%2.1% after jketamine+naloxone (10.0
ng)+EA [F(1,190=7.631, P=0.007, Fig. 2A and B]. Administration of p-opioid receptor
antagonist, naloxonazine, also exhibited a dose-dependent blockade of

EA-inducedNREM sleep enhancement (Fig. 2A and B). Administration of 10 pg
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naloxonazine reduced NREM sleep from 21.712.1% after jketamine+PFS+EA to
14.922.1% [F(1,190/=5.100, P=0.026, Fig. 2A and B] during the 12-h dark period. Neither
naloxone nor naloxonazine altered REM sleep (Fig. 2C and D). A mirror effect on the
EA-induced decrease of waking was also been observed for both naloxone and
naloxonazine (Fig. 2E and F).

Analysis of sleep architecture parameters across 1 ~ 12 h during the dark period

= =
A TE e '2".
primarily due to an increas&iﬁ-épisgde iOnQ] wq‘lg.\ii:ng,'éﬁlghough there was a tendency

revealed that the effect of ketamine 10.-nI the s_ppnr_egsion of NREM and REM sleep was

b
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for decreases in both RE’M'*ST%
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increase in the duration of a sin
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result (17). Effects ofnaloxone ahgl nal'ﬂ_;_(bnazin‘é?t)n lglldﬁ;k?ng EA-induced enhancement

Resr oy (oo oy LSLg
of NREM sleep were mediated by reversing the EA-induced augmentation of NREM

sleep episode duration (Table 1).

2-4-2 Naltrindole and Nor-binaltorphimine did not Affect EA-induced Alterations in
Sleep
Administration of either the d-opioid receptor antagonist naltrindole or the k-receptor

antagonist nor-binaltorphimine prior to EA stimulation did not affect EA-induced
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alterations in sleep (Fig. 3). Similarly, these antagonists did not alter any aspect of sleep

architecture (data not shown).

2-4-3 Scopolamine Suppressed EA-induced Expression of Endogenous -endorphin
Our result demonstrated that delivery of sham EA stimuli did not alter the
concentrations of B-endorphin within five distinct brain structures, including the

brainstem, hypothalamus, cortex, hLW s _and striatum (Fig. 4). However,
["._“;1.- : '}'} -'l':'.'l: ],.r

§F 2 B

application of EA stimuli a‘g‘A"nma;a_n ( I f

J\

the levels of B-endorp]i}ﬁ ‘;ﬁ"' ¢ brainstem ?fa\hipp
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1 tg‘“ﬁgr“ﬁc@rmin significantly enhanced

f u.g:-z‘but not in the cortex,
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H
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Figure 1. The effects of low-frequency (10 Hz) stimulation by EA at Anmian (EX17)
acupoints on vigilance states. The 10 Hz EA enhanced NREM sleep during
post-manipulation 5 ~ 8 h during the subsequent dark period. *Represents a statistically
significant difference between the values obtained from ipketamine+PFS and
ipPFS+PFS. The shaded area represents the values of meantSEM. #Depicts a
statistically ~ significant  difference  between the values obtained from

%ck horizontal bar on the x-axis
; Iar]gé%'%WAKE wakefulness.
- 'f—e.

BE

ipketamine+PFS+EA and 1pketam1n§|

represents the dark period w
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Figure 2. The effects of naloxone and naloxonazine on EA-induced alterations in sleep.

Both naloxone and naloxonazine dose-dependently blocked the EA-induced

enhancement of NREM sleep. *Represents a statistically significant difference between

the values obtained from jketamine+naloxone+EA/;;ketamine+ naloxonazine+EA and

ipketamine+PFS+EA. The black horizontal bar on the x-axis represent the dark period of

the 12 : 12 h light : dark cycle.
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Figure 3. The effects of naltrindole and nor-binaltorphimine on EA-induced alterations
in sleep. Neither naltrindole nor nor-binaltorphimine affected EA-induced enhancement
of NREM sleep. * Represents a statistically significant difference between the values
obtained from jketaminet+PFS+EA/ ;ketaminet+natrindole+tEA/ jketamine+
nor-binaltorphimine+EA and jpketamine+PFS. The shaded area represents the values of
meanESEM. The black horizontal bar on the x-axis represents the dark period of the 12 :

12 h light : dark cycle.
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Figure 4. The effects of scopolamine on the 10 Hz EA stimuli-induced increase of
B-endorphin. The 10 Hz EA stimuli significantly increased the expressions of
B-endorphin in the brainstem and hippocampus and administration of scopolamine
blocked EA-induced increases of f-endorphin concentration. *Represents a statistically
significant difference between the values obtained from jketamine+PFS+EA and
ipketamine+PFS+sham EA. #Depicts a statistically significant difference between the

values obtained from jketamine+scopolamine+EA and j,ketamine+PFS+EA.
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Figure 5. A hypothetical model by which EA Anmian (EX17) may alter NREM sleep.

EA stimuli in the figure represents the electrical sign; Ach: acetylcholine; electrical sign:

EA stimuli.
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2-5 Discussion

Insomnia is a common sleep complaint among elderly people and young adults, which
may result from psychiatric illness, sociopsychological stress, a medical problem, poor
sleep habits or a primary sleep disorder. Epidemiological surveys have shown that 10 ~
20% of adults have suffered from moderate to severe insomnia (35), although the

percentage is lower than that of 40 ~ 70% of healthy elderly people who suffer from

Ly -5 -‘EI- N =I- .\...-'

chronic sleep disturbances (3.16):r _.-Se(j_al;i}(_e;rhypnotic medications, including
= _*- Tae

benzodiazepines and non-b_qri%ogli‘,a;ep' ) mog;‘gqoﬁmon treatments for insomnia
'|,“ / =
B ),
However, there are conferhs:-‘r_ ardi in, iate'use, dependence and adverse
L] I . ™~
L
effects of these agents.On the been used for relieving sleep
. sl
8 7 ar o &
disturbances for thousands o%“ﬁ sfin China. Althoughiaeupuncture is efficacious for

(fl:.-.l.:_l
T, ¥ o ead, Vo . .
sleep problems, especially for -1-1'1§:5mn1’z_{_',' the uﬁ'[ierlylln'g mechanisms whereby sleep is
Aoyl
RUF T [T

improved by acupuncture are poorly understood. We, therefore, designed this study to

-;.Qq,"." ~'|
oy b

determine whether the opioidergic system of the NTS plays a role in EA-induced
alterations in sleep. Our current results demonstrate that EA stimuli of Anmian (EX17)
acupoints in anesthetized rats for 20 min enhances NREM sleep during the subsequent
dark (active) period. This observation is a further confirmation of the ability of EA stimuli
at Anmian (EX17) acupoints to increase NREM sleep. In order to perform the EA

stimulation easily, rats were lightly anesthetized. We found that both NREM and REM
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sleep during the first 4h of the dark period were decreased after rats recovered from the
ketamine anesthetic. Ketamine, a cyclohexanone derivative, is used clinically as a
dissociative anesthetic agent both in humans and animals. Ketamine is a non-competitive
N-methyl-D-aspartate (NMDA) receptor antagonist that blocks cation channels (37). It
has been demonstrated that administration of ketamine or MK-801, another NMDA
receptor antagonist, at sub-anesthetic doses produce a robust, dosedependent increase in

the intensity of d-power of the NRE_I}/I_srleqp 038,.'39} Furthermore, the effect of MK-801

'|| -__1 f'l: _-1.=- a"';r.

by increasing the metabc_),liéf rate. 1 cag\%}fus’m_ld other limbic structures
J

A

o o
stimulates physiological' sleep’ lee Itha{ follows sleep deprivation,

|

e
L ]
indicating the need of homeo re, the suppression of NREM
- e Py

-\"'{

'.""1.'

—t

that i r§?bllir S

I .-E_\-i

ic re 40)

and REM sleep after recg\;/,ery{fgp h ketamlne
NS

a Y
the dark period may be due to a homeostaflc com‘piansatlon to the previous anesthetic state.
L5 :
LRIF ey [

However, this explanation needs to be further 1nvestigated. On the other hand, EA of

S eﬁzattgn during the beginning of
2]

other acupoints may exhibit an opposite effect on sleep or anesthesia. For example, EA
stimulation of bilateral Neiguan (PC6) shortened the post-anesthesia recovery time in cats
(41). However, EA of Anmian (EX17) did not exhibit this effect in our experiment.

We previously demonstrated that microinjections of muscarinic receptor antagonist
scopolamine into the NTS and bilateral lesions of the caudal NTS blocks the alterations in

sleep induced by EA stimulation of Anmian acupoints (17), implicating the involvement
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of cholinergic neurons in the caudal NTS in this response. Nevertheless, endogenous
opiates (B-endorphin, enkepalin, endomorphin and dynorphin) are well known to mediate
the analgesic effect of EA; low frequency EA stimulation activates p- and d-opioid
receptors by the releases of [B-endorphin, enkepalin and endomorphin, whereas
high-frequency EA stimulation activates the k-receptors by enhancing the concentrations
of dynorphin (21,42). It has also been demonstrated that EA increases B-endorphin
concentrations in the arcuate nucleus of the h_yp(_)g.uj}a.mus via AP and Ao fibers, which in

F I . —
G p
turn mediate the analgesic Qﬁ%c‘gs—,qu EA
]

7
the caudal medulla (1 8).-"1“_1_ae{%;f9

-

' B
increase in the caudal NTS after L'he EA sumLﬁatlon_ Relnoso Barbero and de Andres
ooy (o [y
have shown that microinjection of morphine into the NTS provokes a dose-dependent
enhancement of the polygraphic and behavioral manifestations of SWS. This effect is
blocked by naloxone, suggesting that the endogenous opioid is involved in controlling
electrocortical activity generated by the NTS (16). Furthermore, it has been documented
that vagal afferents activate the f-endorphin system in the NTS, which in turn mediates

responses to vagal activation; the effects of acetylcholine on depressive responses in

pulmonary and carotid arteries are mediated by activating the serotonergic and endorphin
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system of the NTS (44) and the inhibitory effect of vagal afferents on the bradycardia
response is mediated by B-endorphinergic neurons in the NTS (9). On the basis of our
previous results (17) and aforementioned evidence, we herein tried to elucidate whether
the effects of EA on sleep regulation is mediated by the increase of endogenous opiates
and the activation of opioidergic receptors in the caudal NTS via muscarinic receptors.
Application of naloxone, a broad spectrum of opioid receptor antagonist, was used to

determine the involvement of NTS _(;p_ipid‘erg!ic. E@(ﬁgptors in the EA-induced increase of

_-I,I'II" -_1_?,: _=.-'+=-.' ."'"r;_.

L
] ,';-ﬁ—::,.. . I

but had no effect on the REM 1 pﬁﬂ%ﬁg ement of endogenous opiates
- _F.__ as I-I'.,.:.. Foy,

e¢ major opioid te , /-, 8- and Kk-receptors, was

£
L “*r"a:c&;- o
ol '\-_:- L

= by 3
then determined by apphcatlon-of gpecrf c receﬁtf)r antagomsts Our results demonstrate

4 2 T oy [ | K

that naloxonazine, a p-opioid receptor antagonist, exhibits a similar dose-dependent

in the NTS. A potential ro_l,e f(%nt

effect as that of naloxone, whereas naltrindole (a 6-opioid receptor antagonist) and
nor-binaltorphimine (a k-opioid receptor antagonist) have no effect. These results are in
part consistent with the results reported by Reinoso-Barbero and de Andres that
administration of p-and §-opioid receptor agonists, but not k-opioid receptor agonist, into
the NTS in cats enhances NREM sleep and that REM sleep is unchanged after NTS

administration of the different opioids (16). Nevertheless, our results implicate NTS
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p-opioid receptors as mediators of EA-induced NREM sleep enhancement, which is
similar to the effect of p-opioid receptors on analgesia induced by low-frequency EA
stimuli. The frequency of EA we used in this study was 10 Hz, which is considered a
low-frequency stimulation. Our results also indicate that concentrations of f-endorphin in
the brainstem and hippocampus increase after EA stimuli, suggesting the involvement of
NTS B-endorphin. The enhancement of B-endorphin in the hippocampus may be due to

actions of multisynaptic relays from 1thef N‘Ts.-fwﬁhf, hippocampus (45). Enkephalin- and

: @ Therefore, the expression of

enkephalin and endorQ."I_iilﬁﬁf_ T -l quenCy EA ti-mali ~and the expression of
= . - ™~
dynorphin after high-frequen cﬁi"" e i est for further investigation.

oL

y "lr

3, IS
Nevertheless, EA-enhanced j%;

in in the 1s?bxloqked by microinjection of

-
Lo

.J-' .
muscarinic receptor antagonlst Scopolathe sug‘gestlng {'hat the activation of endogenous

pder iy oy LSl

opioidergic system is mediated by the NTS cholinergic nervous system.

2-6 Conclusion

In summary, our current results demonstrate that EA stimuli of Anmian (EX17)
acupoints enhance NREM sleep and this enhancement is blocked by naloxone and
naloxonazine, implicating p-opioid receptors. Furthermore, the activation of NTS

muscrainic receptors after low-frequency EA stimuli increases concentrations of
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B-endorphin, which mediates the enhancement of NREM sleep after EA stimuli of

Anmian (EX17) acupoints. A diagram elucidating one hypothetical mechanism by which

EA of Anmian (EX17) alters sleep is depicted in Fig. 5.
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Chapter 3. Morphology Alterations of Synapses in the Ventromedial Nucleus (VM)
of Thalamus and Caudal Nucleus Tractus Solitarius (NTS) after 10 Hz
Electroacupuncture in Rats

3-1 Abstract
Previous results demonstrated that 10 Hz electroacupuncture (EA) of Anmian
acupoints in rats during the dark period enhances slow wave sleep (SWS), which

involves the induction of cholinergqic_ activity in }he caudal nucleus tractus solitarius

-'..'.I': -5k ':'”5..' .I"rif

(NTS) and subsequent activdt'ﬁ'ép.p_f opioi u opﬁxéﬁ_d | p-receptors. One ascending

S

72, N
projection is from NT@ 'tﬁ)“t € Ven‘rf‘b.i(fd ] (VM) of the thalamus (the

.

L ]
tic potentiation in the cortical
vy

NTS-VM pathway). Wakefuln

"T’ Ay,
' . N .
circuits, whereas slow w _,ave{a Vi “SWS promotes a generalized
o
o P - ¢?;'~:'- 5

depression or downscaling of -s*yz?aptlca é‘[re.ngthIc Thel Vl\)[ receives opioidergic inputs
“ J:'_._.l. TLar =

from NTS and the activation of opioid receptors hyperpolarize neurons of VM.

Accordingly, 10 Hz EA may increase synaptic activity of NTS and subsequently

hyperpolarize and downscale the synaptic strength in the VM of thalamus by inhibitory

afferents, which lead to enhance SWS. Enhancement of excitatory synapses in NTS and

inhibitory synapses in VM may respectively contribute to the up-regulation of synaptic

strength in NTS and downscaling of synaptic strength in the VM after 10 Hz EA. Our

results demonstrated that the synaptic density was increased in both NTS and VM after
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rats received 10 Hz EA stimuli, while the enhanced synaptic length was only observed
in the NTS, suggesting that 10 Hz EA altered excitatory synaptic strength of NTS and

inhibitory synaptic strength of VM by changing the synaptic morphology.

3-2 Introduction
Electroacupuncture (EA), which consists of passing a continuous electric current

through needles inserted into the aqlqlpqil_a-ys to _o}?_tiin therapeutic effects, i.e. alleviation
. i B B z ’r -

| =
@ -y ﬁ£ o

of pain, reduction of inﬂalj,}fﬁétjqn_an' -
- J

N

- - N
traditional Chinese acuR.{'in(':ﬁAii" i ngst'common sleep disorders. It
= .
L] - 7
has been demonstrated:that th i ncture for relieving insomnia
.~ oy
r ?" e I8

=y ! %
is about 90% (2.,3). Sez_eraj{a ific acupoint o/been identified for insomnia
- ﬁ;}]“&f’lﬁﬁ ¥
T, Y . o e . .
treatment based upon the differe'ngation_-'_'and 51g1:$-0f_19ymptoms according to traditional
iy T ) L

Chinese medicine. Among the acupoints used, Shenmen (HT7), Sanyinjiao (SP6) and

-

Anmian (EX17) are the most common, although other acupoints may also be used, such

as Neiguan (PC6), Zusanli (ST36), Taichong (LR3), Baihui (DU20), Dazhui (DU40),

Tainzhu (BL10), Bishu (BL20) and Zhongwan (RN12) (4, 5).

The mechanisms by which EA functions to alleviate clinical symptoms remain

largely unknown, although applications of EA have been widely described in the

Chinese literature (1,6,7,8). Recent findings suggest that the induction of vagus nerve
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activity appears to be a significant factor for mediating the action of acupuncture (9, 10).
The caudal nucleus tractus solitarius (NTS) may be activated by acupuncture, since
NTS is located in the dorsomedial medulla oblongata and receives afferents primarily
from the vagus and glossopharyngeal nerves (11). Ascending projections from the NTS
are traced through the lateral and dorsal tegmentum and periventricular gray up to the
rostral pons and midbrain and terminate in the parabrachial nucleus (PBN),

ventromedial nucleus (VM) of . tl}.a;zpmgs,.ﬁ_pﬁraventricular nucleus (PVN) of
L i
@ -5k B

hypothalamus, lateral hypq&h&iaami_g a r@ié}ar;ea, bed nucleus of the stria
- ) Y

N

S

| e o,
terminalis, amygdala, E‘I?ld'“-l.th_ fronﬁ'l\io-rte}(,"m%gion ‘commonly belonging to the
™~

o
| data, it does not appear that

. . . . ‘
visceral-limbic forebrain (12,
ol Pl
ey

_— e

= -
the predominant effect of 1&16}{5}_{{ i tivating system but instead is via

o, b eRd, W g .
limbic forebrain structures, whtch;are mmplicatediin tllle' sleep regulation. There are two
sy () oL
ascending pathways, NTS-VM projection and NTS-PBN-PVN/LHA projection. NTS
and VM of the thalamus are well known participating in the regulation of sleep-wake
homeostasis (19). The low-frequency electrical stimulation of the medullary reticular
formation, particularly the dorsal reticular formation and the caudal NTS, produces
cortical synchronization indicative of slow wave sleep (SWS) in an awake animal (14).

Conversely, lesions of the dorsal reticular formation and of the NTS produced

desynchronization of the EEG in a sleeping animal (15). These results suggest the
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existence of neurons in the NTS that are involved in regulating sleep. Furthermore,
microinjection of morphine into the NTS provokes an enhancement of SWS and this
effect is blocked by naloxone (16), suggesting the somnogenic effect of opioidergic
system in the NTS. Our previous studies demonstrate that activation of cholinergic
system in the caudal NTS of the medulla oblongata mediates the enhancement of

non-rapid eye movement (NREM) sleep induced by 10 Hz EA stimulation of Anmian

G - kB LGN

(EX17) acupoints (17). Nonethelﬁss_,r 10 .-.HZJ'..EEA may also increase B-endorphin

concentrations in the NTS, y'hlghf subseqt
.'.,._.' /
- o

that the NTS area is one of‘the/anat

ter@\isf'l@ef,;based upon the evidence of

™
influenced by EA (18). Besi trat th; involvement of the NTS
Sl e B

= ~
opioidergic system in EA_—,_anF@e ep (30). However, the involvement
"5 a&;;l“-‘-"lfs;;. (B
. N L F R . .
of NTS-VM projections in meq?atmgf_"lo. Hi.'fEA-_{nduced sleep alteration remains
Aoyl
RUF T [T

unknown. VM receives opioidergic inputs from the NTS and the activation of opioid

Al

receptors hyperpolarizes neurons of VM (20). According to the projection pathway, we

previously hypothesized that 10 Hz EA alters synaptic strength of the NTS by

enhancement and changes the synaptic activity of the VM by downscaling, which

contribute to the EA-induced SWS enhancement. This hypothesis has been partially

proven by that the EA-induced SWS enhancement was blocked by muscarinic receptor

antagonist in the NTS (18). We herein tried to further elucidate whether the changes of
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synaptic strength in both NTS and VM are caused by morphological alterations of

synaptic density and synaptic size.

3-3 Materials and Methods
3-3-1 Animals
Four male Sprague-Dawley rats (250 ~ 300 g; National Laboratory Animal Breeding

and Research Center, Taiwan) were }11s¢§1 u;th.tsg{uziy The rats were housed separately in
individual cages in the isolq}é‘ﬂ room, il I : te@@rgwe was maintained at 23 + 1
B ) i

—

b

C and the light:dark ré-'y'thm'*_ as ¢ 12 hicycle (40 Watt x 4 tubes

L= ™~
illumination). Food (5001 rodent die wgre available ad libitum. All
- o0 IS

Vi
procedures performed in ﬂlisfsm

o
“nth ]

-— (r':"' S
Cxy '_|-"I

=N

v o
Animal Care and Use Committef:..; =~
L0 Jr::.j'_-'“] .|I ]

3-3-2 Experimental protocol

Two groups of rats were used in the study as follows. Group 1 (n = 4) was used to

determine the alteration of synaptic density and synaptic size in the NTS and VM after

receiving sham EA stimulation, in which EA stimuli were delivered to the non-acupoints

where locate at the ventral conjunction between the forelimb and trunk. Group 2 (n = 4)

was used to determine the alteration of synaptic density and synaptic size in the NTS and
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VM after receiving 10 Hz EA stimulation at the Amnian acupoints. When 10 Hz EA was
given (see later), all rats were lightly anesthetized with ketamine/xylazine, after which rat
woke up in 20 to 25 minutes. A twenty-min period of EA stimulation was administered
before the onset of the dark period, which is consistent with the protocol described in
previous publications (17, 30). The anesthetization was given 25 minutes prior to the dark
period onset and lasted for 20 minutes. Both sham and 10 Hz EA stimuli were performed

before the dark onset on two COIlSCCl_l1ti_V|e days. _T,p_eflo Hz EA stimulus was delivered via

.I = - "
5 aF B T
the bilateral insertion of stgiﬁ‘}e%{g_eed e uge {{1”’
. |

Shanghai Yanglong Medical

Articles Co.) on Anmian\_(:E%:i‘;‘Z points i n:The stimulus consisted of a

.

train of biphasic pulses~(150 us'duration @ of 10 H ith‘inv;onsity of 3 mA, and was
\ _.'.-,:-_’ s
delivered by Functions -Elecxt?_g i 10 Q}fi §’ O Japan). The acupoint
NS *-‘-—-’
=k
“Anmian (EX17)” is located at -mﬂpomt betaweé‘lrﬂc Ylfeng (TH 17) and Fengchi (GB 20);
ooy o7 oy

Yifeng (TH 17) locates posterior to the lobule of the ear in the depression between the

mandible and mastoid process; and Fengchi (GB 20) locates in the depression between

the upper portion of m. sternocleidomastoideus and m. trapezius in human. The location

of Anmian (EX17) in rats is at the relative anatomical location between the

strenocleidomastoideus muscle and the splenius capitis muscle, as in the human acupoint

map. Sham EA was performed by stimulation of a non-acupoint located at the ventral

conjunction between the forelimb and the trunk as previous described (17, 30). Rats were
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sacrificed two hours after the second-day sham EA or 10 Hz EA stimuli. Both tissue
blocks dissected from NTS and VM were collected. Four slices obtained from the rostral,
middle and caudal of NTS and VM were used for observation and counting for the
synaptic density and size. Both synaptic density and synaptic size in the NTS and VM

were determined by transmission electron microscopy (TEM).

3-3-3 Transmission electron micro_sqcopy}(TEM)l_ {
AT o e
oL -

= '_-'.-r -l - ':". T
Brain tissues including NT @"amy 'cte%gnd'@_t into a 0.5 ~ 1.0 mm3 block.
G J Vi

b

The tissue block was ﬁxé'_“a h‘ﬂz

= =
[ L ] 7
postfixed in 1 % osmium fetr one hour. The samples were
- - o B
dehydrated in a grade ethyl alce series (35 ~ o);_‘ppenﬂémbedded in Spurr’s low
Q. D & £

o . . A TR . .
viscosity resin. Ultrathin sectleng were 'made’by arl1 ‘UltraCut E microtome (Rankin

R C 5y oy [y LBl
Biomedical, Holly, MI, USA) and stained with uranyl acetate and lead citrate. Sections

were examined with a JEOL JEM-1400 transmission electron microscope at 80 k'V.

3-3-4 Statistical analyses for experiment protocol
All values of the synaptic density and synaptic size were presented as the mean + SEM
for the indicated sample sizes. One-way analyses of variance (ANOVA) were performed,

comparing between the sham EA group and the 10 Hz EA group. An a level of p = 0.05
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was taken as indicating a statistically significant difference.

3-4 Results

Our results demonstrated that the synaptic density in the NTS was increased after
receiving 10 Hz EA stimuli as compared with the results obtained after sham EA stimuli
(p <0.05, Figure 6A). Arrow heads in Figure 7 demonstrated the location of synapses in

the NTS. The number of synapses_qwzjls_?-ﬂrme}}ic‘éa'lly increased in the NTS after rats

- II = 3 = —L LR
receiving 10 Hz EA stimgl_f'-;(ﬁjgme' - S nal\):}-tc density in the VM was also
T J "

significantly increased Q%’E-'e 10 Hz EMM'Ti compared. j‘&lithf-__ghe results obtained after
| ~ J \ e
e . = . B

sham EA stimuli (p < 0.05, Figure qA).é--o eads in Figure 8 demonstrated the
= oy

location of synapses in tﬁg_V% @ number of syha estﬁpvag;also increased in the VM

:
N g.fg;m“‘l‘-""ﬁi

-

= S . I.:: _'""Il

after rats receiving 10 Hz EA &fi@ulir(:Eligwe 8’,}1EL -TI_L_? total length of synapses counted
o | {.-1‘:!.}-‘!} _.--III.;\.-'- '-- §

from the NTS was also enhanced after 10 Hz EA stimulation (p < 0.05, Figure 6B).

However, the synaptic length counted from the VM was not altered by 10 Hz EA of

Anmian acupoints when comparing with the counts obtained after sham EA stimuli

(Figure 6B).

47



Figure 6. The alterations of synaptic density and the total length of synapses in NTS and

VM obtained after sham EA stimuli and 10 Hz EA stimulation of Anmian acupoints.
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Figure 7. The synaptic morphology in the NTS after receiving 10 Hz EA stimuli of

Anmian acupints.
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Figure 8. The synaptic morphology in the VM after receiving 10 Hz EA stimuli of

Anmian acupints.
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3-5 Discussion

Our previous studies demonstrated that activation of cholinergic system in the caudal
NTS of the medulla oblongata mediates the enhancement of SWS induced by EA
stimulation of Anmian (EX17) acupoints (17). Nonetheless, EA may also increase
B-endorphin concentrations in the NTS, which subsequently alter sleep, because the NTS
area is one of the anatomically distinct B-endorphin pathways in the brain influenced by

EA (18). Besides, results of our pre_\;i(_)\.ls,-jitu_g_li_e§,I _a}so elucidated the involvement of the

) e
A - % P L

NTS opioidergic system in EA¢ind -'o@gﬁ.glgep (30). The EA-induced
- |I L h

A

tly plocked by microinjection of the opioid

enhancement in SWS Y?'ashgb
..;'..

receptor antagonist nalt;;_(oﬁe
7

NTS; administrations of-S;u'{eg%Q:‘.

.

L ] 7
tor antagonist naloxonazine into the

o IS
i

L
¢;and the k-receptor antagonist,

agonist, na

T, 7 1 N . .
nor-binaltrophimine, however, f:ﬁd -not affect E{&ﬂngluced alterations 1in sleep.
e i oyl oL
Furthermore, B-endorphin was significantly increased in both the brainstem and
hippocampus after the EA stimuli, which can be blocked by administration of the
muscarinic antagonist scopolamine into the NTS. Our findings suggests that mechanisms
of EA-induced NREM sleep enhancement may be mediated, in part, by cholinergic
activation, stimulation of the opiodergic neurons to increase the concentrations of

B-endorphin, and the involvement of the p-opioid receptors (30).

Although previous results demonstrate the involvement of NTS in the EA of
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Anmian-induced sleep regulation, the underlying ascending neural pathways need to be
further determined. As aforementioned in the introduction, ascending projections from
the NTS are traced through the lateral and dorsal tegmentum and periventricular gray up
to the rostral pons and midbrain, PBN, VM of thalamus, PVN of hypothalamus, LHA,
preoptic area, bed nucleus of the stria terminalis, amygdala, and the frontal cortex,
regions commonly belonging to the visceral-limbic forebrain (12, 13). In addition, it has

been indicated that NTS directly prc_)%'eqs.tp t_l@ialﬁm}ls (47), and hypothalamus, including

. L G
oL ":I- -

AL =
PVN and LHA (48). In this study; the :
- .|

s

t}w:?y was focused. Anatomic studies

A
revealed that the NTS p{?]éﬁiﬁ‘ (

] ,',-ﬁ—::,.. e
" . * - N
addition to the glutaminergic e p&ﬁ?{?ys 9,50451,52). The PBN locates around
the superior cerebellar pegun%}g» dorsolateral s{63). The PBN is considered a
. S» & D

T, ¥ ead Ty
relay for afferent inputs coming-;t’réha the N'TS tothe t]:lla'l'amus and hypothalamus (50), in

T [y ey [ L
addition to the direct projections from NTS to VM. The PBN involves in a variety of
behavioral and neuroendocrine function, e.g. taste, cardiovascular control, sleep, and
threat behavior (54,55,56,57). Granata and Kitai demonstrated that PBN receives afferent
innervations from the NTS which elicits an excitatory effect on PBN neurons (50).
However, one of recent studies indicates that endomorphinergic neurons, which contain

endomorphin-1 and endomorphin-2 that are the selective endogenous ligands for

p-opioid receptors, exist in the NTS and it project efferent to the PBN (20). Other study
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also  revealed that the  distributions of cell soma  containing
endomorphin-2-immunoreactivity (ir) are prominent in the NTS, and the
endomorphin-2-ir varicose fibers locate in both NTS and PBN (58). In addition,
endomorphin-2-ir is widely distributed throughout the CNS and associated with brain
regions expressing p-opioid receptors, such as thalamic nuclei and hypothalamic nuclei
(58). It also has been shown that the p-receptor is highly expressed and distributed in the

PBN and most thalamic nuclei (e.g. _\{M)f@nq.!-thg.l _d}stribution of k-receptor is moderately

'|| X E ___q-EI_ ‘r..r'

in the PBN. The synaptic_,l.lbl"i'ﬁ;.quas' Q‘}%m{é;:that sleep play a role in the
- ) Y

b

regulation of synaptic éﬁreﬁg‘t_ n th‘é"ﬁ‘ll\is, it hypothesizes that wakefulness is

.

L 1 L]
associated with synaptie¢ pote 'atioln a ﬁtf ep is related to the synaptic
.~ oy

downscaling (59). It has l;ég:n %Ec

W e
“nth ]

Yo Som
: Y i Wy .
occurs when organisms are awaalr(e to:f_l!hte.‘ract‘'.'1i2\71th.l the environment and to acquire
< '..;l:'__‘,: o [ il I

information, which causes EEG activation and the information storage. When sleep

N

occurs, virtual disconnection from the environment triggers depolarizing-hyperpolarizing

slow oscillations of the membrane potential which result in highly synchronized EEG.

However, the repeated depolarizing-hyperpolarizing sequences cause the down-scaling

of the synapses impinging on the postsynaptic neurons (59). Therefore, we hypothesized

that EA-induced enhancement of SWS is associated with the changes of synaptic strength

in the NTS and VM.
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Our results demonstrated that 10 Hz EA of Anmian acupoints significantly enhanced
the synaptic density and the total length of synapses in the NTS, suggesting the synaptic
plasticity of the cholinergic excitatory inputs has been initiated by morphological changes
in synapse and subsequently enhanced synaptic strength in the NTS. Furthermore, the
density of synapses in the VM was also increased after 10 Hz EA stimuli, demonstrating
the alteration of synaptic plasticity of opioidergic synapses occurred in VM and

subsequently downscaled synaptic s‘_cﬁe_nlg_tl} inthe V_L.M However, there was no significant

I .k il' :_-‘.=._ _-F'

iy i [} =
= &

E
alteration of synaptic lengtj}'ﬁl the V
)

Vi{l\%__ﬂ.(.)é-ﬂg EA of Anmian acupoints.

These results implicateq:i_f-héfﬁﬁl_ easerﬁ'hiiap ¢ densit aggﬂr synaptlc size may partially
= |
L
contribute to the up-regulatio of t NTS a-fter rats received 10 Hz
g”t}ﬁqu only caused by increase

'--l L

sy111 t1 g

EA stimuli, while the dogv_psq%i:‘}_n [ synaptl
) ) T, Y .t. > 23
of synaptic density. < .- = . ‘-‘f o 'I-

3-6 Conclusion

In summary, our current results demonstrated that 10 Hz EA stimuli of Anmian (EX17)

acupoints changed synaptic morphology in both NTS and VM. The up-regulation of

synaptic strength of NTS may explain the mechanism of 10 Hz EA-induced SWS

enhancement which we reported previously. Nevertheless, the cause of downscaling of

the opioidergic (inhibitory) synaptic strength in the VM needs further investigation by

employing electrophysiological recordings.
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Chapter 4. Kappa-opioid Receptors in the Caudal Nucleus Tractus Solitarius (NTS)
Mediate 100 Hz Electroacupuncture-induced Sleep Activities in Rats
4-1 Abstract
Previous results demonstrated that 10 Hz electroacupuncture (EA) of Anmian
acupoints in rats during the dark period enhances slow wave sleep (SWS), which involves
the induction of cholinergic activity in the caudal nucleus tractus solitarius (NTS) and

subsequent activation of opioidergig:1 neurons and }t—receptors. Studies have shown that

-'."I-' w7t T

different kinds of endog_gﬁdug opi . ﬁ@-. feceptors may mediate

N

consequences of EA WETI '-- erein Wg,fu;gler elucidated that high
) ~
frequency (100 Hz) EA of An the dark period, but exhibited
7 i 9
no direct effect on rapid eye g%oy P. fg@fnqquency EA-induced SWS
O, SF =& 4

.-" B thrs :.'-. '. R .
enhancement was dose-dependeﬁtigl bl(')ni_ked.by&ﬁ:;crqinjectlon of naloxone or k-receptor
e iy oy (o) LLSLR
antagonist (nor-binaltrophimine) into the caudal NTS, but was affected neither by
p-(naloxonazine) nor d-receptor antagonists (natrindole), suggesting the role of NTS

K-receptors in the high frequency EA-induced SWS enhancement. Current and previous

results depict the opioid mechanisms of EA-induced sleep.

4-2 Introduction

Neuropeptides, along with neurotransmitters, mediate various underlying mechanisms

58



of neural functions and behaviors (e.g. opioid peptides in pain control (21),
corticotrophin-releasing hormone (CRH) in stress-related behavior and sleep-wake
regulation (22), hypocretin in feeding behavior and in the maintenance of vigilance states
(23), and etc.). Discovery of endogenous opioid peptides, including B-endorphin,
dynorphin, enkephalin and endomorphin, in the central nervous system (CNS) reveals the
mysterious actions of acupuncture, especially in its analgesic effect. It had first been

demonstrated that the acupuncture_—qinqluqed_{-ax],ﬂl%esic effect could be blocked by a
g o
PF F B N

A o e .
broad-spectrum opioid rec_q‘pi"or m;a xone in:both humans and mice (24,25),

70, N
implicating the role of endbgé_ us pe]?ﬁﬂ“exs. Chang-and Pomeranz had revealed
] I .:ﬂ_:"i - B
that relatively low doses “of 'naloxo e'ﬁf.‘b ck analgesic effect induced by
e 3 || -'.5-':'-' 2
low-frequency (4 Hz) ofe _lec;{];aa puncture (EA itl ufaﬁonz but not the consequence

s “-‘-" & 60

induced by high-frequency (200 ﬁz) Gf EA 6‘2’6) sug'gestlng that the low-frequency,
oo o (5] [

rather than the high-frequency, of EA increases the release of endogenous opioids.

Nevertheless, Han and his colleagues have further shown that the increase of endogenous

opioids mediates the analgesic effects induced by both the low-frequency and

high-frequency EA stimuli by employing distinct opioid receptor subtype-specific

antagonists (27,28). While p- and d-opioid receptors in the spinal cord are dominant in

the low-frequency EA-induced analgesia, «k-opioid receptors contribute to the

high-frequency EA effects (27, 28). Radioimmunoassay of spinal perfusates from rats
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receiving various frequencies of EA stimulations further indicates that 2 Hz EA enhances

enkephalin (a mixed p- and $-opioid receptor agonist) immunoreactivity (IR), 4 but not

the dynorphin (k-opioid receptor agonist) IR. In contrast, 100 Hz EA increases dynorphin

IR rather than enkephalin IR (29).

Our previous results have shown that 10 Hz EA at Anmian (EX17) acupoints

increases slow wave sleep (SWS) in rats, which involves the induction of cholinergic

activity in the caudal nucleus tractus_qs(_)]fil_:a,rie_g O}IT_;) (17, 30). The NTS is located in the
L i
@ -4 % ok i

o]
=

7

dorsomedial medulla oblongé"l:é. ,_:.ﬁ;§_ce tiqnl\ff*:f.r.o‘;ﬁl;the NTS are traced through
- ) Y

A -

T &

the lateral and dorsal tégmen arld"biri/e ricular gray-up to the rostral pons and

i
L
midbrain, and terminate in t
-.'.-\._l?__
thalamus, hypothalamus, _pre%pg a

(fl:.-.l.:_l
. A e V. . .
and the frontal cortex, regions ijléinorﬂy' belonging t_? the visceral-limbic forebrain (12,
Aoyl

RUF T [T

13). From these anatomical data, it does not appear that the predominant effect of the

.

L
hich ‘in turn projects to the
ol

i -
, bed nucleus f-{._t'_l:l:e stria terminalis, amygdala,

e l\.'“'." ~'|
- i

NTS is via the reticular activating system but instead is via limbic forebrain structures,
which are implicated in the sleep regulation. Furthermore, the low-frequency electrical
stimulation of the medullary reticular formation, particularly the dorsal reticular
formation and the caudal NTS, produces cortical synchronization indicative of SWS in
an awake animal (14). Conversely, lesions of the dorsal reticular formation and of the

NTS produced desynchronization of the EEG in a sleeping animal (15). These results all
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suggest that the existence of neurons in the NTS is involved in generating sleep.
Furthermore, microinjection of morphine into the NTS provokes an enhancement of
SWS and this effect is blocked by naloxone (16), suggesting the somnogenic effect of
opioidergic system in the NTS. The involvement of opioidergic system in EA’s
therapeutic indications other than the analgesia (e.g. insomnia) has been less discussed
in literature. Our previous study has revealed that 10 Hz (low frequency) EA stimulation

of Anmian acupoints increases the c?mienﬁrat}ogs of B-endorphin in the brainstem,

o ."'r o
T i
which consequently enhanqeéfi}&’ﬁ)gﬁ i at'opjgﬁly p-opioid receptors, rather
than the 6- and «- op101d rebeﬁ rs, i cauchI'NTS 0)5,,H0wever it has never been
< ~
L] 7
determined whether different lations: at Anmian acupoints
= o B
'| ?- v .\_‘
activate distinct opioid re __eptgt;m . Thig gu rﬂt.:gtudy was designed to clarify
£ '."1'
i, i
what type(s) of opioid recep’tci:f 18 .a('are.) ﬁi!}folved'; 1n high-frequency (100 Hz)
L ol k2
W

EA-induced sleep alterations.

4-3 Materials and Methods

4-3-1 Pharmacological agents

Stock solutions of a broad spectrum opioid antagonist (naloxone hydrochloride

(Tocris, Bristol, UK)), a p-receptor antagonist (naloxonazine dihydrochloride (Tocris)),

a o-receptor antagonist (naltrindole hydrochloride (Tocris)) and a k-receptor antagonist
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(nor-binaltorphimine dihydrochloride (Tocris)) were dissolved in pyrogen-free saline
(PFS). The stock solutions were stored at 4°C until use. Naloxone, naloxonazine,
naltrindole and nor-binaltorphimine were microinjected at three different doses, 0.1, 1.0

and 10 pg/pl. The total volume used for each microinjection was 1 pl.

4-3-2 Animals
Male Sprague-Dawley rats (250 ]J 300 g; _N_aj;iogal Laboratory Animal Breeding and
I- b h ::'"'.' -’r

TH E= - | - e i
| o :

:. ¥ T 5 ' ':'.__ i
Research Center, Taiwan): '\vif@xﬁd_ usg "~ st\u.<&3(. "Rats were anesthetized by
A Y
A =
1ntraperltonealelectrode&;_W'er_é‘_ utecWe n*pedes . 1 ﬁlaglcs One, Roanoke, VA,
. r—_— . B .
USA). The Teflon pedestal wa$ then ¢ with dental acrylic (Tempron,
R ooy |
GC Co., Tokyo, Japan). Th_e g%ms lsf'ryutt'x polysporin (polymixin B

. e, ¥ o el W )
sulfate-bacitracin zinc) and the-a;nﬁna}&vzere allowed. to recover for seven days prior to

£ S
the initiation of experiments. The rats were housed separately in individual recording
cages in the isolated room, in which the temperature was maintained at 23 = 1°C and the
light:dark rhythm was controlled in a 12:12 h cycle (40 Watt x 4 tubes illumination).
Food (5001 rodent diet, LabDiet) and water were available ad libitum. All procedures

performed in this study were approved by the National Taiwan University Animal Care

and Use Committee.
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4-3-3 Experimental protocol

On the 2™ postsurgical day, the rats were connected to the recording apparatus (see
below) via a flexible tether. As such, the rats were allowed relatively unrestricted
movement within their own cages. Three groups of rats were used in the study as
follows:_group 1 (n = 8) was used to determine the effects of opioid receptor antagonist
(naloxone) on 100 Hz EA-induced alterations in sleep; group 2 (n = 8) was used to

depict the effects of p-receptor anta%qqistj-(n,glp)lgp?azine) on 100 Hz EA-induced sleep
AR i

% * LT

A - = e
alterations; group 3 (n = Q'%a,s-,fg_se to-elueidate g}“?:ﬁeffedgts of d-receptor antagonist
- I| A i
A -
(naltrindole) and K-reciptdﬁ'_é_ agor»ﬁ?‘(ﬁ -binaltorphimine) on 100 Hz EA-induced

|

™
alterations in sleep. One: wee e '1'2::}2-hour light:dark cycle

- o B
r ?" e I8
= N
after surgery, a 24-hour _L}Ild%?‘ﬁu e i g8 ywere obtained beginning at
_-._.'.... (f': _é::. .y - .::.%". r v." -

o b [ ] i T |
dark onset on the Ist recording-dai in-rats fnom"éih gr(lmps. When 100 Hz EA was given
iy [
(see later), all rats were lightly anesthetized with one-third of the dose of
ketamine/xylazine used in the surgery, after which rat woke up in 20 to 25 minutes. A
twenty-min period of EA stimulation was administered before the onset of the dark
period. The anesthetization was given 25 minutes prior to the dark period onset and
lasted for 20 minutes. The rationale for carrying out the experiment in the darkness is

that rats are active with a lowest level of sleep during the dark period, and a

manipulation, if it possesses ability to increase sleep, would significantly augment sleep
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during the dark period. In contrast, it may not be easy to enhance sleep during the light
period when sleep activity is at its highest circadian level. Since we expected to find a
sleep enhancement after the 100 Hz EA stimuli at the Anmian (EX17), we therefore
manipulated the EA stimulation before the onset of the dark period and analyzed the
sleep alteration during the subsequent dark period. The rats in group 1 were
intraperitoneally (IP) administered PFS and microinjected with PFS into the caudal NTS

(i;pPFS+PFS) at 25 minutes prior to.the d@ﬂ(_,l_odl}set on two consecutive days, and

o : 5

- xF B G
recordings obtained for 2_61'-'11 beginni .
- )

he$§6$¢ injection. The effects of

A ™=
B oy 70, N
anesthesia with the N‘:T_‘S “migcroinj tﬁ‘af-of S (ipketamine+PFS) on sleep were
& . | ;:ﬂ_:h ﬂ . =
determined after IP injection n tﬁﬁir e NTS PFS microinjection on
- ol
' 5, rd o iy, i '
two consecutive days. A'100 "Ii‘h EA (jpketar b FS+sham EA) was delivered to
-.'-..... (f':_;_l.: - - .::-? ;":_ 1 .. "'l

3

. ¥ o o R . .
control for the non-specific effcjc} of-the electrieal s‘flmulatlon, although our previous
Aoyl
RUF T [T

study had confirmed that no non-specific effect was observed after the sham EA (17,

30). The 100 Hz EA stimuli under anesthesia (jketamine+PFS+EA) were also

performed before the dark onset on two consecutive days, and sleep-wake behavior after

the second 100 Hz EA stimulation was then determined. Subsequently, three different

doses (0.1, 1.0 and 10 pg) of naloxone (j,ketamine+naloxone+EA) were administered

25 minutes prior to the dark onset on the second day of 100 Hz EA stimulation, and the

24-h sleep pattern determined. At least one day without injections was scheduled
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between each manipulation. The 100 Hz EA stimulus was delivered via the bilateral
insertion of stainless needles (32 gauge x 17, Shanghai Yanglong Medical Articles Co.)
on Anmian (EX17) points in the depth of 2 mm. The stimulus consisted of a train of
biphasic pulses (150 ps duration each) of 100 Hz with intensity of 3 mA, and was
delivered by Functions Electrical Stimulator (Trio 300, I.T.O., Japan). The acupoint
“Anmian (EX17)” is located at midpoint between Yifeng (TH 17) and Fengchi (GB 20);

Yifeng (TH 17) locates posterior to 1ther lobule of E‘he ear in the depression between the
L i
@ -4 ﬁg - S

mandible and mastoid proqg's"si ;;Figl F
- ]

idomﬁhuiieu a

r—

20 ..‘19955@ in the depression between

apezius in human. The location

N

the upper portion of m. éfer‘no‘c

L] ™~

L 1 L
of Anmian (EX17) i rats is at théeg-ﬁi el anatomical location between the
=1 - -_'::."." r.h
l?- “-l"b ALy '\-\.‘

strenocleidomastoideus musg{;e_\ he splenius| capitis; muscle, as in the human
e 5 2 2]

T, ¥ T Mg
acupoint map. Sham EA was peff§med_—'_‘"by stitﬂiilatioln'of a non-acupoint located at the
sy () oL
ventral conjunction between the forelimb and the trunk as previous described (17). Rats

in group 2 received a similar protocol as those in group 1, except that the substance

administered was naloxonazine (j,ketamine+naloxonazine+EA). Those rats in group 3

underwent a similar protocol as those in groups 1 and 2, except that the substances

administered were naltrindole (j,ketamine+naltrindole+EA) and nor-binaltorphimine

(ipketamine+nor-binaltorphimine+EA). There was a week interval between the

administrations of three doses of naltrindole and those of three doses of
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nor-binaltorphimine.

4-3-4 Apparatus and recording

Signals from the EEG electrodes were fed into an amplifier (Colbourn Instruments,
Lehigh Valley, PA; model V75-01). The EEG was amplified (factor of 5,000) and
analog bandpass filtered between 0.1 and 40 Hz (frequency response: £3 dB; filter

frequency roll off: 12 dB / octjaiV(;}.__-:’Gr_gs_sﬁ_l_)dgdy movements were detected by
AT e
o
custom-made infrared-based "'m,oﬁgn
-

= N o T
¥ =

W
: iob{‘s:,ewé 'GmbH, Germany), and the

|'I,..I --
movement activity was convertéd to avoltage t which-was digitized and integrated
< -
Ld 7
into 1-s bins. These eonditi ross body movements) were

o B

subjected to analog-to-di-gi_talegn

AN el
.':-' o s - _' ': T =, "]
Hz (NI PCI-6033E; National Iﬁsg;umen_fs, Au§£1'£-, T:%()';: he digitized EEG waveform
el
£3Tr oy [

and integrated values for body movement were stored as binary computer files pending

Pt
oCision at a sampling rate of 128

subsequent analyses.

Postacquisition determination of the vigilance state was done by visual scoring of
12-s epochs using custom software (ICELUS, Mark R. Opp) written in LabView for
Windows (National Instruments). The animal’s behavior was classified as either SWS,
REM sleep or waking based on previously defined criteria (60). Briefly, SWS is

characterized by large-amplitude EEG slow waves, high power density values in the
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delta frequency band (0.5 ~ 4.0 Hz), and lack of gross body movements. During REM
sleep, the amplitude of the EEG is reduced, the predominant EEG power density occurs
within the theta frequency (6.0 ~ 9.0 Hz) and there are phasic body twitches. During
waking, the rats are generally active. There are protracted body movements. The
amplitude of the EEG is similar to that observed during REM sleep, but power density
values in the delta frequency band are generally greater than those in theta frequency

band. N o ey

2,
4-3-5 Statistical analyses fdﬁe peri e
-
All values acquired 'ﬁ.'om S resented as the mean + SEM
— ol g r-_.;
v o
for the indicated sample s_izes C y analyses lof v, ia“mse.-('ANOVA) for the duration
:_\'-l (rl“ '\-J ':'-\%'::- ”"I
of each vigilance state (SWS, REM sleep, WAKE) and fpr sleep architecture parameters
= Jr - .I'
W

were performed, comparing before and after manipulation within subjects, across a

certain of time block. An a level of p = 0.05 was taken as indicating a statistically

significant difference. If statistically significant differences were detected, a Scheffe post

hoc comparison was made to determine which hourly intervals during experimental

conditions deviated from values obtained from the same animals during control

conditions.
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4-4 Results

4-4-1 The effect of naloxone on the 100 Hz EA-induced alterations in sleep

Anesthetization of rats for 25 minutes with ketamine/xylazine prior to the dark period

suppressed both SWS and REM sleep during the first few hours of the dark period,

which is consistent with our previous findings and the possible mechanisms was

discussed later (17,30). The percentage of time spent in SWS during the first 2-h period

I p = - .
|| - " f‘r _1,1‘=I.

L
+ 1.4 % (p < 0.05; Figure_:,ﬁ9'3éx)*;.;h_9w or s niﬁ\gi‘\z}nt’éheration was detected when
- II A i

after jpketamine+PFS was decreasedqfr_qmﬂZ_Ad;l _3£.__8 % acquired after ;,PFS+PFS to 5.2
. i B B ’r -

b

SWS during the 12-h:'_(:)f‘:-}:i1; >/ dar iod was, ana #zr;df 1?1_ group 1 (F = 1.269,
<
non-significance (n.s.);;-}_? ingre 1cz;nt]:jL suppressed from 5.5 +
Ve iy
0.6 % obtained after mPF-S_.JrP?E_Si.__’ : re.’_é_.};:afi;,@'r ipketamine+PFS during
= f_,:-'*‘%" 4w

the 12-h of the dark period (15,——-'1?823‘;’15 <.O.0:‘1::§Fig111m.'91b), especially during the first
iy [

3-h after the administrations (Figure 9C). Application of 100 Hz sham EA did not alter
any aspect of sleep parameters (data not shown), which is similar to our previous
observation (17,30). Twenty-minute of 100 Hz EA stimuli delivered before the dark
period on two consecutive days significantly augmented SWS during the
post-manipulation hours 5-8 and hour-11 (Figure 9A). Analysis of 12-h dark period

revealed that SWS was enhanced from 14.8 + 1.6 % after ;,ketamine+PFS to 21.2 £ 1.6

% after jpketaminet+PFS+EA (F = 9.392, p < 0.05; Figure 9B). The percentage of time
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spent in SWS during hours 5-8 increased from 17.5 + 2.1 % obtained after

ipketamine+PFS to 29.3 + 2.6 % after jketamine+PFS+EA (p < 0.05; Figure 9A). The

percentage of SWS during the 11-h was also enhanced from 28.0 + 7.3 % to 36.9 + 4.2
% (p < 0.05; Figure 9B). However, REM sleep was not significantly altered by 100 Hz
EA (Figure 9C & 9D).

Administration of three different doses (0.1, 1.0 and 10.0 pg) of naloxone, a broad

spectrum opioid antagonist, into tl_lqe_?a_:;}da_]f N‘IE, dose-dependently blocked 100 Hz

o By
I":" g

EA-induced increases of \VS,' Spec postsmanipulation hours 5-8 (Figure
SWS, ‘e oSt magip

/! 1
N =

8 e <20
9A & 9B). Across the egfcfiréiﬁ_ dark'period recording, s WS was suppressed from 21.2

+ 1.6 % after jketamine+PF t TZ I % after j;ketamine+naloxone (10.0
. - g
:'-._ l?- @ e '\-\.‘

ug)+EA (F = 18.457, p < _QOM%;' 10A & 10B), while:ng significant alteration was

-l" = i i AT . ¥
detected in REM sleep after adm'in?stratt_dn of nélﬁxonf.ilnto the caudal NTS.

2 2 ey o o Lely
4-4-2 The effect of naloxonazine on the 100 Hz EA-induced alterations in sleep
In group 2, the effects of ketamine (suppression of SWS and REM sleep during the
first few hours after administrations) and the enhancement of SWS during hours 5-8
after receiving 100 Hz EA stimuli were reproduced as those discovered in group 1
(Figure 10A & 10C). Administration of p-opioid receptor antagonist, naloxonazine, into

the caudal NTS exhibited no significant effect on the 100 Hz EA-induced SWS
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enhancement (Figure 10A & 10B). Naloxonazine also had no effect on REM sleep

(Figure 10C & 10D).

4-4-3 The effect of naltrindole on the 100 Hz EA-induced alterations in sleep
In group 3, the effects of ketamine (suppression of SWS and REM sleep during the
first few hours after administrations) and the enhancement of SWS during hours 5-8 and

hours 11-12 after receiving 100 HZF@ g}m_\_.tliu;}{y%rre also reproduced as those found in

b L * i ':*:- AT

& 2 B
roups 1 and 2 (Figure 1 A& 10) inistratiof<of 8-opioid receptor antagonist,
& N S NG

N

S

+
naltrindole, into the Q:ilidér-"‘_

<,
éﬂdlized no significant effect on the 100 Hz

EA-induced SWS enha._n_sce;ne Figu e? IB).

: I

]

ltri'ndc_'r_le had no further effect

ol
N,

on REM sleep (Figure II-Q& 1

4-4-4 The effect of nor-binaltorphimine on the 100 Hz EA-induced alterations in sleep

In group 3, our results indicate that the enhancement of SWS during hours 5-8 and

hours 11-12 induced by 100 Hz EA stimuli was dose-dependently blocked by the

K-opioid receptor antagonist, nor-binaltorphimine. The percentage of time spent in SWS

across the entire 12-h dark period was suppressed from 25.6 + 2.6 % obtained after

ipketamine+PFS+EA to 21.1 £2.6 % (F=3.574,n.s.), 19.3 + 2.4 % (F =9.784, p < 0.05)

and 19.0 = 2.4 % (F = 9.897, p < 0.05; Figure 12A & 12B) after administrations of 0.1,
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1.0 and 10 pg of nor-binaltorphimine, respectively. The effect of nor-binaltorphimine on
blocking the 100 Hz EA-induced SWS enhancement was dominantly occurred during

hours 4-7 and hours 11-12 (Figure 12A). Nor-binaltorphimine exhibited no effect on

REM sleep (Figure 12C & 12D).
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Figure 9. The effects of high frequency (100 Hz) stimulation by EA at Anmian (EX17)
acupoints on vigilance states and the effect of naloxone. Shade area: ;,PFS+PFS, open
circles: jketamine+PFS, closed circles: jketamine+PFS+EA, open ftriangles:
ipketamine+naloxone (10 pug)+EA. * represents a statistically significant difference
between the values obtained from jketamine+PFS and ;,PFS+PFS. § depicts a
statistically ~ significant  difference  between the values obtained from
ipketamine+PFS+EA and ipketami{g%ﬁﬁg}ﬁﬁ@g&fﬁs.trates a statistically significant

'I;,‘::l '_1-‘.% e TR

= 5 a0
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Figure 10. The effects of naloxonazine on 100 Hz EA-induced alterations in sleep.

Shade area: ;;PFS+PFS, open circles: jketaminet+PFS, closed circles:

ipketamine+PFS+EA, open triangles: jketamine+naloxonazine (10 pg)+EA. *

represents a statistically significant difference between the values obtained from

ipketamine+PFS and ;,PFS+PFS. § depicts a statistically significant difference between

the values obtained from j,ketamine+PFS+EA and j,ketamine+PFS.
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Figure 11. The effects of naltrindole on 100 Hz EA-induced alterations in sleep. Shade
area: ;,PFS+PFS, open circles: jketamine+PFS, closed circles: jketamine+PFS+EA,
open triangles: jketaminetnaltrindole (10 pg)+EA. * represents a statistically
significant difference between the values obtained from j,ketamine+PFS and ;,PFS+PFS.
§ depicts a statistically significant difference between the values obtained from

ipketamine+PFS+EA and j,ketamine+PFS.
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Figure 12. The effects of nor-binaltorphimine on 100 Hz EA-induced alterations in sleep.
Shade area: ;;PFS+PFS, open circles: jketaminetPFS, closed circles:
ipketamine+PFS+EA, open triangles: jketamine+nor-binaltorphimine (10 pg)+EA. *
represents a statistically significant difference between the values obtained from
ipketamine+PFS and i,PFS+PFS. § depicts a statistically significant difference between

the values obtained from jketamine+PFS+EA and i ketamine+PFS. # demonstrates a

statistically  significant dlfferen%%t% values obtained from
ii:
i A
ipketamine+PFS+EA and ;, +n h
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Figure 13. A hypothetical model by which different frequencies of EA Anmian (EX17)

alter SWS through different opioid receptors in the caudal NTS. B-EN: B-endorphin;

DYN: dynorphin.
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4-5 Discussion

Acupuncture and electroacupuncture (EA) have been recommended as an alternative
medicine for several therapeutic indications by the World Health Organization (WHO),
such as alleviation of pain, reduction of inflammation and management of insomnia.
The theory underlying EA is still controversial, although the action of EA has been

widely discussed in literature. The discovery of endogenous opioid peptides, including

3

investigation of underlyinghfﬂ'ec’hﬁms
- )

enkephalin, B-endorphin, dynorphi_rql and deg{n;romhin, since 1970’s enhances the
i = _*- Tae

.

Q@lyﬁg the EA-induced analgesia.

A :
Three main receptor su‘b\"f_ypes“_ the qﬁhi’d-rer(e'f)‘tors, including the p-, 3- and x-opioid

L] ™~

bl - L ]
receptors, in the spinal eord have been inﬁﬂ in in the mechanisms of
- ol
‘i arm T
EA-induced analgesia. Endormorphin and dy *'p n'are respectively considered as
o SR - Lg;'j:'-_ _' %

=)

riTs ki h
1d receptor é@onis{rs'ﬁ(él,&), while enkephalin and
Aoyl
RUF T [T

B-endorphin are mixed p- and 6- opioid receptor agonists (review (21, 63). Han and his

-

the relatively pure p- and K'-oﬁig

colleagues have revealed that low frequency (2 Hz) EA increases met-enkephalin, but
not dynorphin, in the spinal cord; while high frequency (100 HZ) EA increases the
release of dynorphin rather than that of met-enkephalin (29). The stimulation of EA
between low and high frequency (e.g. 15 Hz) activates both enkephalins and dynorphins
(29). They further demonstrated that the analgesic effect induced by low-frequency EA

stimulation is mediated by p- and/or §-opioid receptors; in contrast, high-frequency
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EA-induced analgesia is mediated by k-opioid receptors (27, 28). These observations
suggest that different endogenous opioid peptides would be released and act on distinct
opioid receptors in the spinal cord under different stimulating conditions of EA.
However, the involvement of opioid receptors in sleep alteration under different
stimulating conditions of EA remains undetermined.

We previously demonstrated that 10 Hz EA stimuli of Anmian (EX17) acupoints in

anesthetized rats for 20 minutes pqri_o,r to _I!hcﬁbgginning of the dark period of the
i e EGE
g kS BE NG

_\jl:l 5
nces SWS during the subsequent dark

light:dark cycle in two cqp'slbcpﬁy,e
J

.-.,,_,'

S

period (17,30). Our resﬁ!ts'-ﬂl's_ 1 Hz EA-induced SWS enhancement

|

. . L = - - 55
may be mediated, in part, by al o‘lﬁ'r-lc fer. to the caudal NTS (17, 30).
% ‘-_’ s

— ?__ el
Wil
There are two anatomica _lly\{)shs inct| B-endorph h’wayg in the brain; the major

({_5,’*

pathway originates in the arcuate nucleus and tlf@tmlnor'pne is in the area of the NTS of
= J-' b
Sy |

the caudal medulla (18). Furthermore, dynorphln is also expressed in neurons of the

brainstem NTS (64). The anatomical distributions of opioid receptors and peptides in

the CNS have well described by Mansour et al. in 1988 (65). The neurons containing

pro-opiomelanocortin (POMC), pro-enkephalin and pro-dynorphin are abundant in the

NTS (65). The p- and x-opioid receptors are localized in the caudal NTS with a highly

density, however little or no &-opioid receptor can be observed in the brainstem,

including the NTS (65). Our previous results have depicted that the SWS enhancement
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after 10 Hz EA of Anmian acupoints is mediated by increasing the concentrations of
B-endorphin and activation of the p-opioid receptors in the NTS (30). Herein we tried to
further elucidate whether high frequency (100 Hz) EA stimulation of Anmian acupoints
also elicits similar effect of sleep enhancement and whether the sleep alterations under
different EA stimulation conditions are mediated by distinct opioid receptors. Our
current results demonstrated that 100 Hz (high frequency) EA stimuli of Anmian (EX17)

acupoints in anesthetized rats for 20 minutes;in.two consecutive days enhanced SWS,
L 3 *J"" e
A B ¥ o :I' s

' = o L .
but not REM sleep, during ﬁqe;.ﬁ’udbse (@\E}p) period. The enhancement of
- )

-

I|:,..-P""
EA tlmulatlon (30), indicating both

L
L] . ™~

low-frequency (10 Hz) and stimuli possesses ability to
- e B

“{

oY

o~
loXotie; a broad spectrum of opioid

alter SWS in the same d1_,ect1fcn 1' 1cat10n of
l\.'“'." . ~'|
b

J’_;J

> = b
receptor antagonist, was used t§ detetmme ‘ﬁle mvblvement of NTS opioidergic

e i) ”
receptors in the 100 Hz EA-induced 1ncre‘;sej of SWS. We found that administration of
naloxone directly into the caudal NTS dose-dependently blocked 100 Hz EA-induced
SWS enhancement during the dark period, implicating the involvement of endogenous
opiates in the caudal NTS. A potential role for three major opioid receptors, p-, 8- and
K-receptors, was then determined by application of specific receptor antagonists. Our

results demonstrated that nor-binaltorphimine, a k-opioid receptor antagonist, exhibited

a similar dose-dependent effect on blocking 100 Hz EA-induced SWS enhancement as
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that of naloxone; whereas naloxonazine (a p-opioid receptor antagonist) and naltrindole
(a d-opioid receptor antagonist) had no effect. These observation combining with our
previous results — p-opioid receptors mediate 10 Hz EA-induced SWS enhancement
(30) — suggest that distinct opioid receptors in the NTS involve in different
stimulation frequencies of EA-induced SWS enhancement, which is similar to the
underlying mechanisms of EA-induced analgesia in the spinal cord as reported by Han
and his colleagues (21,27). T (G o) 8

P T Y

In order to perform the IQO IH;.EA stimu rats were lightly anesthetized. We
A

found that both SWS alia_: R—E

S

I|:,..-P""
v ‘hours of the dark period were

i
L]
decreased after rats recevered mine ic. Th:e decreases in SWS and
— \ -\._l?__
REM sleep were also obse_rye% rev1ous stu K{etamlne a cyclohexanone

_'- b (f': e l:-‘:! X
ke jul 3

5 .
derivative, is used clinically as: a dlS‘SdClathé' 'ﬂnes{hetlc agent both in humans and

o ey Yy 1y LGl

animals. Ketamine is a noncompetitive N-methyl-D-aspartate (NMDA) receptor
antagonist that blocks cation channels (37). It has been demonstrated that administration
of ketamine or MK-801, another NMDA receptor antagonist, at sub-anesthetic doses
produces a robust, dose-dependent increase in the intensity of d-power of the NREM
sleep (38,39). Furthermore, the effect of MK-801 by increasing the metabolic rate in the

hippocampus and other limbic structures stimulates physiological sleep that is similar to

the sleep that follows sleep deprivation, indicating the need of homeostatic recovery (40).
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Therefore, the suppression of NREM and REM sleep after recovery from the ketamine
anesthetization during the beginning of the dark period may be due to a homeostatic
compensation to the previous anesthetic state. However, this explanation needs to be

further investigated.

4-6 Conclusion

In summary, our current results de 0 str-at that 100 Hz EA stimuli of Anmian
ry. IIFl ns| .

1,~.-

] ™~

= . e B '
previous observation of invol receptors in 10 Hz EA-induced SWS
24 L s (B
'-II-| T, ol
e A6
\7 9

enhancement, we conclugcdlyha

Y 4
g
low-frequency (10 Hz) EA- mdnced SWS a.lteljéhon 1w]inle k-opioid receptors mediate

'l"_‘". -1‘:!.:":-_:":‘-._].;., '-- '}

the high-frequency (100 Hz) EA-induced SWS enhancement. A diagram elucidating one

opioid receﬂlt o1 m,ﬁr}the.,-ﬁi:audal NTS mediate the

hypothetical mechanism by which different frequencies of EA at Anmian (EX17) alters

sleep is depicted in Figure 13.
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Chapter 5. Conclusions
In summary, our current results demonstrate that EA stimuli of Anmian (EX17)
acupoints enhance NREM sleep and this enhancement is blocked by naloxone and
naloxonazine, while inhibiting p-opioid receptors from functioning. Furthermore, the
activation of NTS muscrainic receptors after low-frequency EA stimuli increases
concentrations of B-endorphin, which mediates the enhancement of NREM sleep after EA

stimuli of Anmian (EX17) acupoin_tqs._ p_epiqj_fedﬁ@l} Fig. 5 is a diagram elucidating one
i = L
|| - 4y E '*:- L ..;-'

A L ¥
hypothetical mechanism byhm}higl;r EA
J

1 E{\ﬂ\) alters sleep.
nor-binaltorphimine, imﬁljgin\%}_’_l}h
B, £ _::

lusi stlmuh of Anmian (EX17)
efthan¢ement is blacked by naloxone and
1at10n of ﬂmecgptors By comparing our
S =)

T
previous observations of 1nvolvement oﬁu oplof(ireceptﬁ)rs in the enhancement of 10 Hz
= R ] L | K
EA-induced NREM sleep with new ones, we concluded that p-opioid receptors in the

acupoints enhance NREM sl
— >

caudal NTS mediated the low-frequency (10 Hz) EA-induced NREM sleep alteration,

while k-opioid receptors mediated the high-frequency (100 Hz) EA-induced NREM

sleep enhancement. Depicted in Figure 5 is a diagram elucidating one hypothetical

mechanism by which different frequencies of EA at Anmian (EX17) alters sleep.

All told, our current results demonstrated that 10 Hz EA stimuli of Anmian (EX17)

acupoints changed synaptic morphology in both NTS and VM. The up-regulation of
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synaptic strength of NTS may explain the mechanism of 10 Hz EA-induced NREM sleep
enhancement which we reported previously. Nevertheless, the cause of downscaling of
the opioidergic (inhibitory) synaptic strength in the VM calls for further investigation by
employing electrophysiological recordings.

After long years of labor, some work has been done, what by

electroacupuncture-induced sleep in rats and what by persistence-induced dream in

myself. Looking back, I am delightqd@mfﬁggisted in the devotion that managed

-
[

A F'_ic-"' % -
i 5‘:' i
to open the door of impossj@'l%" i }fs.%%kdecades ago. Thank God!

88



References
Cheng RSS, Pomeranz B. Electroacupuncturte analgesia could be mediated by at
least two pain-relieving mechanisms: endorphin and nonendorphin system. Life Sci
1979;25:1957-62.
Cheng G. Treatment of 55 cases of insomnia by acupuncture. Chin Acupunct
Moxibustion 1985;5:26.

Cheng LG. Observation of the therapeutic,effect on treatment of 2485 cases of
. ’ |- 1*—'- % - {_;:f’ -f '::.
insomnia by needling S_l.l'e"ﬁ.m@n_po EhineAc upl\ll‘(nqt“ﬁgxibustion 1986;6:18-19.

B Y

N

. Cheng XN. Traditig?_iél:-i ﬂﬁtﬁnc re, and _I'.QS'"'iB.iEtion. Beijing: People’s
Hygiene Press, 1986, 513 <= =
rea

a7 !
. Lu JS, He SH, Geng_-.'__S 1.8 e E_Xper{énce by Single Acupoint

'-'_:.-_,_ .{::_l_ J* c:ﬂ'_‘-.'-: -

i
2
o, Tl 'y

= o el W
Needling. Beijing: People’s-Hi:gien > Press, *—92593.:.1 2
e I
. Melzack R, Wall PD. Pain mechanism: a new theory. Science 1965;150:971-9.
Son YS, Park HJ, Kwon OB, Jung SC, Shin HC, Lim S. Antipyretic effects of
acupuncture on the lipopolysaccharide-induced fever and expression of interleukin-6
and interleukin-1 beta mRNAs in the hypothalamus of rats. Neurosci Lett
2002;319:45-8.

Ceccherelli F, Gagliardi G, Visentin R, Sandona F, Casale R, Giron G. The effects of

parachlorophenylalanine and naloxone on acupuncture and electroacupuncture

89



10.

11.

12.

13.

14.

15.

16.

modulation of capsaicininduced neurogenic edema in the rat hind paw. A controlled
blind study. Clin Exp Rheumatol 1999;17:655-62.

Wang JD, Kuo TB, Yang CC. An alternative method to enhance vagal activities and
suppress sympathetic activities in humans. Auton Neurosci 2002;100:90-5.

Noguchi E, Hayashi H. Increases in gastric acidity in response to electroacupuncture
stimulation of the hindlimb of anesthetized rats. Jpn J Physiol 1996;46:53-8.

Cottle MK. Degeneration quli.e _-Sq ?t}pr}'ma‘ry;?fggrints of IXth and Xth cranial nerves
:.||.."- g -'ii- "-:*EI = '::.

0
Norgren R Projectlgps fro ;tpa t_| n the rat. Neuroscience
) ~
1978;3:207-18.  + :-
Ryan LJ. Cholinerg?c_;;___- rq%ul hqg in DBA/2 mice. Exp

Neurol 1985;89:372-81.

Magnes J, Moruzzi G, Pompeiano O. Synchronization of the EEG produced by

low-frequency electrical stimulation of the region of the solitary tract. Arch Ital Biol

1961;99:33-41.

Bonvallet M, Allen MBJ. Prolonged spontaneous and evoked reticular activation

following discrete bulbar lesions. Electroencephalogr Clin Neurophysiol

1963;15:969-88.

Reinoso-Barbero F, de Andres 1. Effects of opioid microinjections in the nucleus of

90



17.

18.

19.

20.

21.

22.

23.

the solitary tract on the sleep-wakefulness cycle states in cats. Anesthesiology
1995;82:144-52.

Yi PL, Tsai CH, Lin JG, Liu HJ, Chang FC. Effects of electroacupuncture at
‘Anmian (extra)’ acupoints on sleep activities in rats: the implication of the caudal
nucleus tractus solitarius. J Biomed Sci 2004;11:579-90.

Bronstein DM, Day NC, Gutstein HB, Trujillo KA, Akil H. Pre- and

:.||.- I '1':_?", . :I' - .:-‘..
chronic naltrexone treajqﬁ%h;:.;:] Net s 93@4@—2.
g N,

posttranslational regulation of bqet_aj.-gl}do:pl}in{biosynthesis in the CNS: effects of

A
Saper CB, Scammii'_l-' W Lu J,

=
rhythms. Nature 437: 125
e o @
Lu BC, Li H, Chen T,_qut)".ﬁ Z i ci_tzmo\r:phin 1- and endomorphin
5 =y (r.: - .l.:_l 5 ‘.".:. " |- -

Y un ead N
2-containing neurons in nucleus fractus solitarii Send axons to the parabrachial

o S
nuclei in the rat. Anat Rec 292: 488-497, 2009.

Han JS. Acupuncture and endorphins. Neurosci Lett 2004;361: 258—61

F.-C. Chang and M. R. Opp, “Corticotropin-releasing hormone (CRH) as a regulator
of waking,” Neuroscience & Biobehavioral Reviews, vol. 25, no. 5, pp. 445-453,
2001.

N. Tsujino and T. Sakurai, “Orexin/hypocretin: A neuropeptide at the interface of

sleep, energy homeostasis, and reward system,” Pharmacological Reviews, vol. 61,

91



24.

25.

26.

27.

28.

29.

no. 2, pp. 162-176, 2009.

D. J. Mayer, D. D. Price, and A. Rafii, “Antagonism of acupuncture analgesia in man
by the narcotic antagonist naloxone,” Brain Research, vol. 121, no. 2, pp. 368-372,
1977.

B. Pomeranz and D. Chiu, “Naloxone blocks acupuncture analgesia and causes
hyperalgesia: endorphin is implicated,” Life Science, vol. 19, no. 11, pp. 1757-1762,

1976. oIS
:.||.-"'
R. Chang and B. Pome_@ﬁfz, “Elec

!
)
Rg

A
g

Science, vol. 25, nO‘._-23, pp

"il-l h?’ il
= 1 @ ""
J.-S. Han, X. Z. Ding _@an&\ . “The freque y“a:& tl@ cardinal determinant for
|'_I -:"lr‘...h i -"‘|I ”"l
—!:r’ R |
electroacupuncture analgema to- iﬂe .res*éfsed b,y opioid antagonists,” Acta
= Jr - .I'
W

Physiologica Sinica, vol. 38, pp. 475-482, 1986.

X. H. Chen and J.-S. Han, “Analgesia induced by electroacupuncture of different

frequencies is mediated by different types of opioid receptors: another cross-tolerance

study,” Behavioural Brain Research, vol. 47, no. 2, pp. 143-149, 1992.

H. Fei, G. X. Xie, and J.-S. Han, “Low and high frequency electroacupuncture

stimulation release [Mets]enkephalin and dynorphin A in rat spinal cord,” Science

Bulletin China, vol. 32, pp. 1496-1501.

92



30.

31.

32.

33.

34.

35.

36.

37.

C.-H. Cheng, P.-L. Yi, J.-G. Lin, and F.-C. Chang, “Endogenous opiates in the
nucleus tractus solitarius mediate electroacupuncture-induced sleep activities in rats,”
Evidence-Based Complementary and Alternative Medicine, vol. 2011, article 1D
159209, 2011.

Chang FC, Opp MR. Blockade of corticotropin-releasing hormone receptors reduces
spontaneous waking in the rat. Am J Physiol 1998;275:R793-802.

Paxinos G, Watson C. The Rat qugt_i]n__.i-g S_gexg,lp_télxic Coordinates, 4th edn. San Diego:

T . i
& s Y
Academic Press, 1998. ,ﬁ-""*' W N Y
N ”‘u{’ T
A : —
Deboer T, Frankenhi_’, Fobler 1. Sl&si-an cortical’\temperature in the Djungarian
o .\ || == . B |
hamster under baseline c tion afﬂ?;f-%r slee privation. J Comp Physiol A
1994;174:145-55. . F\ Ly

o g.“i-&‘-f“-"' &

'\-\.,\_;\,r'

- sy el
Franken P, Tobler I, Borb Iy‘,A:A. égttioal té‘lﬁpeg?ﬁue and EEG slow-wave activity
T Eof et

in the rat: analysis of vigilance state related changes. Pflugers Arch 1992;420:500-7.
Partinen M. Epidemiology of sleep disorders. In: Kryger MH, Roth T, Dement WC
(eds). Principles and Practice of Sleep Medicine. Philadelphia: WB Saunders, 1994,
437-52.

Van Someren EJW. Circadian and sleep disturbances in the elderly. Exp Gerontol

2000;35:1229-37.

Anis NA, Berry SC, Burton NR, Lodge D. The dissociative anesthetics, ketamine

93



38.

39.

40.

41.

42.

43.

44,

and phencyclidine, selectively reduce excitation of central mammalian neurons by
N-methyl-aspartate. Br J Pharmacol 1983;79:565-75.

Feinberg I, Campbell IG. Ketamine administration during waking increase delta
EEG intensity in rat sleep. Neuropsychopharmacology 1993;9:41-8.

Feinberg I, Campbell IG. Stimulation of NREM delta EEG by ketamine
administration  during  waking: demonstration ~ of  dosedependence.

Neuropsychopharmacology 1 99_51; 12:89=90: ”
I_ .: - ::--'. j"‘_
' T

-

-

A 2HF e L s i
-

Campbell IG, FeinberghI."'-C;.:mpar -S%Qnd sleep deprivation effects on
& Y
A o
NREM, REM, and v&qk'm‘g" _ “Sleep _I99;22-£23—32.

|

I * g
Lin JH, Shih CH, K*g.ph"ie JH, et-al. Acupuncture effects
. - Lo B
0 1 l?" e .‘-;;'-
on cardiac functions .meq%g,p c.rosonance imaging in a feline
B S & 46

¥

model. eCAM Ad\-/;hé(i. Access ié?}iub%is‘hé,g January 23, 2008,
e Il

do1:10.1093/ecam/nem187.

Lin JG, Chen WL. Acupuncture analgesia: a review of its mechanisms of actions.

Am J Chin Med 2008;36:635-45.

Han JS. Acupuncture: neuropeptide release produced by electrical stimulation of

different frequencies. Trends Neurosci 2003;26:17-22.

Ni H, Jing LX, Shen S. The role of medial medulla in the depressive responses in

pulmonary and carotid arteries to injection of acetylcholine at fourth ventricle.

94



45.

46.

47.

48.

49.

50.

51.

52.

Sheng Li Hsueh Pao-Acta Physiologica Sinica 1989;41:291-8.

Castle M, Comoli E, Loewy AD. Autonomic brainstem nuclei are linked to the

hippocampus. Neuroscience 2005;134:657—-69.

Maley BE. Immunohistochemical localization of neuropeptides and

neurotransmitters in the nucleus solitarius. Chem Senses 1996;21:367-76.

Beckstead RM, Morse JR, Norgren R. The nucleus of the solitary tractin the monkey:

projections to the thalamus and brjauy st,ﬁmfnuclel J Comp Neurol 190: 259-282,

|
"-,' r Tk {‘5

1980.

k‘* s
Ter Horst GJ, de Bosr Pl
=
L
the solitary tract nucleus

-

Granata AR, Kitai ST. Int.racellular study}“ef nucleus parabrachialis and nucleus

RS [y ¥ i [ ol ko
tractus solitarii interconnections. Brain Res 492: 281-292, 1989.

Granata AR. Ascending and descending convergent inputs to neurons in the nucleus

parabrachialis of the rat: an intracellular study. Brain Res 600: 315-321, 1993.

Jhamandas JH, Harris KH. Excitatory amino acids may mediate nucleus tractus

solitarius input to rat parabrachial neurons. Am J Physiol 263: R324-R330, 1992.

Rutecki P. Anatomical, physiological, and theorectical basis for the antiepileptic

effect of vagus nerve stimulation. Epilepsia 31 (suppl 2): S1-S6, 1990.

95



53.

54.

55.

56.

57.

58.

59.

60.

61.

Berman AL. The brainstem of the cat: a cytoarchitectonic atlas with stereotaxic
coordinates, University of Wisconsin Press, Wisconsin, 1968.

Norgren R. Taste pathways to hypothalamus and amygdala. ] Comp Neurol 166:
17-33, 1976.

Coote JH, Hilton SM, Sbrozoyna AW. The pontomedullary area integrating the
defense reaction in the cat and its influence on muscle blood flow. J Physiol (Lond)

229:257-274, 1973. . il sfed i

48 -k h

. 3 P
Saito H, Sakai K, Jo_l,}\:f'é"t M. Di 'ttQ{.{,nsh of “the nucleus parabrachialis

- J
A
+

lateralis neurons of éi:e' cat'c

<
Berntson GG. Attaek ;g'ro

-

Vi
tegmentum in cats. PTI_Y_-SiQ%B

_l-"
ol

£V
g
Pierce TL, Wessendorf MW Imhnocy’[“dehequqal mapping of endomorphin-
e Ty ey [y L
2-immunoreactivity in rat brain. J Chem Neuroanat 18: 181-207, 2000.
Tononi G, Cirelli C. Sleep function and synaptic homeostasis. Sleep Med Rev 10:
49-62, 2006.
P.-L. Yi, C.-H. Tsai, J.-G. Lin, C.-C. Lee, and F.-C. Chang, “Kindling stimuli
delivered at different times in the sleep-wake cycle,” Sleep, vol. 27, no. 2, pp.

203-212, 2004.

J. E. Zadina, L. Hackler, L. J. Ge, and A. J. Kastin, “A potent and selective

96



endogenous agonist for the p-opiate receptor,” Nature, vol. 386, no. 6642, pp.

499-501, 1997.

62. C. Chavkin, L. F. James, and A. Goldstein, “Dynorphin is a specific endogenous

legend for the k-opioid receptor,” Science, vol. 215, no. 4531, pp. 413-415, 1982.

63. M. Waldhoer, S. Bartlett, and J. Whistler, “Opioid receptors,” Annual Review of

Biochemistry,vol. 73, pp. 953-990, 2004.

64.H. S. Lee and A. L. Basbaum W@ﬁ&g pro enkephahn and pro-dynorphin

&g

products are differentia d gbu
ﬁ’”

of the solitary tract of the
g "1375_@14-619, 1984.

s,
3 -
65. A. Mansour, H. Kh - JAki % Watson, “Anatomy of
CNS opioid receptorsﬁ_T s, i 1 1C 7 pp. 308-314, 1988.
- T

"{%{f} {%:m:r

97



Appendix : Publication list (2006~2011)

1.

Tu, Y.C., C.H. Hsiao, C.C. Lee, V.F. Pang, C.R. Jeng, F.I. Wang, C.H. Cheng and
*C.H. Liu. 2006. Subcutaneous peripheral nerve sheath tumors in 32 dogs: Studies
on pathological and immunohistochemical characterization. Taiwan Vet. J. 32:
101-115. (in Chinese)

Lee, J. J., P. B. Chen, S. H. Yang, C. H. Cheng, L. L. Chueh, V. F. Pang, M. Hsiao,
and *C. T. Lin. 2007. Effects of the VP3 gene of chicken anemia virus on canine

mammary gland tumor cells. Am J Vet Res. 68: 411-422. (SCI)

. Wang, Y. S., K. H. Chi, K. W. L1.|ao; eI C-"'LrujC L. Cheng, Y. C. Lin, C. H. Cheng,
":,- .

- .-'"
amne} {nono.cyte-derlved dendritic cells

"H{’ =

JyetRes 71:165-174. (SCI)

\ "-l:.-'

R. S. L1u, N. K. Chou, and *J. J.

1

ous tissues with picro-sirius
e ol
i

mfl\ff‘ﬁilhep 2007. The Research of the

Transmission Vectors of K01 Herges V1Jru§ (KHV) Taiwan Vet J. 33: 88-95.(in

and *R. M. Chu. 2007. Ohaﬁ?cterlza't{

I"'I. "'\.
Lee, J. G, C. H. Chfng, F. .

L]
Shyu. 2007. The Efudy

-"

Shih, D., T. U. Chien, C

Chinese)

Sun, Y. L., C. H. Cheng, and *J. G. Lee. 2007. Cytotoxic effects of aflatoxin B1 on
rat peritoneal lavage cells: Induction of DNA single strand breaks and apoptosis.
Taiwan Vet J. 33: 104-113. (in Chinese)

Chen, Y. L., C. H. Cheng, and *J. G. Lee. 2007. Effects of 3-aminobenzamide on the
repairing of DNA single strand breaks and the modes of cell death in rat
bronchoalveolar lavage cells exposed to hydrogen peroxide. Taiwan Vet J. 33:
114-122. (in Chinese)

Sun, Y. L., C. H. Cheng, and *J. G. Lee. 2007. Cytotoxic effects aflatoxin B1 on rat
98



hepatocytic cells: Induction of DNA single strand breaks and apoptosis. Taiwan Vet
J. 33: 123-134. (in Chinese)

9. Lin, C. F, C. H. Tsai, C. H. Cheng, Y. S. Chen, F. Tournier, and *T. H. Yeh. 2007.
Expression of Toll-like receptors in cultured nasal epithelial cells. Acta
Oto-Laryngol. 127: 395-402. (SCI)

10. Yeh, T.H., C.H. Tsai, Y.S. Chen, W.C. Hsu, C.H. Cheng, C.J. Hsu, and *S.Y. Lee.
2007. Increased Communication Among Nasal Epithelial Cells in Air-Liquid
Interface Culture. Laryngoscope. 117: 1439-1444. (SCI)

11. Huang, Y. C., S. W. Hung, T. R. Jan, Ilr( }N Liao, C. H. Cheng, Y. S. Wang and *R.

[ i
] | 4 e
M. Chu. 2008. CD5- low éxpressloﬁ lymﬁmcytes 1in canlne peripheral blood show

—

alone, ali?)tis.,diversicolor supertexta,

5 7*(éq1)
“\r.d'
13. Chung, C.S., C. H. Cheng{S (2. ,51 d *C\H Chi. 2009. Morphologic
i+ ".-" e T

and cytochemical characteris tics ..9f ?smhjyeffmnz Roﬁd turtle (Ocadia sinensis) blood
cells and their hematologic and plasn‘;a bloc.hemical reference values. J Zoo Wild
Med. 40:76-85 (SCI)

14. Wang, C.C., T.Y. Liu, C.H. Cheng, and *T.R. Jan. 2009. Involvement of the
mitochondrion-dependent pathway and oxidative stress in the apoptosis of murine
splenocytes induced by areca nut extract. Toxicol In Vitro. 23:840-847. (SCI)

15. Cheng, C.H., P.L. Yi, J.G. Lin and *F.C. Chang. 2009. Endogenous opiates in the
nucleus tractus solitaries mediate electroacupuncture-induced sleep activities in rats.
Evidence-based Complementary and Alternative Medicine : eCAM 2009; doi:

10.1093/ecam/nep132 [Epub ahead of print] (SCI)

99



16. Chen, T.C., Y.W. Shau, S.H. Pao, N.K. Chou, C.H. Cheng and *J.J. Shyu. 2009.
The study of vascular mechanical properties in canine with ultrasonography. Taiwan
Vet J. 35: 190-198. (in Chinese)

17.Ly, C.Y., P.L. Yi, C.H. Tsai, C.H. Cheng, H.H. Chang, Y.T. Hsiao, *F.C. Chang, 2010.
TNF-NF-xB signaling mediates excessive somnolence in hemiparkinsonian rats.
Behav Brain Res. 208: 484-496.(SCI)

18. Du, S.J., H.C. Kuo, C.H. Cheng, A.C.Y. Fei, HW. Wei, *S.K. Chang 2010.
Molecular mechanisms of ceftazidime resistance in Pseudomonas aeruginosa
isolates from canine and human 11nferct10n.s. _V?tirmarm Medicina. 55: 172-182. (SCI)

19.Liao, Y.F., M.L. Tsai, C. T Yen *C Hfr ChegP 2010. A 31mple method for fabricating
£ i

microwire tetrode w1th,. sufﬁcﬂe Khty Wlthout a heat-fusing process.

1dity and

e

J Neurosci Methods,.h19§'.‘"2“1' -215.(SCI)

™~
iao, Y.F. Tsai, C.L. Li, *F.C.

l'

Chang, 2011. Biph;_s_ig.?-ef in, | 3 1ve"- anstltuent of Scutellaria
L 5 :_“"'-f
baicalensis Georgi, _Fx th }Qgp—Wakp regulation. Journal of

o O ad
Ethnopharmacology. 135(2)‘35,5 i6f8;’r(SCI)J J‘ - ) ,.L_--, %

21.Tsai, M.L., C.C. Chen, C.J. Yeh, L.M.JChou,.*C.H. Cheng, 2011. Frequency ranges
of heart rate variability related to autonomic nerve activity in the mouse. Clin Exp
Hypertens. (accepted) (SCI)

22.T.H. Chou, H.Y. Chiou, C.H. Cheng, *L.S. Yeh. 2011. Retrospective survey of
surgical excision of feline vaccine-associated sarcoma: 57 Cases (2002-2009).
Taiwan Vet J. 37:53-62. (in Chinese)

23.Chia, M.Y., S.H. Hsiao, H.T. Chan, Y.Y. Do, P.L. Huang, H.W. Chang, Y.C. Tsali,
C.M. Lin, C.H. Cheng, *V.F. Pang and *C.R. Jeng. 2011. Improved immunogenicity

of DNA constructs co-expressing the GP5 and M Proteins of porcine reproductive

100



and respiratory syndrome virus by glycine-proline- glycine-proline (GPGP) linker in
mice. Taiwan Vet. J. 37:12-23. (in Chinese).

24.Chen, P.J., C.H. Su, C.Y. Tseng, S.W. Tan and *C.H. Cheng. 2011. Toxicity
assessments of nanoscale zerovalent iron and its oxidation products in
Medaka (Oryzias latipes) Fish. Marine Pollution Bulletin. 63:339-346.(SCI)

25.Cheng, C.H., C.H. Chou, M.C. Hsu, B.H. Chen, Y.C. Fan, *C.H. Chiu. 2011. The
effect of I'V-injected Kisspeptin on blood concentrations of blood concentrations of
LH in neutered dogs. Taiwan Vet J. 37:136-142.(in Chinese)

26.Cheng, C.H., Y.F. Ku, C.H. Hou, L||'S Yeh and *F.C. Chang, 2011. A Novel

(@ a7 LT o
End-to-Side Neurorrhaphy l.ln Rat Myogg{a,neousflso- and Allo-transplantation.

Taiwan Vet J. 37:143- ]."51 (1n C i

27.Chang, H.H., Qb g AT

2011. Biphasic effeQ_s of

J. 37: 180-190.(in Chinese)

B,
28.Lin, W.C., L.S. Yeh, a'nsdf'f*t

ik
i+ =

study on 1schem1a/reperfusi’6m 1r}]ufy il a I"clt Erqe ILskm iso-transplantation model.
Taiwan Vet J.(accepted)(in Chinese) o

29. Cheng, C.H., P.L. Yi, H.H. Chang, Y.F. Tsai, F.C. Chang. 2011. Kappa-opioid
receptors in the caudal nucleus tractus solitarius (NTS) mediate 100 Hz
electroacupuncture-induced sleep activities in rats. eCAM 2012; doi:
10.1155/2012/715024 [Epub ahead of print] (SCI)

30. Cheng, C.H., P.L. Yi, H. H. Chang, F.C. Chang. Morphology Alterations of
Synapses in the Ventromedial Nucleus (VM) of Thalamus and Caudal Nucleus
Tractus Solitarius (NTS) after 10 Hz Electroacupuncture in Rats. Taiwan Vet

J.(accepted)

101



