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Abstract

Drugs can cause obvious damage to the brain. To verify the relationship between acupuncture,
neurotrophic factor expression and brain cell structural changes, this study established a rat
model of heroin relapse using intramuscular injection of increasing amounts of heroin. During
the detoxification period, rat models received acupuncture at Baihui (DU20) and Dazhui (DU14).
Electron microscopy demonstrated that the structure of the ventral tegmental area in heroin
relapse rats gradually became normalized after acupuncture treatment. Immunohistochem-
ical staining exhibited that the expression of brain-derived neurotrophic factor and glial cell
line-derived neurotrophic factor increased in the ventral tegmental area following acupuncture.
Moreover, the effects were similar to that of methadone, a type of medicine called an opioid.
Results suggested that acupuncture at Bathui and Dazhui protected brain neurons against injury
in rats with heroin relapse by promoting brain-derived neurotrophic factor and glial cell line-de-
rived neurotrophic factor expression.
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Introduction

Opioid drugs, such as heroin, are addictive and can produce
physical and psychological dependence after use. Heroin
abuse can damage many brain areas, including the pedun-
culopontine tegmental nucleus of the midbrain, the ventral
tegmental area, and nucleus accumbens'"?. The ventral
tegmental area contains dopamine neurons involved in the
meso-limbic dopamine system, and along with the nucleus
accumbens, are the main brain regions associated with the
reward pathway''. Rodd et al.”’ found that local injection
of 5-hydroxytryptamine receptor agonist in mouse ventral
tegmental area could increase the activity of dopamine neu-
rons. Interestingly, injection of 5-hydroxytryptamine recep-
tor antagonist in the posterior lobe of the ventral tegmental
area could suppress alcohol and cocaine addiction”. Our
previous study demonstrated that neuronal degeneration
and swelling were evident in the prefrontal lobe cortex and
nucleus accumbens of rats with heroin relapse'*’. These re-
sults indicated that persistent use or one large-dose of hero-
in induced acute or chronic damage to the nervous system.
The ventral tegmental area-nucleus accumbens pathway is a
site where all addictive drugs produce acute reward effects'’.
Moreover, the ventral tegmental area is an essential region in

the reward pathway, however our previous study neglected
the ventral tegmental area. Thus, this study sought to ob-
serve the changes in neuronal ultrastructure in the ventral
tegmental area during heroin relapse.

Heroin spongiform leukoencephalopathy is an organic
brain disease occurring in white matter of the central nervous
system from addicts who inhaled or injected heroin. This
disease is characterized by the presence of spongy degenera-
tion in the white matter””, Recurrent drug use after heroin
addiction may cause the occurrence of heroin spongiform
leukoencephalopathy. Our previous studies'* """ concern-
ing clinical and experimental research into heroin relapse
verified that long-period large-dose use of heroin led to the
alteration in brain morphology, such as changes in brain cell
ultrastructure and brain imaging. Acupuncture treatment
has been a feasible clinical intervention when heroin spongi-
form leukoencephalopathy occurs'"”. Acupuncture promotes
the rehabilitation of brain injury, and protects and nourishes
nerve cells in the central nervous system'"’. Nevertheless, at
present, acupuncture has not been widely used to treat hero-
in addiction. Medicine, such as methadone, buprenorphine,
and naltrexone, is still the first choice for detoxification in
the clinic. Methadone, a typical p opioid receptor agonist,
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Figure 1 Acupuncture effects on the ultrastructure in the ventral tegmental area of heroin relapse rats (transmission electron microscopy, X

10,000).

(A) Normal group: normal ribosomes, mitochondria and rough endoplasmic reticulum in the ventral tegmental area. Arrows show endoplasmic
reticulum. (B) Model group: reduced number of ribosomes, decreased number of mitochondria, partial vacuolar degeneration, and expanded
rough endoplasmic reticulum. Arrows show nuclear membranes and mitochondria. (C) Methadone group: clear nuclear membranes, abundant
ribosomes and rough endoplasmic reticulum, and a few vacuolar mitochondria. Arrows show vacuolar mitochondria and ribosomes. (D) Acu-
puncture group: clear nuclear membranes, abundant uniform ribosomes, a few vacuolar mitochondria, and lightly expanded rough endoplasmic

reticulum. Arrows show nuclear membranes and mitochondria.

lessens abstinence syndrome, and is extensively used in de-
toxification and maintenance therapy for heroin addiction
in the clinic. Therefore, methadone is selected as a positive
control. Brain-derived neurotrophic factor and glial cell
line-derived neurotrophic factor are strongly associated with
neuronal growth, development, differentiation, maturity,
nervous system development, neuronal injury, and some
diseases in the nervous system'"*"*, Brain-derived neuro-
trophic factor and glial cell line-derived neurotrophic factor
participate in nerve repair, contribute to nervous system de-
velopment, activate neural pathways, and protect and repair
injured neurons"***!. A previous study suggested that acu-
puncture regulated neurotrophic factors after cerebral isch-
emia'””’. Following the occurrence of cerebral ischemia, ap-
parently increased brain-derived neurotrophic factor protein
expression significantly relieved ischemic brain injury (such
as cerebral edema), and inhibited neuronal necrosis"”. This
study was designed to observe the structure of brain tissue,
brain-derived neurotrophic factor and glial cell line-derived
neurotrophic factor expression changes, and acupuncture
effects in heroin relapse rats, and then to further investigate
the precise mechanisms of acupuncture treatment for hero-
in-associated encephalopathy.

Results

Quantitative analysis of experimental animals

A total of 32 rats were randomly and equally divided into
normal, model, acupuncture and methadone groups. A rat
model of heroin relapse was established by narcotic use
until addiction occurred, and then creating a detoxification
process by withholding heroin from the model, acupunc-
ture and methadone groups. Model rats in the acupuncture
group received acupuncture at Baihui (DU20) and Dazhui
(DU14) during the detoxification period. Rats in the meth-
adone group were intragastrically administered a decreasing
amount of methadone during the detoxification period. All
rats were included in the final analysis.

Acupuncture improved neuronal ultrastructure of the
ventral tegmental area in rats with heroin relapse

Electron microscopy showed clear nuclear membranes, nor-
mal rough endoplasmic reticulum, ribosomes and nuclei,
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abundant rough endoplasmic reticulum and mitochondria,
and slightly expanded rough endoplasmic reticulum in the
ventral tegmental area of rats in the normal group. In the
model group, nuclear membrane boundaries were obscure,
rough endoplasmic reticulum expansion was seen, along
with vacuolar degeneration of some mitochondria in the
ventral tegmental area, indicating that nerve cells were se-
verely injured in rats with heroin relapse. In the methadone
and acupuncture groups, nuclear membranes were visible,
ribosomes and rough endoplasmic reticulum were abundant,
rough endoplasmic reticulum was normal or lightly expand-
ed, and a few mitochondria were vacuolar and degenerated
in the ventral tegmental area. These results suggested that
acupuncture protected nerve cells against injury in rats with
heroin relapse. In addition, no major difference in neuronal
ultrastructure was detected in the ventral tegmental area of
heroin relapse rats between the methadone and acupuncture
groups (Figure 1).

Acupuncture increased brain-derived neurotrophic factor
expression in the ventral tegmental area of heroin relapse
rats

Immunohistochemical staining demonstrated that compared
with the normal group, the number of brain-derived neuro-
trophic factor-positive cells and mean absorbance were great-
er in the ventral tegmental area of heroin relapse rats (P <
0.05). The number of brain-derived neurotrophic factor-posi-
tive cells and mean absorbance were increased after treatment
with methadone or acupuncture (P < 0.05). The number of
brain-derived neurotrophic factor-positive cells and mean ab-
sorbance were greater in the acupuncture group that those in
the methadone group (P < 0.05; Figure 2, Table 1).

Acupuncture increased glial cell line-derived neurotrophic
factor expression in the ventral tegmental area of heroin
relapse rats

Immunohistochemical staining showed that compared with
the normal group, the number of glial cell line-derived neuro-
trophic factor-positive cells and mean absorbance were greater
in the ventral tegmental area of heroin relapse rats (P < 0.05).
The number of glial cell line-derived neurotrophic fac-
tor-positive cells and mean absorbance were increased after
treatment with methadone or acupuncture (P < 0.05). The



Zhang RJ, et al. / Neural Regeneration Research. 2014;9(3):301-307.

Figure 2 Acupuncture effects on brain-derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic factor (GDNF) expression
in the ventral tegmental area of heroin relapse rats (immunohistochemical staining, x 20).

Arrows show BDNF or GDNF expression. (A, E) Normal group: BDNF or GDNF expression was visible in the tissue. (B, F) Model group: BDNF or
GDNEF expression was increased after heroin relapse. In the methadone group (C, G) and acupuncture group (D, H), BDNF or GDNF expression
was noticeably increased. Moreover, BDNF expression was greater in the acupuncture group than that in the methadone group.

Table 1 Acupuncture effects on brain-derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic factor (GDNF) expression

in the ventral tegmental area of heroin relapse rats

BDNF GDNF
Group Positive cells/20-fold visual field Mean absorbance Positive cells/20-fold visual field Mean absorbance
Normal 327.1£70.6 0.51+0.04 315.9£24.1 0.47+0.10
Model 335.6+68.5" 0.63+0.10" 331.8+22.0° 0.52+0.08"
Methadone 381.1448.1% 0.67+0.06" 356.4+31.7° 0.65£0.10"
Acupuncture 435.3+47.2™ 0.70£0.04™ 377.8432.6™ 0.68+0.08"

Data are expressed as mean + SD. Each group contained eight rats. The differences among multiple groups were compared using one-way analysis
of variance. Paired comparison was performed using paired t-test. “P < 0.05, vs. normal group; "P < 0.05, vs. model group; ‘P < 0.05, vs. methadone

group.

number of glial cell line-derived neurotrophic factor-positive
cells and mean absorbance were greater in the acupuncture
group compared with the methadone group (P < 0.05; Fig-
ure 2, Table 1).

Discussion

Acupuncture at Baihui and Dazhui normalizes neuronal ul-
trastructure in the ventral tegmental area of heroin relapse
rats. Acupuncture at Baihui and Dazhui also contributes to
brain-derived neurotrophic factor and glial cell line-derived
neurotrophic factor expression, and protects nerve cells
against injury in heroin relapse rats. These results suggested
that acupuncture had protective effects on nerve cells in the
ventral tegmental area of heroin relapse rats at the levels of
cell morphology and protein molecule expression.

Morphological alteration in injured brain induced by
heroin and acupuncture

Numerous studies suggested that white matter injury and
brain atrophy were detectable in the brain of heroin-de-
pendent subjects”*”". Relevant imaging examination also
demonstrated that abnormal signal changes were detected

in the white matter, cerebellar white matter, and posterior
limb of the internal capsule of these subjects. Other studies
confirmed that ultrastructural alterations were visible in the
cerebral cortex, hypothalamus and pituitary gland of hero-
in-addicted rats, monkeys and humans"**, These findings
suggest that extensive pathological lesions were detected in
the brain of heroin-addicted rats, mainly present as neuronal
degeneration and death, which gave a morphological reason
behind the brain injury induced by relapse.

We have performed many studies on detoxification with
acupuncture, and verified that acupuncture at Zusanli (ST36)
could improve abstinence symptoms in morphine-addicted
rats. Acupuncture lessened protracted abstinence symptoms
in heroin-addicted persons during the rehabilitation peri-
0d™'. Acupuncture combined with psychological desensiti-
zation could improve sleep and anxiety disorders’. Mag-
netic resonance imaging and functional magnetic resonance
imaging revealed that heroin could activate brain areas reg-
ulating craving-related reward, learning and memory, cogni-
tion and emotion, but acupuncture at Zusanli suppressed the
activation of craving-related brain areas'"”"". Experimental
studies confirmed that acupuncture improved neuronal ul-

303



Zhang R], et al. / Neural Regeneration Research. 2014;9(3):301-307.

trastructure in the prefrontal lobe cortex, hippocampus and
nucleus accumbens of heroin relapse rats”” ™. These results
indicated that acupuncture had a protective effect on the in-
jured brain tissue of heroin relapse rats.

Given the findings described in the above studies, this
study further continued research into the effect of heroin
relapse on the brain by observing the alterations in ultra-
structure of the ventral tegmental area in heroin relapse rats
using electron microscopy. Our findings verified the mor-
phological changes in injured brains after heroin relapse.
After persistent treatment with acupuncture, the injury to
nerve cells was improved, suggesting that acupuncture had a
protective effect on injured nerve cells. The protective effects
of acupuncture provide experimental evidence for clinical
application of acupuncture.

Significance of studying the ventral tegmental area

The opioid-induced reward effect is a direct reason for opi-
oid addiction®”. A previous study showed that brain areas,
such as the nucleus accumbens, ventral tegmental area, in-
terior cortex of the frontal lobe, the pedunculopontine teg-
mental nucleus, hippocampus, hypothalamus, ventral globus
pallidus and amygdale, were involved in the opioid-induced
reward effect. These nuclear groups and their connecting
structures were called the reward pathway'*'’.

There are two reward pathways involved in relapse addic-
tion: the mesolimbic pathway (from the ventral tegmental
area to the nucleus accumbens), and the mesocortical path-
way (from the ventral tegmental area to the frontal cortex).
The ventral tegmental area is an essential area in these two
dopamine reward pathways, and contains numerous dopa-
minergic neurons. The release of dopamine from the ventral
tegmental area produces the rewarding effect of heroin and
induces abstinence symptoms during withdrawal. Thus, drug
addicts experienced pleasant feelings and cognitive disorder.
Therefore, the ventral tegmental area was selected as a reward
pathway to observe morphological changes and the expres-
sion of neurotrophic factors under an electron microscope*".

Owing to the complexity and integrity of the nervous sys-
tem, various neurotransmitters, signal pathways and genes
create a networked adjusting process during addiction and
relapse. Studies addressing molecular mechanisms of addic-
tion relapse mainly contained two aspects: (1) monoamine
neurotransmitters and receptors such as dopamine, nor-
adrenaline and 5-hydroxytryptamine. Most addictive drugs
cause an increase in dopamine release in the nucleus ac-
cumbens dominated by dopaminergic neurons in the ventral
tegmental area'*”’. Dopamine acts on dopamine receptors
and exerts an important effect on studies into learning and
memory, especially when behaviors are related to reward. (2)
Excitatory and inhibitory amino acids and their receptors.
Glutamate and its receptors (mainly N-methyl-D-aspartate
receptor and amino-3-hydroxy-5-isoxazolepropionic acid
receptor) play an important role in neural plasticity of ad-
diction. The nucleus accumbens is strongly associated with
learning and memory-related structures such as the pre-
frontal cortex, hippocampus and amygdale, which possibly
indirectly induce the formation of habitual memory via the
dorsal striatum, regulates obsessive-compulsive behaviors
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and generates relapse'™”". The present study investigated

molecular mechanisms of heroin relapse from the angle of
neurotrophic factor expression.

Neurotrophic factor expression and acupuncture

Glial cell line-derived neurotrophic factor has been shown
to protect neurons against injury, and also contributes to
axon growth™, These effects occur because glial cell line-de-
rived neurotrophic factor bound to its al receptor, and then
activated receptor tyrosine kinase”'. Glial cell line-derived
neurotrophic factor is the only neurotrophic factor that
resists neuronal apoptosis and blocks cell atrophy™"'. Glial
cell line-derived neurotrophic factor can enhance cell pro-
liferative ability in the subventricular zone and subgranular
zone of the hippocampal dentate gyrus, and exogenous glial
cell line-derived neurotrophic factor accelerates the repair of
nerve injury in the central nervous system"”'.

Brain-derived neurotrophic factor promotes the growth,
development, differentiation”™ and functional expression of
nerve cells during the development of the central nervous
system. Simultaneously, brain-derived neurotrophic factor
maintained neuronal function in the central nervous system.
Brain-derived neurotrophic factor promoted synaptic plas-
ticity, altered neuronal morphology in the brain, increased
the density of synaptic terminals and contributed to the out-
growth of dendrites and axons'*!. Moreover, brain-derived
neurotrophic factor suppressed nociceptive stimulus and
led to neuronal regeneration. Heroin-associated enceph-
alopathy was closely correlated to learning and memory.
Drug addiction and learning and memory processes occur
in common anatomic structures in the central nervous sys-
tem. Glutamate and dopamine receptor systems and their
interactions regulate the formation and consolidation of
addiction memory"”. Chronic drug addiction increases the
expression levels of mature brain-derived neurotrophic fac-
tor in the ventral tegmental area, which was associated with
the dopamine system and reward circuit'"”. Vargas-Perez
et al."* suggested that mature brain-derived neurotrophic
factor directly participated in the switching mechanism of
the ventral tegmental area, and changed reward circuits from
non-dopamine-dependent into dopamine-dependent path-
ways. Rats have displayed drug addiction and withdrawal
behaviors after mature brain-derived neurotrophic factor
was injected into neurons in the ventral tegmental area. Luo
et al."” confirmed that acupuncture at Dazhui and Baihui
enhanced brain-derived neurotrophic factor expression in
rats with focal cerebral ischemia, blocked intracellular Ca®"
overloading, and stabilized the intracellular environment.

These studies demonstrated that neurotrophic factors
prevented the death of injured neurons, regulated synaptic
plasticity, reduced neural degeneration, prevented disease
progression, stimulated axon growth and promoted regen-
eration'””""), This study showed that brain-derived neuro-
trophic factor and glial cell line-derived neurotrophic factor
expression was increased in the rat frontal lobe and ventral
tegmental area of heroin relapse rats, and indicated that
chronic toxic effects of heroin caused nerve cell injury, led to
compensatory protection of the body, increased endogenous
brain-derived neurotrophic factor and glial cell line-derived
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neurotrophic factor expression, and repaired injured nerve
cells. Results from this study verified that this kind of com-
pensatory protection could not repair injured nerve cells,
and its repair effects were far less than the nociceptive effects
of chronic heroin. These findings were consistent with the
results in the model group (brain-derived neurotrophic fac-
tor and glial cell line-derived neurotrophic factor expression
was increased and cell structure was obviously damaged).

In the present study, an increased brain-derived neuro-
trophic factor and glial cell line-derived neurotrophic factor
expression after acupuncture had repair effects on injured
nerve cells, indicating that heroin relapse caused a compen-
satory increase in brain-derived neurotrophic factor and
glial cell line-derived neurotrophic factor expression in the
ventral tegmental area, and acupuncture increased brain-de-
rived neurotrophic factor and glial cell line-derived neuro-
trophic factor expression. This result is helpful to explain
why acupuncture can protect nerve cells against injury.

Knowledge of the effects of acupuncture in traditional
Chinese medicine

Traditional Chinese medicine believes that Baihui is strongly
associated with the brain, and acupuncture at Baihui can
regulate cerebral functions. Acupuncture at Baihui induc-
es consciousness-restoring resuscitation, calms the nerves,
dredges Du meridian, and relieves epilepsy. Dazhui is the
crossing point where the three Yang Meridians of the Hand
and the Du meridian cross and converge. New Compilation
of Acupuncture Points says that Dazhui is an essential point
in the body, and acupuncture at Dazhui can release various
nervous symptoms. Acupuncture at Baihui and Dazhui
contributes to the recovery of nerve functions, increases
brain-derived neurotrophic factor and glial cell line-derived
neurotrophic factor expression in the rat frontal lobe and
ventral tegmental area. Taken together, acupuncture has a
promoting effect on nerve regeneration, repair and plasticity
in heroin relapse rats.

Materials and Methods
Design
A randomized controlled animal study.

Time and setting

Experiments were performed at the Institute of Acupuncture
and Meridian, Anhui University of Chinese Medicine, China
in January 2013.

Materials

Animals

A total of 32 (16 males, 16 females) clean, Wistar rats aged 4
months and weighing 200 + 20 g were provided by the Ex-
perimental Animal Center, Nanjing Medical University, Chi-
na (license No. SYXK (Su) 2008-0007). All rats were allowed
free access to standard solid feed at 22 + 2°C and maintained
in relative humidity of 50-70%. Experimental disposals were
performed in accordance with the Guidance Suggestions for
the Care and Use of Laboratory Animals, formulated by the
Ministry of Science and Technology of China"*".

Drugs

Heroin, a derivative of diacetylmorphine, chemical formula
C,,H,;NO;, purity 90%, was provided and identified by An-
hui Provincial Narcotic Prohibition Office in China. Heroin
was diluted by physiological saline. Methadone, chemical
formula C,;H,,NO<HCI, preparation for oral use, specifi-
cation 10 mg/10 mL, was purchased from Central Phar-
maceutical Co., Ltd., Tianjin, China, Approval No. GYZZ
H10970303, lot No. 090919.

Methods

Establishment of a rat model of heroin relapse

An increasing amount of heroin was injected into the left
gastrocnemius muscle of the posterior lower limb for 8
consecutive days (as narcotics use). From day 1 to day 8,
0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2 and 3.6 mg heroin was injected
daily. From day 1 to day 6, the injection was performed once
a day. From day 7 to day 8, injection was conducted twice a
day (1.6 mg once on day 7, and 1.8 mg once on day 8). The
rats received heroin at 7:00 and 19:00. After using narcotics,
intramuscular injection of heroin was terminated for 5 days.
Withdrawal symptoms and conditioned place preference
were used to judge whether the model was established. Nat-
ural withdrawal was considered as detoxification. The rat
model of heroin relapse was established using the method of
narcotics use (addiction) — detoxification, and the addic-
tion and detoxification process was repeated three times"”'.
The rats in the normal group were administered physiologi-
cal saline during narcotics use, 0.2 mL/time.

Acupuncture treatment

The rats in the acupuncture group underwent acupuncture
during the period of detoxification. The rats were gently
placed in a tailor-made fixator. In accordance with the Acu-
puncture Atlas in Rats'”', acupuncture at Baihui (on the
head, the midpoint of the anterior hairline, at the midpoint
of the line connection the apexes of both ears) and Dazhui
(on the posterior median line, in the depression below the
spinous process of the 7" cervical vertebra) was conducted
using a 25 mm stainless steel acupuncture needle (0.30 mm
diameter, 25 mm long; Suzhou Medical Sino-foreign Joint
Venture, Suzhou, Jiangsu Province, China) at an angle of 30°
and with a depth of 12 mm. The needle was held in place for
30 minutes. Acupuncture was carried out once at 7:00 a.m.
every day, for 5 consecutive days.

Intragastric administration of methadone
A decreasing amount of methadone was intragastrically giv-
en to the rats in the methadone group during the period of
detoxification. From day 1 to day 4, the dose of methadone
was respectively 0.4, 0.3,0.2 and 0.1 mg.

Specimen collection and transmission electron microscopy for
neuronal ultrastructure in the ventral tegmental area of rats
All rats were anesthetized with 10% chloral hydrate
(0.36 mL/100 g) via intraperitoneal injection. After aor-
tic cannulation, the right atrium was cut, perfused with
0.1 mol/L PBS 250 mL, and fixed with 4% paraformaldehyde
+ 0.1 mol/L PBS 150 mL for 30 minutes. In accordance with
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The Rat Brain in Stereotaxic Coordinates®, the rats were de-
capitated, and the ventral tegmental area of one hemisphere
was obtained and cut into 1 mm’ blocks. These blocks were
fixed in a 2.5% glutaral for 24 hours, immersed in PBS for 1-6
hours, fixed in 1% osmic acid for 1-2 hours, sliced into 70
nm-thick sections, and observed with a transmission elec-
tron microscope (JEM-1230; JEOL, Tokyo, Japan).

Immunohistochemical staining for brain-derived neurotrophic
factor and glial cell line-derived neurotrophic factor expression
in the ventral tegmental area of rats

The ventral tegmental area of another hemisphere was fixed
in 4% paraformaldehyde, dehydrated in alcohol, permeabi-
lized in xylene, embedded in paraffin, and then serially sliced
into 4 um-thick sections. These sections were incubated with
rabbit anti-rat brain-derived neurotrophic factor monoclo-
nal antibody (1:100; Beijing Biosynthesis Biotechnology Co.,
Ltd., Beijing, China) and rabbit anti-rat glial cell line-derived
neurotrophic factor monoclonal antibody (1:100; Beijing
Biosynthesis Biotechnology Co., Ltd.) in a wet box over-
night at 4°C, followed by an incubation in biotinylated goat
anti-rabbit IgG (Boster, Wuhan, Hubei Province, China) at
room temperature for 20 minutes. Using DP801 morpholo-
gy image analysis system (Jiangsu JEDA Science-Technology
Development Co., Ltd., Nanjing, Jiangsu Province, China),
three discontinuous sections of each rat were selected, and
five nonoverlapping visual fields of each section were select-
ed under a light microscope (x 20) for cell counting. Cells
with brown particles in the cytoplasm were considered as
positive cells. The number of positive cells in each visual
field, and mean absorbance of each section were calculated.

Statistical analysis

Experimental results were expressed as mean * SD, and pro-
cessed with SPSS 13.0 software (SPSS, Chicago, IL, USA).
The differences among multiple groups were compared
using one-way analysis of variance. Paired comparison was
performed using paired t-test. A value of P < 0.05 was con-
sidered statistically significant.
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Peer review: This study observed cell structure and neurotrophic
factor changes of the ventral tegmental area of heroin relapse rats.
Results verified that acupuncture at Baihui and Dazhui could pro-
tect neurons against injury in heroin relapse rats and confirmed
the mechanisms of acupuncture effects on detoxification.
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