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ABSTRACT
Background and Aim: Many nuclei such as periaqueductal central gray (PAG), raphe 
magnus nucleus (RMG) and gigantocellular reticular nucleus (Gi) are related in acupuncture 
analgesia. The aim of this study is to find the analgesic characteristics when dorsolateral 
periaqueductal gray (DLPAG), ventrolateral periaqueductal gray (VLPAG), RMG and Gi were 
individually stimulated in rat. Methods: Wistar rats (200~230g) were used in experiments. 
Rats were put in a small plastic box except the tail when the tail of a rat was stimulated by 
using radiant heat, tail flick latency (TFL), threshold of the painful response on account of 
the radiant heat was determined. The stimulus experiments were performed 3 to 5 days 
after inserting the electrodes. The current intensity for microiontophoresis is 30nA and 
time is 20s. Results: When DLPAG was locally stimulated in rats, the analgesia gradually 
appeared. Its characteristics resembled those of electroacupuncture at ST36 point. And then 
the analgesic effect appeared only in the period when VLPAG, RMG and Gi were individually 
stimulated in rats, but didn’t appear after cessation of stimulation. The rates of the excited 
neurons in the VLPAG, RMG and Gi were increased by microiontophoresis of morphine. 
Conclusion: There are mechanisms inhibiting the painful impulse in input of spinal cord by 
influence of endogenous morphine-type substance affecting neurons in VLPAG, RMG, and 
Gi among the mechanisms of electroacupuncture analgesia on ST36 point.
Key words: Acupuncture, Analgesia, Electroacupuncture, Electrophysiology, 
Microiontophoresis.
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INTRODUCTION
Acupuncture plays an important role in traditional 
medicine especially electroacupuncture is used 
widely in clinical practice. The most important effect 
of acupuncture is analgesia. Many nuclei such as 
periaqueductal central gray (PAG), raphe magnus 
nucleus (RMG) and gigantocellular reticular nucleus 
(Gi) are concerned in acupuncture analgesia.
The electroacupuncture changed the impulse activity 
of neurons in PAG and raphe nuclei, the analgesia by 
electroacupuncture disappeared if PAG, raphe nuclei 
were destroyed or when naloxone, the antagonist 
of morphine was injected in the animal.[1,2] When 
RMG was locally stimulated in rats, firing activity 
of neurons in posterior horn of spinal cord was 
depressed.[3] Electroacupuncture analgesia lasted 
for a while after cessation of electroacupuncture. 
If hypophysis which secretes the endorphin 
was destroyed, the analgesia by acupuncture 
disappeared.[4] This effect was observed whenever 
naloxone was injected in brain.[5] And the endorphin 
and encephalin in cerebrospinal fluid (CSF) were 
increased by acupuncture.[6-8] 

There are a lot of morphine-type substances in 
brain extract of rats which could cause analgesia by 
acupuncture.[9,10] This showed that the role of humoral 
factors especially morphine-type substances are very 
important in acupuncture analgesia.
As a result, a lot of the experiments on microinjection 
of morphine were carried out with experiments 
for stimulation and destruction of nucleus in the 
brain. The obvious analgesia of morphine appeared, 
when the morphine was microinjected into 
magnocellular nucleus, PAG and lateral reticular 
nucleus of midbrain.[11-13] And neurons with 
different characteristics exist there. Microinjection 
of morphine on the thalamus inhibited effectively 
the reaction of neurons in posterior horn of spinal 
cord by formalin nociceptive stimulus. And the 
effect was significantly decreased by microinjection 
of naloxone (1,0.5μg), antagonist of opioid receptor.
[14] Researches mentioned above showed that the 
blockage of painful impulse in input of spinal cord 
by influence of nuclei in brain and endogenous 
morphine-type substances are important in 
acupuncture analgesia.
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In this study, we introduced the analgesia characteristics when PAG, 
RMG and Gi were individually stimulated in rats, and the reactive 
characteristics of neurons in VLPAG, RMG and Gi by microiontophoresis 
of morphine to them.

MATERIALS AND METHODS

Animals
Adult male Wistar rats weighing 200–230 g were included in the study. 
All the rats were allowed for free access to food and water before surgery 
under optimal conditions (12/12 h light/dark with humidity 60±5%, 
22±3°C). All animals were taken care as recommended in the Guide 
for the Care and Use of Laboratory Animals issued by the D.P.R. of K 
Association of Laboratory Animal Care.

Determination of TFL by Radiant Heat in a Rat
Rats were put in a small plastic box except the tail. The tail of rats were 
stimulated by using radiant heat and TFL, threshold of the painful 
response on account of the radiant heat was determined.[13]

Local Stimulus and Destruction of the Some Brain 
Structures in a Rat
Rats were induced anesthesia by injecting thiopental at a dose of 60 mg/
kg and they were fixed on the stereotaxic apparatus, and then electrodes 
were inserted into the brain of the rats according to the stereotaxic 
atlas of rat brain (Paxinos and Watson, 1997). After that, the electrodes 
were fixed on the bones of skull by using acrylic resins.[15] The stimulus 
experiments were performed 3 to 5 days after inserting the electrodes. By 
using the current stimulator (ELECTROSTIMULATOR ST-3, Hungary), 
the brain nucleus was stimulated with continuous impulse (0.1~0.2mA, 
0.2ms, 50HZ). Stimulation sites were marked by passing DC current 
(0.6 to 0.9 mA, 30 s) through this electrode. In some experiments, brain 
nuclei of rats were destroyed by passing the current (1mA, 40s).
At the completion of each experiment, the animals were perfused with 
normal saline. The brain was then removed, stored in 10% formaldehyde 
for 3 days, and sectioned on a microtome to locate stimulation sites. The 
stimulation sites located outside the bounds of the DLPAG, VLPAG, GI, 
and RMG were not included in the results.

Microiontophoresis 
Three-barrelled glass micropipettes were used for experiment. The 
current intensity for microiontophoresis is 30nA and time is 20s. 
The sites of tip of electrode were verified by methylene blue (MB)  
labeling.[16] The current of 50nA passed through electrode with methylene 
blue for 100s. The quantity of electricity that passed through electrode 
was 5000nC. All microiontophoretic manipulations were performed 

using the Neurophore BH-2 units (Medical Systems Cor.). At the end 
of each recording session, animals were perfused with normal saline 
solution followed by 4% paraformaldehyde. Brains were post-fixed in 4% 
paraformaldehyde for one day. After post-fixation, slices were cut on a 
sliding microtome for examination of the ejection sites. Sections were 
studied under a light microscope (Olympus BH2).

Statistical Analysis of Data
All data were expressed as mean±SD. Inter-group differences were 
compared by two-tailed independent sample t test using SPSS 10.0 
statistical software. Differences were considered statistically significant 
at a probability level equal to or less than 0.05.

RESULTS AND DISCUSSION

Influence of Electroacupuncture of Zusanli Point (ST36) 
on the Tail Flick Latency (TFL)
The influence of electroacupuncture at ST36 on TFL by radiant heat 
in rats was observed. We divided the rats into two groups i.e. effective 
and ineffective group on acupuncture, analgesia effect in effective 
group was 1.2 times higher than control. We did the experiment in 
the effective group. When a rat was stimulated by electroacupuncture 
(1~2HZ, 20min, KWD‐8081, China) at the ST36point, TFL changed as 
follows (Table1). As shown in the Table 1, when a rat was stimulated 
by electroacupunncture (1~2HZ, 20min, KWD‐8081, China) at Zusanlii 
point (ST36) of a rat, the analgesia gradually appeared in the rat. And the 
analgesia effect was the highest 30 min after acupuncture, the effect of 
analgesia persisted for a while after stop of electroacupuncture.

Influence of PAG on Acupuncture Analgesia on ST36 
point in Effective Group of Rats in Acupuncture 
Analgesia 
Influence of PAG on acupuncture analgesia on ST36 was observed 
in effective group in acupuncture analgesia. First of all, the changes 
of TFL of a rat on radiant heat were observed in the effective group 
in acupuncture analgesia, when a Dorsolateral periaqueductal gray 
(DLPAG) was locally stimulated in rats (Figure 1, Table 2). When DLPAG 
was locally stimulated in rat, the analgesic effect gradually appeared, the 
characteristic of which was similar to that of ST36 point acupuncture. 
This shows DLPAG is associated with analgesia by acupuncture on ST36 
point.
In fact, when ST36 point was stimulated after destruction of DLPAG, the 
analgesia didn’t appear (Table 3). The characteristics that result in some 
latency and persistence in the analgesia by ST36 point acupuncture shows 
that the analgesia by acupuncture is related to humoral mechanism. 
But the TFL was elongated by local stimulus of VLPAG (Ventrolateral 

Table 1: Changes of TFL by acupuncture in rat.

Items
Before 

Stimulus
(control)

After stimulus (min)

5 10 20 30 40 50 60

TFL(s) 2.56±0.47 2.72±0.47 3.17*±0.20 3.77**±0.48 4.63**±0.34 4.06**±0.34 3.56**±0.56 3.27*±0.59

Elongation 
rate 

of TFL(%)
100.0 106.3 123.8 147.3 180.8 158.6 139.1 127.7

Values were expressed as mean±SD (n=7). *P<0.05 was considered as statistically significant. 

* P<0.05 versus control; ** P<0.01 versus before stimulus
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periaqueductal gray) only when it was excited (Table 4). As shown in 
the Table 4, when VLPAG was stimulated in a rat, TFL was elongated in 
the period of stimulating the VLPAG (192.9%). i.e. the analgesic effect 
appeared only in the period when VLPAG was stimulated, but didn’t 
appear after cessation of stimulation.
In the experiment, the bipolar electrodes were used to stimulate or 
destroy the DLPAG and VLPAG. The electrode tip sites for the electrical 
stimulation and the electrical destroy were marked with electrolytic 
lesion to histologically verify their locations in these structures.

Influence of RMg and Gi to TFL of a Rat on Radiant Heat
Characters of analgesia observed by local stimulus to VLPAG also 
appeared in RMg and Gi. As shown in the Table 5, when RMg and Gi 
were individually simulated in a rat (Figure 2), TFL were elongated 
151.3, 154.5% respectively. But the elongation of TFL did not appear 
after stimulus. That is, there was not any analgesic effect after cessation 
of stimulus.
When above data of Tables 4, 5 were analyzed with characteristics of 
ST36 point acupuncture analgesia, it showed that VLPAG, RMG, Gi turn 
into sites affected by endogenic opioid substance to be concerned in the 
acupuncture analgesia. So, we studied the change of impulse activity of 
neurons in VLPG, RMG, Gi of a rat by microiontophoresis of morphine.

Influence of Morphine Microiontophoresis on Impulse 
Activity of Neurons in VLPAG, RMG and Gi 
First, the changes of impulse activity of neurons in VLPAG on morphine 
microiontophoresis were studied. There were many neurons discharging 
spontaneously impulse in VLPAG (Figure 3). They were divided into 
excited neurons, inhibited neurons and changeless neurons according to 
discharging frequency, and the changes of impulse activity of neurons by 
microiontophoresis were analyzed. 
As shown in the Table 6, the rate of excited neurons was increased from 
23.3% to 58.2% and the rate of changeless neurons was decreased from 
43.3% to18.3% when microiontophoresis of morphine was performed 
in VLPAG. And then, the changes of impulse activity of neurons by 
microiontophoresis of morphine in RMg, Gi were studied. As shown 
in the Table 7, the rate of excited neurons by microiontophoresis was 
increased than control in RMg (53.8%), and rate of excited neurons by 
microiontophoresis was increased than control in Gi (49.6%) (Figure 4). 
These show that the endogenous morphine-type substances are released 
by acupuncture and these can activate the neurons in VLPAG, RMg, Gi. 
As a result, the characteristic latency and the aftereffect are related with 
such mechanism. These are in accordance with results of experiment for 
local stimulus of VLPAG, RMg and Gi respectively.

Table 3: Changes of TFL of rat by ST36 point acupuncture after destroying DLPAG.

Items
Before 

stimulus
After stimulus (min)

5 10 20 30 40 50 60

TFL(s) 1.96±0.09 2.03±0.54 2.06±o.67 2.06±0.67 2.08±0.06 2.09±0.14 1.69±0.09 2.06±0.12

Elongation rate
 of TFL (%)

100.0 103.6 105.1 105.1 106.6 106.6 100.0 105.1

Table 2: Changes of TFL of rat, when exciting DLPAG.

Items
Before 

Stimulus 
(control)

After stimulus (min)

5 10 20 30 40 50 60

TFL(s) 2.00±0.37 2.30±0.23 2.46*±0.19 2.94**±0.18 3.14**±0.36 2.95**±0.33 3.09*±0.26 2.74*±0.10

Elongation 
rate of 

TFL (%)
100.0 115.0 123.0 147.0 157.0 147.5 152.5 137.0

Values were expressed as mean±SD (n=7). *P<0.05 was considered as statistically significant. 

* P<0.05, ** P<0.01 versus before stimulus

Table 4: Changes of TFL of rat by local stimulus of VLPAG.

Items
Before 

stimulus
(control)

After stimulus (min)

5 10 20 30 40 50 60

TFL(s) 1.98±0.19 3.82*±0.55 2.27±0.37 2.06±0.09 2.00±0.15 2.01±0.19 1.99±0.22 2.07±0.15
Elongation rate 

of TFL(%)
100.0 192.9 114.6 104.0 100.0 101.5 100.5 104.5

Values were expressed as mean±SD (n=7). 

*P<0.05 was considered as statistically significant. * P<0.05 versus before stimulus
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Table 7: Reactionary rates of neurons in the RMG and Gi by the microiontophoresis.

Nucleuses Groups Number of neurons
Rate of excited 

neurons(%)
Rate of inhibited 

neurons(%)
Rate of changeless 

neurons(%)

RMg
Control 28(100.0%) 21.5 28.7 49.8

Experiment 26(100.0%) 53.8* 23.1 23.1*

Gi
Control 30(100.0%) 19.8 27.4 52.8

Experiment 28(100.0%) 49.6* 25.2 25.2*
*P<0.05 was considered as statistically significant. * P<0.05 versus control group

Table 5: Influence of RMg and Gi stimulus to TFL of rat.

Nucleuses Items
Before

Stimulus(Control)
After stimulus (min)

5 10 20 30 40 50 60

RMg
TFL(s)

1.99±
0.17

3.01*±
0.5

2.21±
0.36

2.06±
0.09

2.02±
0.14

2.01±
0.19

1.98±
0.17

2.07±
0.15

Elongation rate 
of TFL (%) 100.0 111.1 103.5 101.5 101.5 101.0 99.5 104.5

Gi
TFL(s)

2.55±
0.14

3.94*±
0.6

2.43±
0.12

2.55±
0.18

2.55±
0.14

2.49±
0.10

2.52±
0.13

2.72±
0.31

Elongation rate 
of TFL (%) 100.0 154.5 95.5 100.0 100.0 97.6 98.8 106.6

Values were expressed as mean±SD (n=7). 

*P<0.05 was considered as statistically significant. * P<0.05 versus before stimulus

Table 6: Reactionary rates of neurons in the VLPAG by microiontophoresis of morphine.

Groups Number of neurons Rate of excited neurons (%) Rate of inhibited neurons (%)
Rate of changeless

neurons (%)

Control 28(100.0%) 23.3 33.4 43.3

Experiment 26(100.0%) 58.2* 25.5 18.3*

*P<0.05 was considered as statistically significant. * P<0.05 versus control group

Figure 1: Diagramatic coronal section of the DLPAG and VLPAG indicating 
the locations of the electrical stimulation and destroy sites within rat brain. 
DLPAC: Dorsolateral periaqueductal gray; VLPAG: Ventrolateral 
periaqueductal gray.

Figure 2: Diagramatic coronal section of the Gi and RMg indicating the loca-
tions of the electrical stimulation site in rat brain.  
Gi: Gigantocellular reticular nucleus; RMg: Raphe magnus nucleus.
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Figure 3: Diagramatic coronal section of the rat VLPAG indicating the  
location of the microiontophoresis electrode tip.  
Aq: Aqueduct (Sylvius); VLPAG: Ventrolateral periaqueductal gray. Filled 
circles: Excited; Unfilled circles: Inhibited.

Figure 4: Diagramatic coronal section of the rat Gi and RMG indicating the 
location of the microiontophoresis electrode tip.  
4V: 4th ventricle; Gi: Gigantocellular reticular nucleus; RMg: Raphe magnus 
nucleus. Filled circles: Excited; Unfilled circles: Inhibited.

CONCLUSION 
When DLPAG was locally stimulated in a rat, the analgesia characteristic 
resemble with those of electroacupuncture on ST36 point, and the 
analgesic effect appear only in the period when VLPAG, RMg and Gi 
are individually stimulated .The rates of the excited neurons in VLPAG, 
RMg and Gi are increased when microiontophoresis of morphine is 

performed. This suggests that there are mechanisms inhibiting the 
painful impulse in input of spinal cord by influence of endogenous 
morphine-type substance affecting neurons in VLPAG, RMg, and Gi 
among the mechanisms of electroacupuncture analgesia on ST36 point. 
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