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a b s t r a c t

Droperidol causes the blockage of the dopamine receptors in the central nervous system that are involved
in pain transmission. However, the mechanism of action of droperidol in pain-related neurons is not
clear, and it is still unknown whether opioids are involved in the modulation of this processing. The pres-
ent study examines the effect of droperidol on the pain-evoked response of pain-excitation neurons
(PENs) and pain-inhibition neurons (PINs) in the caudate nucleus (Cd) of rats. The trains of electric
impulses applied to the sciatic nerve were used as noxious stimulation. Our results revealed that droper-
idol decreased the frequency of PEN discharge, and increased the frequency PIN discharge evoked by the
noxious stimulation in the Cd of normal rats, while administration of droperidol to morphine-dependent
rats produced the opposite response. Those demonstrated that droperidol is involved in the modulation
of nociceptive information transmission in Cd, and there were completely opposite responses to painful
stimulation between normal and morphine-dependent rats after administration of droperidol.

� 2008 Elsevier Inc. All rights reserved.
Droperidol is a compound similar to haloperidol, which was dis-
covered at Janssen Pharmaceuticals in 1961. It functions via the
blockade of dopamine receptors in the subcortical, midbrain, and
brainstem reticular formation and produces mild alpha-adrenergic
blockades and peripheral vascular dilatation. Droperidol is used in
clinical treatments as an antiemetic and antipsychotic as a supple-
ment to anesthesia induction [1]. Many efforts have focused on the
role of droperidol in patient-controlled analgesia [2,3].

Some reports have suggested that it functions as an analgesic
[4]. This property of droperidol is relatively unknown and its
mechanism is unclear. The present study focuses on whether dro-
peridol is involved in pain modulation in the caudate nucleus (Cd).

The basal ganglion consists of four main nuclei (striatum, glo-
bus pallidus, subthalamic nucleus, and substantia nigra), which
provide a major link between the thalamus and the cerebral cortex.
The basal ganglion receives information, including pain, from all
sensory systems. Over the past four decades, substantial progress
has been made in the research of pain and analgesia at the genetic,
molecular, cellular, and systemic levels [5]. Although the basal gan-
glion has been less intensively studied, it also appears to play a role
in pain. It has been suggested that particularly the striatum, which
ll rights reserved.
comprises the putamen and Cd, plays a significant role in the mod-
ulation of pain sensation in both experimental and clinical condi-
tions [6,7]. Stimulating the caudate-putamen nucleus was found
to induce analgesia [8].

Opioids are highly effective in the treatment of pain. Massive
investments have been made for the research and development
of opioid analgesics, resulting in a plethora of compounds with
varying affinity and efficacy at all the known opioid receptor sub-
types [9,10]. Opioids are also known to be extremely addictive. The
mechanism of opioid dependence is still not clear. Morphine
dependence leads to adaptive reactions in the central nervous sys-
tem that occur at the cellular and molecular levels [11]. The limbic
structures appear to be responsible for the effects of drug abuse.
The mesolimbic dopaminergic system is the primary substrate of
opioid action [12]. The altered expression of transcription factors
resulted in adaptive changes in the expression of membrane recep-
tors, channels, intracellular signaling proteins, and a plethora of
target genes within the mesolimbic system [13,14]. The present
study also determined whether opioids altered the response of
pain-related neurons to droperidol.

In our study, we focused on the noxious information transmis-
sion of the central nervous system in normal and morphine-depen-
dent rats affected by droperidol in the Cd in order to enrich
information on relationship between algesia and drug dependence.
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We observed the influence of droperidol on the electrical activities
of PENs and PINs in Cd in normal and morphine-dependent rats.

Materials and methods

Experimental animals. Male and female Wistar rats (Animal Cen-
tre of the Second Affiliated Hospital, Harbin Medical University,
Certificate No.09-2-1) weighing between 230 and 260 g were used
in this study. Rats were randomly and equally divided into the fol-
lowing four groups (n = 8 per group): (1) normal rats that were in-
jected 10 lL saline into the lateral ventricle, (2) normal rats that
were injected 1 lg/8 lL droperidol into the lateral ventricle, (3)
morphine-dependent rats that were injected 10 lL saline into the
lateral ventricle, and (4) morphine-dependent rats that were in-
jected 1 lg/8 lL droperidol into the lateral ventricle. All injections
were completed within 2 min via a microliter syringe. Morphine
hydrochloride was injected subcutaneously [15] (Table 1).

Neurosurgery and electrophysiological studies. Routine surgery
was performed after rats were rendered unconscious by anesthesia
with a mixture of 500 mg/kg ethyl carbamate and 50 mg/kg chlor-
idized curarine injected into their abdominal cavities, at an artifi-
cial respiration of 60 times/min. The right sciatic nerves were
isolated. The head of the rat was then fixed on the cerebral solid
orientation apparatus and oriented according to the B coordinate
system of Pellegrino’s atlas. A stainless steel tube with an external
diameter of 0.8 mm was inserted into the lateral ventricle (A: 0.1;
R: 1.5; H: 3.0) for injection. Two skull windows were opened and
covered with liquid paraffin. The rats were fixed on a stereotaxic
frame (SN-2, Narishige, Japan). Single-unit recordings were per-
formed with a glass microelectrode (0.5–1.0 mm, DC resistance
10–30 MX) filled with KCl (3 mol/L). The glass microelectrode
was inserted by a micromanipulator (SM-21, Narishige, Japan) into
the Cds (A: 2.0–2.8 mm; L: 1.5–3.5 mm; H: 3.5–5.5 mm) [16]. The
electrical activity was amplified by a microelectrical amplifier and
recorded by the biological experimental system, monitored at the
same time with an oscilloscope (VC-10, Nihon Konden, Japan). As
the neural discharges were recorded, electrical stimulation of the
sciatic nerves was performed through a double stainless steel elec-
trode (delay, 0; interval, 5 ms; duration, 0.3 ms; train, 5) (SEN-
3301, Nihon Konden, Japan) as noxious stimulation. Articular
movement and hair touching were set as the non-noxious stimula-
tion to identify the pain-reactive neurons. The discharge of each
neuron was recorded 3 times every 2 min, and the complete
recording duration was 30 min.

Definition of neurons. PENs and PINs are pain-related neurons.
PENs are defined as the neurons that respond by increasing the dis-
charge frequency to noxious stimuli [17], while PINs are defined as
the neurons that respond by decreasing the discharge frequency to
noxious stimuli [18]. The net increased value (NIV, Hz) refers to the
difference in the PENs or PINs between the average frequency of
evoked discharges after noxious stimulation and the average fre-
quency of the discharges within 2 s before noxious stimulation.
Inhibitory duration (ID, ms) refers to the latency time from the
noxious stimulation to the appearance of the PIN discharges.
Table 1
Dose (mg/kg) and time (h) of morphine injection

Day 8:00 12:00 16:00

1 5 5 5
2 10 10 10
3 20 20 20
4 40 40 40
5 50 50 50
6 60 60 60
Statistical analysis. Data were scanned to a computer with Pow-
erlab = 8 s (ADInstruments) and analyzed with Chart v5.3 software
(Australia). All data were expressed as mean ± SEM, and they were
analyzed with SPSS 13.0 software. Statistical differences were eval-
uated by one-way ANOVA, and statistical significances were deter-
mined at the level of p < 0.05.
Results

Effect of droperidol on the electrical activities of PENs in the Cds of
normal rats

In normal rats in the droperidol group, the NIV of PENs was
11.43 ± 2.07 Hz, and their latency was 203.71 ± 11.87 ms. Shortly
after the intracerebral ventricular injection of droperidol, the NIV
of PEN began to reduce and latency began to prolong (Fig. 1B).
These effects peaked at 10 min after administration; the NIV de-
creased to 6.78 ± 1.03 Hz, reducing by 40.68% as compared with
that before administration; and the latency prolonged to
277.83 ± 18.53 ms. During 6–18 min after administration, the NIV
and latency of PEN showed obvious changes as compared with
those before administration and with those of the control group
(Fig. 1C and D). Twelve minutes after administration, the NIV and
latency of PEN returned to the values observed before treatment.

Effect of droperidol on the electrical activities of PINs in the Cd of
normal rats

After intracerebral ventricular droperidol injection, the NIV of
PIN began to increase and the ID began to decrease (Fig. 2B). Four
minutes after the injection, the average NIV of PIN significantly in-
creased from �5.82 ± 1.02 to –4.35 ± 0.78 Hz, and the ID decreased
from 1.81 ± 0.24 to 1.46 ± 0.33 s. These reactions peaked at 10 min
after injection. During 6–20 min after injection, the NIV and ID val-
ues of PIN exhibited obvious changes as compared with those be-
fore administration and with those of the control group (Fig. 2C
and D).

Effect of droperidol on the electrical activities of PENs in the Cd of
morphine-dependent rats

In the morphine-dependent rats administered droperidol, the
NIV of PEN was 15.86 ± 2.83 Hz, and the latency was
188.32 ± 7.54 ms. Shortly after the intracerebral ventricular
administration of droperidol, the NIV of PEN began to increase
and the latency began to decrease (Fig. 3B). These effects peaked
at 10 min after administration; the NIV increased to
21.53 ± 2.87 Hz, enhancing by 35.75% as compared with that be-
fore administration, and the latency reduced to 123.42 ± 5.09 ms.
During 6–18 min after administration, the NIV and latency of
PEN showed obvious changes as compared with those before
administration or with those of the control group (Fig. 3C and D).
Twelve minutes after administration, the NIV and latency of PEN
returned to the values observed before treatment.

Effect of droperidol on the electrical activities of PINs in the Cd of
morphine-dependent rats

After intracerebral ventricular injection of droperidol, the NIV of
PIN started decreasing and ID started increasing (Fig. 4B). Four
minutes after the intracerebral ventricular administration of dro-
peridol, the average NIV of PIN significantly reduced from
�2.14 ± 0.56 to �2.57 ± 0.75 Hz, and the ID prolonged from
418.20 ± 63.67 ms to 404.25 ± 38.01 ms. These reactions peaked
at 12 min after injection. During 6–20 min after injection, the



Fig. 1. Effects of intracerebral ventricular injections of saline (A) and droperidol (B) on the evoked discharges of PENs in the Cd of normal rats. ", Stimulus artifact; D, injection
of saline; N, injection of droperidol; X, before injection; 0, 10, and 22, time after injection (min). Changes of NIV (C) and latency (D) in Cd PENs of normal rats after
intracerebral ventricle injection of droperidol (means ± SEM, *P < 0.05, **P < 0.01 vs. control). —, injection of substance; X, before injection; 0, 4, . . . ,22, time after injection
(min).
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NIV and ID of PINs exhibited apparent changes as compared with
those before administration and with those of the control group
(Fig. 4C and D).

Discussion

We studied the effects of droperidol on the electrical activities
of PENs and PINs in Cd in normal and morphine-dependent rats.
Our study revealed the following results. First, droperidol, a buty-
rophenone neuroleptic drug, reduced the NIV and prolonged the
latency of PEN. It also increased the NIV and shortened the ID of
PIN significantly in normal rats. This result revealed that droperi-
dol inhibited the electrical activities of PEN and enhanced those
of PIN. This illustrated that droperidol is involved in the modula-
tion of nociceptive information transmission in Cd. Second, in mor-
phine-dependent rats, droperidol increased the NIV and reduced
the latency of PEN. It also decreased the NIV and prolonged the
ID of PIN significantly. This result showed that droperidol



Fig. 2. Effects of the intracerebral ventricular saline injection (A) and droperidol (B) on the evoked discharges of PINs in the Cd of normal rats. ", Stimulus artifact; D, saline
injection; N, droperidol injection; X, before injection; 0, 10, and 24, time after injection (min). Changes of NIV (C) and ID (D) in Cd PINs of normal rats after intracerebral
ventricular injection of droperidol (means ± SEM, *P < 0.05, **P < 0.01 vs. control). —, injection of substance; X, before injection; 0, 4, . . . ,24, time after injection (min).
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enhanced the electrical activities of PEN and inhibited those of PIN.
Those demonstrated that the responses to pain stimulation were
considerably different between normal rats and morphine-depen-
dent rats after the intracerebral ventricular injection of droperidol.

Several reports have revealed that droperidol is involved in
antinociception and analgesia in many animals, including humans.
In clinical studies, spinal or epidural administration of non-opioid
agents such as droperidol and neostigmine has been shown to
cause analgesia without causing motor dysfunction or neurotox-
icity. Epidural droperidol blocks mainly the fast sodium channels,
and to a lesser extent, the slow sodium channels and inhibits the
formation of action potential [19]. Some results suggest that the
addition of droperidol or clonidine to epidural tramadol provides
a shorter onset time and a longer duration of analgesia [4]. Lo et
al. [2] have reported the morphine-sparing effect of droperidol
when used in combination with patient-controlled analgesia, and



Fig. 3. Effects of intracerebral ventricular injection of saline (A) and droperidol (B) on the evoked discharges of PENs in the Cd of morphine-dependent rats. ", Stimulus
artifact; D, injection of saline; N, injection of droperidol; X, before injection; 0, 10, and 22, time after injection (min). Changes of NIV (C) and latency (D) in Cd PENs of
morphine-dependent rats after intracerebral ventricular injection of droperidol (means ± SEM, *P < 0.05 vs. control). —, injection of substance; X, before injection; 0, 4, . . . ,22,
time after injection (min).
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it has already been observed in patients undergoing rotator-cuff
repair surgery [20].

Animal studies suggest that the basal ganglia play a major role
in the processing of somatosensory information, including noxious
stimuli [6]. Evidences indicate that the striatum and striatal dopa-
mine receptors are involved pain regulation in humans. Pain is a
common symptom in patients with nigrostriatal dopaminergic
hypofunction. Our results demonstrated that droperidol is involved
in the modulation of nociceptive information transmission in Cd.
This regulation may be mediated by dopamine receptors. Striatal
administration of dopamine D2 receptor agonists (such as quinpi-
role) and dopamine D2 receptor antagonists (such as eticlopride)
suppresses and enhances pain-related responses in animal experi-
ments, respectively [21]. Interestingly, systemic administration of
dopamine D2 receptor antagonists may also produce antinocicep-
tion, probably due to opioidergic mechanisms [22].

Considerably different responses to pain stimulation were ob-
served between normal and morphine-dependent rats. This might



Fig. 4. Effects of intracerebral ventricular injections of saline (A) and droperidol (B) on the evoked discharges of PINs in the Cd of morphine-dependent rats. ", Stimulus
artifact; D, injection of saline; N, injection of droperidol; X, before injection; 0, 10, and 24, time after injection (min). Changes of NIV (C) and ID (D) in Cd PINs of morphine-
dependent rats after intracerebral ventricular injection of droperidol (means ± SEM, *P < 0.05, **P < 0.01 vs. control). —, injection of substance; X, before injection; 0, 4, . . . ,24,
time after injection (min).

184 Y. Zhang et al. / Biochemical and Biophysical Research Communications 372 (2008) 179–185
be because the activity of the dopamine pathway changes adapta-
bly to opioids [23]. The pCREB levels were super-induced when SKF
82958 (agonist of dopamine receptor) and dopamine were added
to cultures that were treated chronically with morphine and subse-
quently administered naloxone to precipitate withdrawal. These
data suggest that dopamine receptor-mediated pathways are aug-
mented by chronic morphine [24]. In morphine-dependent rats,
the expression of DA receptor subtypes change. It is reported that,
there was no alteration in D1R mRNA and a 25% decrease in D2R
mRNA in the caudate putamen, 2 h after the final morphine injec-
tion. Moreover, in the same RNA extracts, D3R mRNA displayed
significant increases of 85% in the caudate-putamen and 165% in
the ventral midbrain, including the substantia nigra and ventral
tegmental areas [25]. In conclusion, these results indicate that dro-
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peridol is involved in pain modulation in Cd. In addition, the differ-
ence in the responses of pain-related neurons in Cd to droperidol
by morphine could be related to the adaptable changes of dopami-
nergic nerves. Further studies on these issues will deepen our
knowledge of pain modulation and dependence.
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