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Although it has been accepted that depression and pain are common comorbidities, their interaction is
not fully understood. The current study was aimed to investigate the effects of depression on both evoked
pain behavior (thermal-induced nociception) and spontaneous pain behavior (formalin pain) using an
olfactory bulbectomy (OB) rat model of depression. Emotional behaviors were assessed by open field
and Morris water maze tests. The results showed that the depressed rats exhibited stronger tolerance to
epression
voked pain
ormalin
lfactory bulbectomy

noxious thermal stimulation compared to non-depressed animals. In contrast, the spontaneous nocicep-
tive behaviors induced by formalin injection were significantly enhanced in the OB rats in comparison to
control rats. These results demonstrated that depression can have differential effects on stimulus-evoked
pain and spontaneous pain, with alleviation in the former while aggravation in the latter. The present
study has confirmed our previous findings that depression can inhibit evoked pain but facilitate spon-
taneous pain, and provides evidence that the OB depression model is a feasible model for studying the
relationship between depression and pain.
n recent years, there has been an increasing interest in the relation-
hip between pain and depression. Previous studies have shown
hat painful somatic symptoms can predict depression and vice
ersa [16,24]. On average, 65% of patients with depression expe-
ience one or more pain complaints, and depression is present in
–85% (depending on the study setting) of patients with pain [2,13].
he combination of pain and depression can be costlier and more
isabling than either condition alone.

To explore the relationship between pain and depression, exper-
ments have been performed on patients with depressive disorders.

ost studies regarding depressed patients found increased pain
hresholds [3,15], while a few reports described a decrease in the
xperimentally evoked pain [17]. Thus, the correlation between
epression and pain is still a matter of debate and has been far
rom clear. A few studies have also been carried out in animals.
imilar results were obtained that the nociceptive behaviors were
ither reduced [20] or enhanced [1] in subjects exposed to chronic

nvironmental stress, a condition that has been demonstrated to
ause depression. Using unpredictable chronic mild stress animal
odel, our previous work has found that depression can enhance

pontaneous pain but alleviate stimulus-evoked pain [21].
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In the present study, a different animal model—olfactory bul-
bectomy (OB)—was employed. The OB rat is a well-characterized
animal depression model that results in a number of behavioral,
physiological, neurochemical, endocrinological, and immunologi-
cal changes that are similar to human depression [14]. The present
study was designed to explore the effects of depression on the
evoked pain behavior (thermal-induced nociception) and spon-
taneous pain behavior (formalin pain, which is closer to clinical
persistent pain) using an OB rat model. The aim of this study was
to confirm our previous finding as well as to provide an alternative
approach for investigating the neural mechanisms underlying the
relationship between depression and pain.

Forty-eight male Sprague Dawley rats (weight on arrival:
200–220 g, Laboratory Animal Center of the Academy of Mili-
tary Medical Sciences, Beijing, China) were used in this study and
housed individually. Food and water were available ad libitum. The
colony was maintained at 22 ± 2 ◦C with a standard 12 h light-dark
cycle (lights on at 07:00 am). Animals were allowed to habituate to
the environment for 1 week before experiments, and were han-
dled daily by the experimenter. Adequate measures were taken
to minimize pain or discomfort. Experiments were carried out in

accordance with the National Institute of Health Guide for the
Care and Use of Laboratory Animals (NIH Publications No. 80-23)
revised 1996. The research protocol was approved by the Insti-
tutional Animal Care and Use Committee of Chinese Academy of
Sciences
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Fig. 1. Schematic diagram of the experimental protocol. Rats were divided into
two groups (OB and SHAM groups, receiving olfactory bulbectomy or sham surgery,
respectively) based on the results of the open-field test. Both groups were further
divided into two sub-groups for either radiant heat (RH) or formalin test, i.e., OB/RH,
OB/formalin, SHAM/RH, and SHAM/formalin groups. Baseline thermal thresholds
were measured in the OB/RH and SHAM/RH rats. Then all animals were tested in
the open field and Morris water maze. Evoked pain was assessed by the paw with-
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behaviors, respectively). Spatial learning and memory capability
rawal latency (PWL) induced by heat stimulation. Spontaneous pain was evaluated
y the nocifensive paw-licking behavior following formalin injection. OF: open field;
WM: Morris water maze.

Rats were tested pre-surgically in the open field and balanced
ver two groups (OB group and SHAM group, which received
lfactory bulbectomy and sham surgery, respectively) according
o their locomotor behaviors. These groups were further divided
nto two sub-groups: radiant heat (RH) evoked pain and formalin
nduced spontaneous pain, i.e., OB/RH group (n = 14), OB/formalin
roup (n = 14), SHAM/RH group (n = 10), and SHAM/formalin group
n = 10). The baseline pain thresholds of the OB/RH and SHAM/RH
roups were examined before surgery. Then rats underwent
ilateral olfactory bulbectomy or sham operation. After 2-week
ecovery period, open field and Morris water maze tests were
mployed to assess the depressive state of rats. The evoked pain
y heat stimulation and spontaneous pain by formalin injection
ere measured on the following day. The experimental protocol
as illustrated in Fig. 1.

The animals (270–300 g) were anesthetized with sodium pen-
obarbital (0.5 mg/kg, i.p.) and fixed on a stereotaxic apparatus
Stoelting, USA). A midline sagittal incision was made to expose
he skull. Two 2-mm diameter holes were bored 8 mm rostral to
he bregma and 2 mm lateral to the midline separately. The bilat-
ral olfactory bulbs were sucked from the holes using a vacuum
ump and the cavity was filled with gel foam (Coltene whaledent,
witzerland) to control bleeding. Special care was taken to avoid
amaging the frontal cortex. Penicillin powder was sprinkled on
he wound prior to closure. Sham-operated rats were treated sim-
larly, except that no brain tissues were removed. At the end of
he experiment, animals were dissected to check if all the olfactory
ulbs were removed. If not, the data will be rejected in the final
nalysis.

The open field test was performed in an iron circular black base
180 cm in diameter) and applied to analyze the locomotor and

earing behaviors of rats. The wall surrounding the base consisted
f a 50 cm high iron sheet. Illumination was provided by a 40 W
ulb. On the 15th day after surgery, all animals were tested in
he open field for 5 min. The distance traveled during the test was
tters 472 (2010) 143–147

recorded by a computer-based system Etho Vision (Noldus Infor-
mation Technology, Wageningen, the Netherlands). The number of
rearing behaviors was recorded by the experimenter. In the interval
between each two tests, the apparatus was cleaned with ethanol
and water to remove olfactory cues.

Water maze training was conducted in a circular pool of 180 cm
in diameter, containing water of 30 cm in depth. It was divided
into four quadrants (I, II, III, and IV) of equal size, each having an
entry point. A circular platform (12 cm diameter) was placed 2 cm
beneath the water level. Water temperature was held at 22 ± 1 ◦C.
The procedure consists of training for 4 days and testing for 1 day.
On every training day, the platform was positioned in the II quad-
rants. Rats were put into the maze facing the wall at entry point
in one of the three other quadrants over three trials. Animals were
allowed to stay in the water for 120 s. Any rat that could not find
the platform within 120 s was placed on the platform by the exper-
imenter and allowed to stay there for 15 s. The swimming paths
of the rats were tracked using a video camera suspended centrally
above the pool. The distance swum and the time spent in finding
the platform were recorded. On the testing day, the platform was
removed from the pool and rats were allowed to swim freely for
60 s. The percentage of time that the animals spent in each quadrant
was calculated.

The apparatus and test for thermal evoked pain were the same as
described by Wang et al. [25]. The animals were put into a Plexiglas
chamber on a glass floor beneath which the radiant heat apparatus
(100-W projector lamp) was situated. A beam of light through a hole
(4 mm in diameter) of the apparatus was focused on the plantar
surface of the left hindpaw. Paw withdrawal latency (PWL) was
defined as the length of time between the light onset and the paw
lift. The intensity of light was adjusted so that the baseline PWL was
around 10 s, with a cutoff time of 22 s to prevent tissue damage.
Four trials were performed with at least 5 min interval. The last
three trials were averaged to get a mean latency as the threshold
of the thermal evoked pain.

The formalin test was carried out in a quiet room. The room was
kept at an even temperature between 21 and 23 ◦C. Animals were
put into a plastic test chamber (25 cm × 25 cm × 30 cm) for at least
30 min to accommodate to the environment prior to test. Then rats
received a subcutaneous injection of formalin (5%, 50 �l) into the
plantar surface of the left hindpaw. The nociceptive behaviors were
videotape recorded throughout the following 60 min. Pain intensity
was determined by measuring the time spent in licking the injected
paw every 5 min after injection.

Statistica 5.1 and GraphPad prism 5.0 were used to analyze data
and draw graphs. Data involving 2 factors was analyzed with mul-
tifactor analysis of variance (ANOVA). Duncan’s test was employed
for post hoc test. Student’s t-test was used for comparing 2 groups.
The data was presented as means ± SEM. The statistical significance
was set at P < 0.05.

Body weights were measured the day before, and daily for 14
days after the surgery. The baseline body weights of animals did not
differ between OB and SHAM groups (287.1 ± 1.7 g vs. 281.2 ± 5.7 g,
t(42) = 1.076, P = 0.2882). Throughout the 2 weeks of recovery, sig-
nificant reduction of weight gain was observed in the OB rats as
compared to the control rats (two-way ANOVA, F(14, 588) = 423.7,
P < 0.001) (Fig. 2A).

Additionally, the OB rats showed significantly higher level of
locomotor and rearing behaviors in open field than that of control
rats (4928 ± 422 cm vs. 1541 ± 173 cm, P < 0.001, see Fig. 2B; 12 ± 1
vs. 3 ± 1 times, P < 0.001, see Fig. 2C, for locomotor and rearing
were measured with water maze task. As shown in Fig. 2D and E,
both the distance swum and the time spent in finding the plat-
form were longer in OB rats than in control group (F(1, 42) = 44.7,
P < 0.001; F(1, 42) = 33.6, P < 0.001, for swimming distance and
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Fig. 2. Behavioral outcome of the OB model for depression. (A) Body weights. The body weights of rats showed significant decrease in the OB group in comparison to the
control group over the 14-day post-operation period. (B and C) Open field test. Significant higher level of locomotor activity and rearing behaviors were found in the OB rats
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han in the control rats. (D and E) Morris water maze training. In four training days,
ats than in the control group. (F) Morris water maze test. The percentage of time s
roup than in the SHAM group. Data are presented as mean ± SEM (n = 20–24). **P <

xploring time, respectively) throughout the four training days. On
he testing day, the platform was removed. The percentage of time
pent in exploring the platform in quadrant II where the platform
as located is significantly lower in OB group than in control group

22.9 ± 1.1 s vs. 34.0 ± 1.5 s, P < 0.001, see Fig. 2F), demonstrating an
mpaired spatial memory capability in OB rats. These results indi-
ate that the OB rats have exhibited depressive-like behaviors and
he animal model for depression has been successfully established.

Evoked pain behaviors were measured before (baseline) and 3
eeks after olfactory bulbectomy surgery. As shown in Fig. 3A,

nimals in OB group displayed longer PWLs compared to con-
rol group (16.19 ± 0.97 s vs. 12.83 ± 0.81 s, P < 0.01), suggesting
hat depressed rats had higher thermal pain thresholds than non-
epressed rats. On the other hand, subcutaneous injection of
ormalin into the hind paw induced a typical biphasic pattern of
icking behavior (Fig. 3B). In contrast to the control group, the
icking behaviors of OB rats were significantly increased over the
ntire observation hour (F(1, 21) = 12.63, P < 0.01). Cumulative lick-
ng time clearly represented the augmentation in phase I (0–5 min,
05.6 ± 5.99 s vs. 60.69 ± 11.15 s, t(19) = 3.605, P < 0.01, Fig. 3C),

nterphase (5–15 min, 66.19 ± 14.9 s vs. 17.02 ± 6.83 s, t(21) = 2.719,
< 0.05, Fig. 3D), and phase II (15–60 min, 562.8 ± 73.51 s vs.
98.5 ± 45.25 s, t(21) = 2.841, P < 0.01, Fig. 3E). These results sug-
est that the spontaneous pain behavior was enhanced following
lfactory bulbectomy.

In the present study, we investigated the pain-related behaviors
n olfactory bulbectomized rats. The results showed that the ther-
al stimulus-evoked pain and formalin induced spontaneous pain
ere suppressed and enhanced, respectively, following OB treat-
ent. Our data confirmed our previous findings that depressed

ubjects tend to exhibit decreased sensitivity to experimental pain
ut increased intensity of ongoing pain (clinical pain complaints).
xhibited significant more activity and longer time to explore the platform in the OB
n the quadrant II where the platform was located was significantly lower in the OB
***P < 0.001.

Most studies employing experimentally induced pain demon-
strated that depressed patients are less sensitive to experimental
noxious stimuli in contrast to the high frequency of clinical pain
complaints [3,4,9]. In our study, depressed rats showed less sensi-
tivity to noxious radiant heat applied on the hindpaw, which was
consistent with the data from human subjects. Bar et al. inves-
tigated 30 patients suffering from a major depressive disorder
and found hypoalgesia to heat and electrical pain in comparison
to control subjects [3]. Lautenbacher and his colleagues reported
that patients with depression had significantly higher pressure
pain thresholds than the healthy controls [15]. These findings
together with our results demonstrate that depression has an
inhibitory effect on the stimulus-evoked pain. However, there
are also contradictive findings. Some studies applying different
methods and indicators of pain perception or employing minor
depressed patients found that the pain thresholds of the depressed
patients were unchanged or even decreased [19].

The occurrence of pain complaints in patients suffering from
major depressive disorder has been shown to be significantly
higher than that in the general population [8]. Primarily depressed
patients exhibit a high degree of pain complaints [15]. Up to 92%
of these patients reported clinical pain symptoms [8]. In the cur-
rent study, the OB rats showed significantly more spontaneous pain
response than the SHAM rats after formalin injection, consistent
with the clinical observations. It has been reported that patients
with depression had a more frequent, more intense, longer dura-
tion pain [7], and greater likelihood of non-recovery than healthy

control subjects [15]. As is the fact that the memory of patients with
emotional problems can be selectively biased toward the recall
of negative events such as pain [10], it is true that an increased
likelihood of remembering painful events in the past seems to be
associated with an increased likelihood of suffering from pain in the
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Fig. 3. Influence of depression on pain behaviors. (A) Evoked pain by thermal stimulation. Rats displayed significantly longer PWL to noxious heat stimuli in OB group than
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n SHAM group, suggesting a reduction of the thermal evoked pain in the depressi
xhibited significantly increased licking behaviors in the early and late phases as w
n an enhancement of the spontaneous ongoing pain (n = 10–13). Data are presented
roup.

resent [11]. Indeed, depressed subjects holding negative anticipa-
ion causes some brain areas (such as the anterior cingulate gyrus)
o activate, and the subjects then appear to focus, attend to, and
ate the pain stimuli as more severe [2].

Although it is generally understood that depression and painful
ymptoms are common comorbidities, the underlying mecha-
isms of the association are far from clear [2]. Several previous
tudies have indicated that pain and depression share com-
on neurochemical mechanisms, such as the dysfunction of the

ypothalamic-pituitary-adrenal (HPA) axis [6]. Serotonin and nore-
inephrine pathways, which ascend to affect traditional emotional
ymptoms of depression and descend through the brainstem and
pinal cord to inhibit pain, may explain this coexistence of pain
nd depression to a certain extent [12]. Recent research has pro-
ided evidence of a central pain modulation system that can either
ampen or amplify nociceptive signals from the periphery. Both
erotonin and norepinephrine have been shown to dampen periph-
ral pain signals. This explains how depression, which is associated
ith a dysregulation of these key modulating neurotransmitters

long a shared pathway, may contribute to the frequent presence
f painful symptoms [2]. Meanwhile, functional imaging studies
n depressed patients demonstrated a maladaptive activation of
he neural network that is involved in pain and emotion mod-
lation during the application of heat pain. In particular, it was
uggested that the enhanced activation of prefrontal brain regions
ight be associated with reduced pain perception on the skin

5]. Nonetheless, these potential mechanisms need to be further
nvestigated.
Olfactory bulbs have extensive connections with limbic system
nd other higher brain centers [14]. Olfactory bulbectomy results
n an abrupt loss of inputs to these regions. Open field test was
sed to detect the changes in the sensitivity of rats to a stressful
ovel environment, and the Morris water maze has been widely
te (n = 10–11). (B–E) Spontaneous pain by formalin injection. Rats in the OB group
in the interphase following formalin injection, indicating that OB surgery resulted
ean ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001, compared with their respective control

used to test the ability of spatial learning and memory [22,23]. The
hyperactivity performance in open field apparatus, as shown in our
and others’ research, emphasized that OB rats had reduced ability
to adapt to sudden environmental changes. Besides, the impaired
spatial learning and memory had been found, as revealed by the
water maze test that the OB rats took more time to escape and
spent longer time wandering in the target quadrant.

In our previous study, we used a UCMS model to reveal the
depression-induced changes in the rodent pain behavior. Since it
is believed that long-term exposure to multiple, inescapable stres-
sors can induce and maintain clinical depression in humans, UCMS
is considered a realistic means of producing an animal model of
depression [26]. In addition, it has good face validity as it can elicit
depression-like symptoms such as a lack of sucrose preference,
interpreted as anhedonia, a core symptom of depression. However,
the reliability of the UCMS model has been questioned, because a
decrease in sucrose consumption is not consistently observed fol-
lowing the stress procedure between and/or within experiments,
among various laboratories, with animal strains used, and accord-
ing to specific procedures [18]. Therefore, each of the two models
mentioned has its strong points and weak points in the research of
depression. In light of our present and previous results, both models
can be employed to study the effects of depressive disorder on pain
behaviors. One may consider it according to his specific research
interest.

In summary, our studies demonstrated that depression inhib-
ited evoked but facilitated spontaneous pain behaviors in rats. The
results have confirmed our previous finding and are consistent with

most clinical manifestations. It is reasonable to suggest that OB is
a feasible animal model in addition to UCMS to be used in explor-
ing the mechanism underlying the relationship between pain and
depression. Because of its less complex procedure, OB would have
promising use in the domain of pain research.
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