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A B S T R A C T   

Plenty information exists regarding the effects of chronic stress, although few data exist on the effects of short- 
lasting stressors, which would mimic daily challenges. Differences in craniofacial and spinal nociception have 
been observed, thus those observations obtained in spinally innervated areas cannot be directly applied to the 
orofacial region. Although, opioids are considered amongst the most effective analgesics, their use is sometimes 
hampered by the constipation they induce. Thus, our aims were to study if a short-lasting stressor, forced swim 
stress (FSS), modifies nociception, morphine antinociception and constipation in rats. Animals were submitted to 
10–20 min of FSS for three days, nociception and gastrointestinal transit were studied 24 h after the last 
swimming session. Nociception and morphine (0.6–5 mg/kg) antinociception were evaluated in the formalin and 
hypertonic saline tests in the orofacial area and limbs. Morphine-induced modifications in the GI transit were 
studied through radiographic techniques. Naloxone was administered, before each swimming session, to analyse 
the involvement of the endogenous opioid system on the effect of stress. Overall, stress did not alter nociception, 
although interestingly it reduced the effect of morphine in the orofacial tests and in the inflammatory phase of 
the formalin tests. Naloxone antagonized the effect of stress and normalized the effect of morphine. Stress did not 
modify the constipation induced by morphine. Opioid treatment may be less effective under a stressful situation, 
whilst adverse effects, such as constipation, are maintained. The prevention of stress may improve the level of 
opioid analgesia.    

1. Introduction 

Habituation to repeated stressors is an adaptive mechanism which 
can limit the occurrence and severity of stress-related symptoms [1,2]. 
However, these adaptive responses can become dysregulated and result 
in disease [3]. 

During the past decades there has been a great interest in under-
standing the interactions between stress and pain. Depending on the 
nature, duration and intensity of the stressor, stress can exert modula-
tory influences typified by either a reduction or exacerbation of pain. 
Thus, exposure to an acute, strong, intense stressor produces stress- 

induced analgesia, while repeated or chronic exposure to physical or 
psychological stressors produces stress-induced hyperalgesia (SIH) in 
humans (for review, see [4,5]. 

To study the effects of repeated stressors in nociception in preclinical 
studies, different stress models exist in the literature. Most of them, such 
as chronic social defeat stress [6,7] and chronic restraint stress [8] could 
mimic chronic stressors and they are sufficiently long lasting and/or 
intense to induce changes in nociception. On the contrary, very little 
attention has been paid to short-lived stressors, which could mimic the 
human daily stressors, such as an unexpected work deadline or traffic 
jam, that are minor challenges, yet they occur very frequently and 
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independent of chronic stressors [9]. Thus, little is known in preclinical 
studies on how they can affect normal pain processing, and in this re-
gard, forced swimming for three consecutive days has previously been 
used as a “short-term stressor” [10]. 

Muscular pain is one of the most prevalent pain disorders, and among 
the main causes of disability and health consuming resources world-
wide. It has long been known that stress has an important impact on 
muscle pain, for example, in non-specific low back pain or the devel-
opment of temporomandibular disorders [11–13]. Despite this, no study 
has investigated the effects of short-term stress on muscle pain. 

Of all the pharmacological options for the treatment of pain, opioids 
are considered amongst the most effective, although their use is some-
times hampered by their side effects, being opioid induced constipation 
the most common one, to which tolerance rarely develops [14]. 

Previous studies have demonstrated that important differences exist 
in pain processing between the craniofacial and spinal systems, both 
regarding sensitivity [15] or pain processing [16,17]. Therefore, the 
mechanisms of craniofacial pain are unique and cannot be considered 
identical to those of spinal processing [18]. With regards to these dif-
ferences, we have previously demonstrated that the analgesic efficacy of 
some opioids was greater when pain is located in the orofacial region 
[15,19]. 

Thus, considering the frequency of daily stressors, the importance 
that stress plays in muscle pain and the differences that exist between 
craniofacial and spinal innervation in the nociceptive processing. Our 
aims are to study the effect of forced swimming stress (FSS) in:  

• Two models of nociception in the orofacial and limb areas  
• The morphine-induced antinociception and  
• The GI transit modifications induced by morphine 

2. Methods 

2.1. Ethical statement 

All experimental animal procedures were carried out according to a 
protocol approved by the Research Ethics Committee of Universidad Rey 
Juan Carlos (Ref. 0910201811618) and, following the guidelines for the 
Care and Use of Laboratory Animals of the European Community (Eu-
ropean Directive 2010/63/EU) and those of the International Associa-
tion for the Study of Pain on ethical standards for investigation in 
animals [20]. 

2.2. Animals 

Male Wistar rats (250–300 g) (Charles River Laboratories, France) 
were used. The animals were housed six per cage in transparent cages 
(60 ×40×20 cm) with wood shavings as bedding, and with free access to 
food and water. The test room was maintained at a temperature of 23 ±
1 ◦C, humidity of 60%, and had a 12 h light/dark cycle (08:00–20:00 h); 
animals were habituated in the test room for at least 5 days before 
experimentation. 

2.3. Drugs 

Morphine sulfate (Alcaliber, Spain) and naloxone (Sigma-Aldrich, 
Spain), an opioid receptor agonist and antagonist, respectively, were 
dissolved in 0.9% saline solution. All solutions were freshly prepared 
before each experiment. 

The formalin solution was prepared from a commercially available 
stock (an aqueous solution of 37% formaldehyde, Panreac Química, S.A. 
U.), further diluted in saline to reach a final concentration of 2.5%. 

The barium sulfate suspension used as the contrast medium for the 
radiographic study was suspended in tap water (2 g/ml, t = 22 ◦C; 
Barigraph ® AD, Juste SAQF, Madrid, Spain). 

2.4. Forced swim stress procedures 

In order to induce stress, the repeated FSS paradigm was used as 
described previously [21]. Rats were placed in a cylinder (40 cm in 
diameter and 50 cm in height) filled with clean tap water (24 − 26 ◦C) up 
to a height of 30 cm. Rats were submitted to forced swimming once a day 
for three consecutive days; the first day for 10 min and the subsequent 
two days for 20 min. After each session, rats were dried up with a towel 
and placed back into their cages. The rats of the control groups remained 
undisturbed in their cages. 

2.5. Behavioural assessments 

2.5.1. Anxiety assessment 
To test if the FSS paradigm produced an anxiety-like behaviour, the 

elevated plus-maze was used [22]; the maze is a plus-shaped platform 
with two opposite open arms (50.8 cm × 10.2 cm) and two closed arms 
(50.8 cm × 10.2 cm × 40.6 cm), which are elevated 72.4 cm above the 
floor. Each animal was placed in the center of the maze and allowed to 
explore it for five min. The experiment was recorded, and the time (s) 
spent by each animal in the closed and open arms was counted. The 
entries and the total time spent into open arms are important indicators 
to assess the anxiety of animals. 

2.5.2. Locomotor activity 
The infrared beam-based activity meter (Cibertec, Spain) was used to 

determine any possible alteration of the spontaneous locomotor activity 
induced by morphine in control and FSS rats. For such purpose, animals 
were individually placed in separate photocell activity chambers (55 cm 
× 40 cm; spacing between beams 3 cm) [23] and the number of crosses 
(interruptions of photocell beams) was recorded over a 30 min period. 
The effect of morphine was compared with that of the vehicle, and the 
FSS rat group with the control rats. 

2.5.3. Nociceptive tests 

2.5.3.1. Masseter muscle pain. The masseter pain model was used, as 
previously described [23,24], to assess muscle pain in the orofacial re-
gion. Rats were lightly anaesthetized with sodium pentobarbital (50 
mg/kg, i.p.) and the skin over the masseter muscle was carefully shaved. 
The level of light anesthesia was determined by providing a noxious 
pinch to the tail or the hind paw with serrated forceps; animals typically 
respond to these stimuli with an abdominal constriction and with a 
withdrawal reflex. Experiments were continued only after the animals 
showed reliable reflex responses to every noxious stimulus. 

The ipsilateral hind paw shaking behaviour evoked by hypertonic 
saline (HS) stimulation of the masseter muscle is accepted as an index of 
muscle nociception. 100 μl of HS (5% NaCl) were administered into the 
mid-region of the right masseter muscle, and the total number of shakes 
was counted by only one researcher to maintain consistency. To do this, 
the experiments were recorded on video and played back in slow 
motion. 

2.5.3.2. Gastrocnemius muscle pain. The gastrocnemius pain model was 
used, as previously described [25,26], to assess the muscle pain in the 
limb region. The injection of 500 μl of HS in the mid-region of the 
gastrocnemius evokes a nociceptive behaviour, which consists in the 
withdrawal or flexing of the affected paw. Once HS was injected in the 
muscle, the animal was kept in a Plexiglas box and two mirrors were 
positioned underneath and behind it to permit unobstructed viewing of 
the paw. The time (s) that animals remained with the paw flexed or 
withdrawn was measured for up to five min. 

2.5.3.3. Inflammatory pain 
2.5.3.3.1. Orofacial inflammatory pain. The orofacial formalin test 
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was performed to assess inflammatory pain as described by Burgos et al., 
2010 [24]. Briefly, 50 μl of formalin 2.5% were injected subcutaneously 
(s.c.) in the vibrissal pad, just lateral to the nose. This injection evokes 
recurrent and persistent episodes of paw strokes directed to the perinasal 
area (face rubbing), thus the number of seconds the rat spent rubbing the 
injected area with the ipsilateral fore or hind paw was considered as the 
nociceptive score. 

2.5.3.3.2. Paw inflammatory pain. Paw formalin test was used as 
previously described [27]. For this, 20 μl of formalin 2.5 % were injected 
into the plantar surface (s.c.) of the right hind paw. This injection evokes 
two characteristic behaviours: flinching/shaking and licking/biting of 
the injected paw. Both behaviours were recorded at the same time and 
the sum of the number of flinches/shakes plus the time (s) spent lick-
ing/biting was considered as the nociceptive response. It is commonly 
accepted that the combination of these two behaviours provides a better 
measurement of pain intensity than that of each behaviour alone [7,27]. 

In both tests (orofacial and paw formalin), one researcher injected 
formalin, whilst another experimented researcher carefully restrained 
the rat. After the injection, the animal was immediately placed on a 
recording chamber. The nociceptive behaviours were measured at three 
min intervals up to the min 36; this is the period when there are more 
nociceptive behaviours and furthermore, previous studies have shown 
that forced swim induces more significant changes in the pain scores 
within the first 30 min after formalin injection [28,29]. 

Two periods were considered: an early or acute phase corresponding 
to acute nociceptive pain that started immediately after the formalin 
injection until the min 3 (orofacial) or the min 6 (paw); and a late or 
inflammatory phase, from the min 12 to the min 36 after formalin in-
jection, which corresponds to inflammatory pain. In order to provide an 
easy representation of the nociception in both phases, these results were 
transformed into the area under the curve (AUC) using the trapezoidal 
rule; as a result, a single quantifiable value was given for each phase 
[30]. 

2.6. Role of opioid receptors in stress effect on masseter pain 

The implication of opioid receptors in the modulatory effect of stress 
on the antinociceptive effect of morphine was studied in the model of 
orofacial muscle pain. Naloxone (2 mg/kg) was administered 30 min 
before each of the three consecutive sessions of forced swimming [25, 
31]. 

2.7. Gastrointestinal motor function 

Non-invasive radiographic techniques were used to assess the effects 
of morphine on the GI motor function of control and FSS rats, as pre-
viously described [32,33]. Radiographic sessions were carried out 1 h 
after the administration of morphine or its vehicle. In each session, 
without using anesthesia, rats were administered per os 2.5 ml of a 
suspension of barium sulfate as a contrast medium, after which plain 
facial radiographs of the GI tract were taken at different times (imme-
diately after and 1, 2, 4, 6 and 8 h later: times indicated as T0, T1, T2, T4, 
T6 and T8). A CS2100 (Carestream Dental, Madrid, Spain) digital X-ray 
apparatus (60 kV, 7 mA) was used. X-rays were recorded on Carestream 
Dental T-MAT G/RA film (15 ×30 cm) housed in a cassette provided 
with regular intensifying screen. Films were developed using a Kodak 
X-omat 2000 automatic processor. The focus distance was manually 
fixed to 50 ± 1 cm and the exposure time was adjusted to 20 ms. Rats 
were immobilized in the prone position, by placing them in hand-made, 
rat-adjustable, transparent plastic tubes. To minimize stress, rats were 
released from the tubes immediately after each shot and thus, immo-
bilization lasted 1–2 min. GI motility was not significantly altered by 
habituation of the animals to the recording chamber before the starting 
of the experiments [32]. 

The evolution of GI motility in rats was semiquantitatively analysed 
from radiographic images. Thus, for the different GI regions (stomach, 

small intestine, caecum and colorectum) the following parameters were 
considered and scored: percentage of the GI region filled with contrast 
(0− 4); contrast intensity (0− 4); contrast homogeneity (0− 2) and 
sharpness of the GI region profile (0− 2). After scoring each GI region, a 
sum of the values obtained for each parameter was made (0–12 points). 
The analysis of the radiographs was carried out by a trained researcher 
who was blind to the treatments. 

2.8. General procedures and experimental design 

Test sessions were carried out between 09:00 and 15:00 h. Animals 
were randomly assigned to different experimental groups (N ≥ 8). 
Separate groups of rats were used for each experimental procedure and 
treatment and were used only once. The researchers who carried out the 
experiments were blind to the treatments. 

All assays were performed in non-stressed (control) and in stressed 
rats by FSS and were performed 24 h after the last swimming session in 
FSS animals [34]. Control animals were left undisturbed in their cages 
until the day of the experimental procedures (Fig. 1). 

Morphine, naloxone and their vehicle were administered intraperi-
toneally (i.p.) in a volume of 1.5 ml/kg. To test the antinociceptive effect 
of morphine, doses of 0.6–2.5 mg/kg were used in masseter pain model, 
1.25–5 mg/kg in gastrocnemius model and 5 mg/kg in the formalin test. 
Doses were chosen based on our previous studies [23,25]. The doses of 
morphine evaluated in the GI motor function assays were 2.5 and 
5 mg/kg. The antinociceptive effect of morphine was always evaluated 
starting 30 min after its administration and compared with that of the 
vehicle. 

2.9. Statistical analysis 

All data were analysed and plotted on graphs using the GraphPad 
Prism 7.0 software (GraphPad Software, San Diego, USA), and expressed 
as mean ± SEM. The normality of all data was assessed by D′Agostino & 
Pearson test. Two-way ANOVA test (treatment x stress) followed by 
Sidaḱs multiple comparisons test was used to determine statistical sig-
nificance between morphine treatment and FSS. To analyse the anal-
gesic effect of morphine, comparisons were made with the group of 
animals treated with vehicle and, to study the effect of stress, compar-
isons were made with the control group (not subjected to forced 
swimming). 

One-way ANOVA followed by Dunnet’s post hoc test was used to 
compare the effect of antagonists. Unpaired t-test was used to analyse 
data from plus-maze test. 

Values of p < 0.05 were considered statistically significant. 

3. Results 

3.1. Behavioural tests 

3.1.1. Anxiety assessment 
Both control and FSS animals spent more time in closed arms than in 

open ones. t-test showed no significant differences in the time spent in 
open and closed arms between them (Closed and open arms: p > 0.05 vs. 
control animals). These data suggest that FSS did not induce an anxiety 
behaviour (Fig. 2). 

3.1.2. Locomotor activity 
When animals submitted to FSS were treated with vehicle (Veh), the 

number of photobeam crosses were reduced when compared to the 
vehicle control animals (p < 0.05). On the other hand, morphine (MF) 
reversed this reduction in the locomotor activity (MF2.5: p < 0.01; MF5: 
p < 0.05 vs. Veh) and no differences were found between the control and 
stressed animals treated with morphine (p > 0.05) (Fig. 3). 
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3.2. Nociceptive tests 

3.2.1. Effect of FSS on muscle pain and on the effect of morphine 

3.2.1.1. Masseter pain. Two-way ANOVA test indicated a significant 
effect of treatment (F(3,84)= 25.62, p < 0.0001) and stress 
(F(1,84)= 12.57, p < 0.001) factors, but not for treatment x stress 

interaction (F(3,84)= 1.408, p > 0.05). 
Stress did not modify the HS-induced nociceptive behaviour in rats. 

As expected, morphine (0.6–2.5 mg/kg) reduced the HS induced noci-
ceptive behaviour in control animals (MF0.6: p < 0.05; MF1.25 and 2.5: 
p < 0.0001 vs. control), but FSS significantly reduced the anti-
nociceptive effect of morphine and only the doses of 1.25 and 2.5 mg/kg 
had an antinociceptive effect, which was 25% and 36.4%, respectively 
lower in stressed rats than in control ones (p < 0.05 vs. control) 
(Fig. 4 A). 

3.2.1.2. Gastrocnemius pain. Two-way ANOVA showed only a signifi-
cant effect for treatment factor (F(3,73)= 45.1, p < 0.0001) but not for 
stress (F(1,73)= 1.457, p > 0.05) nor treatment x stress interaction 
(F(3,73)= 1.178, p > 0.05). 

Again, FSS did not modify the nociceptive behaviour in response to 
HS in vehicle treated rats and morphine reduced the nociceptive 
behaviour after HS injection (MF1.25: p < 0.01; MF2.5 and 5: 
p < 0.0001 vs. control). On the contrary as what had happened in the 
masseter, FSS did not induce a reduced response to morphine when 
compared to the control animals (p > 0.05). (Fig. 4B). 

3.2.2. Effect of FSS on inflammatory pain and on the effect of morphine 
To reduce the necessary number of animals following ethical con-

siderations and based on the results obtained in the muscle pain ex-
periments and in a previous pilot study (data not shown), a single dose of 
morphine, 5 mg/kg, was chosen to test its effect in the formalin-induced 
inflammatory pain model. 

3.2.2.1. Orofacial formalin test. The typical biphasic nociceptive 
response induced by formalin injection, as well as the effect of morphine 
on control and FSS animals can be seen in Fig. 5A. 

Statistical analysis revealed significant effects in the acute phase for 
treatment (F(1,54)= 6.283, p < 0.05) and stress (F(1,54)= 4.199, 
p < 0.05) factors, but not for interaction between morphine and stress 
(F(1,54)= 1.536, p > 0.05). In inflammatory phase, treatment and stress 
factors had significant effect (treatment: F(1,54)= 8.646, p < 0.01; stress: 
F(1,54)= 5.467, p < 0.05; treatment x stress interaction: F(1,54)= 2.309, 
p > 0.05). 

Overall, stress did not modify the nociceptive effect of formalin in 
either of the two phases. Morphine 5 mg/kg reduced the nociceptive 
response in both the acute (p < 0.05, Fig. 5B) and inflammatory 
(p < 0.01, Fig. 5C) phases in control non-stressed animals, whilst in 
animals submitted to FSS, morphine lost its antinociceptive effect 
(p > 0.05, Fig. 5B and C). 

Thus, although FSS did not modify orofacial inflammatory 

Fig. 1. Experimental protocol. Rats were submitted to force swim stress for three consecutive days or left undisturbed in their cages. On the fourth day, the 
different assays were performed. 

Fig. 2. Influence of forced-swimming stress (FSS) on anxiety-related 
behaviour in the elevated plus-maze. Each scatterplots represent the mean 
± SEM of the time (s) spent in open and closed arms of control and FSS ani-
mals. N ≥ 8. 

Fig. 3. Effect of stress and morphine on locomotor activity. Each scatter-
plot shows the number of crosses (mean ± SEM) in the actimeter test, per-
formed by control and stressed animals (FSS) treated with vehicle (Veh) or 
morphine 2.5 and 5 mg/kg. #p < 0.05 vs. control (non-stressed animals); 
* p < 0.05, ** p < 0.01 vs. Veh. Unpaired t-test, N ≥ 10. 
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nociception, it significantly (p < 0.05) reduced by a 26% the anti-
nociceptive effect of morphine in the acute phase and 23% in the in-
flammatory phase. 

3.2.2.2. Paw formalin test. The characteristic curves showing the noci-
ceptive responses to formalin injection in the paw, in control and FSS 
animals, treated with vehicle or morphine 5 mg/kg, are illustrated in 
Fig. 5D. 

In the acute phase, statistical analyses showed significant effect for 
both morphine treatment (F(1,49)= 52.26, p < 0.0001) and stress 
(F(1,49)= 9.153 p < 0.01) factors, but not for treatment x stress interac-
tion (F(1,49)= 0.095 p > 0.05). In the inflammatory phase, only stress 
factor had a significant effect (treatment: F(1,49)= 2.997, p > 0.05; 
stress: F(1,49)= 9.01 p < 0.01; treatment x stress interaction: 
F(1,49)= 0.648, p > 0.05). 

FSS slightly increased the nociceptive response to formalin injection 
in the acute phase (p < 0.05), but not in the inflammatory one. 

Morphine reduced the number of nociceptive behaviours in a similar 
manner in both stressed and control animals in the acute phase. In the 
inflammatory phase there was a statistically significant difference be-
tween both, control and stressed, groups treated with morphine. 

Thus, FSS did not affect the antinociceptive effect of morphine in the 
acute phase. On the other hand, in the inflammatory phase although we 
did not see a statistically significant effect of morphine in the control 
group, it reduced by a 17.86% the total nociceptive behaviours in con-
trol animals, whilst only a 5.64% in the FSS group. 

3.3. Involvement of opioid receptors in the reduced effect of morphine in 
stressed animals 

The following experiments were performed to study if opioid re-
ceptors were involved in the mechanisms by which stress reduces the 
antinociceptive effect of morphine. 

Because we observed a less robust effect in the tests performed in the 
limbs we decided to use an orofacial one. 

Additionally, to reduce the number of animals (for ethical reasons) 
and because similar results were observed in the orofacial HS and 
formalin tests we tested the antagonist in the orofacial HS test. 

The administration of naloxone prior to each session of forced 
swimming, recovered the antinociceptive effect of morphine; conse-
quently, in the naloxone and morphine treated group a significant 
decrease in nociceptive responses, compared to FSS rats treated just with 
morphine was found (p = 0.005) (Fig. 6). Naloxone alone did not modify 

the response to HS (p > 0.05). 

3.4. Effect of FSS and morphine on gastrointestinal function 

When the effect of FSS and morphine in different GI regions was 
analysed, we observed that stress did not affect gastric emptying but 
slightly delayed small intestine emptying, with statistically significant 
differences at T6 (p > 0.01) (Fig. 7A and B). Similarly, when the effect of 
the morphine treatment was evaluated on the GI transit of the control 
and FSS groups, it was observed that neither the transit of the stomach 
nor small intestine were affected. 

As shown in Fig. 7 C, stress alone did not modify the motility of the 
caecum, however, morphine (2.5 and 5 mg/kg) delayed the filling of the 
caecum in control and stressed animals at T2 (control MF2.5: p < 0.01; 
control MF5, FSS MF2.5, FSS MF5: p < 0.001), and at T4 in the control 
group with the dose of 5 mg/kg (p < 0.05). 

As in the caecum, stress alone did not alter the motility in the col-
orectum either (Fig. 7D), although transit of the colorectum was 
significantly delayed in animals treated with both doses of morphine at 
T4 and T6 (p < 0.001). 

Thus, morphine delayed GI transit in both caecum and colorectum 
and its effect was not affected by FSS. 

4. Discussion 

In the present research, the effects of stress on nociception and on the 
effect of morphine in two different anatomic areas: orofacial (trigeminal 
innervation) and limb (spinal innervation) and two different types of 
pain (nociceptive and inflammatory) were assessed in the same study, 
for the first time. 

The main findings are that short-term stress reduces significantly the 
antinociceptive effect of morphine when the pain is orofacial, although 
it does not modify muscular or inflammatory pain in an important 
manner either in the orofacial area or in the limbs. On the other hand, 
this type of stress does not affect morphine-induced GI transit 
modification. 

Before evaluating nociception, we have tried to rule out two possible 
behavioural problems: anxiety and locomotor alterations, to discard an 
important systemic effect of stress. 

Some authors have detected anxiety induced by long lasting stress 
models [35], thus our first aim was to detect the presence of anxiety due 
to FSS. Therefore, we used the plus maze test because it is accepted to be 
quite specific to detect this alteration [36]. We did not find anxiety 

Fig. 4. Nociceptive behaviour induced by HS in the masseter and gastrocnemius muscles. The graphs show the nociceptive responses to HS injection on 
masseter (A) and gastrocnemius (B) on control rats and rats stressed by forced swimming (FSS), treated with vehicle (Veh) or different doses of morphine. Scatterplots 
show the mean ± SEM of the total number of hind paw shakes (A) or the time (s) the rat spent with the paw withdrawn or flexed (B). * p < 0.05, ** p < 0.01, 
**** p < 0.0001 vs. Veh; #p < 0.05 vs. non-stressed animals at the same doses of morphine. Two-way ANOVA, followed by Sidaḱs multiple comparisons post hoc 
test. N ≥ 10. 
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behaviour in FSS animals. 
In the actimeter test, our results show that FSS animals moved 

slightly less than control ones, which is in line with previous studies [37, 
38]. In addition, at the tested doses, morphine did not significantly alter 
the spontaneous locomotion of control animals and reversed the effect 
detected on animals under FSS. Furthermore, when nociception was 
assessed, no decrease in nociceptive responses was found in FSS animals, 
supporting the idea that modifications in spontaneous motility are not 
significant enough to alter the assessment of nociception. To date, the 
effects of stress and morphine on locomotor activity are not entirely 
understood, although it has been shown to be increased by the release of 
corticosteroids during the stress procedures [39]. Additionally, an 
upregulation of the mu opioid receptor in the tegmental ventral area and 

midbrain seems to be responsible, at least partly, of this effect [40,41]. 
Thus, both, stress and morphine have shown to induce similar effects 
potentiating excitatory and inhibitory synapses [42]. Possibly these 
mechanisms explain why, in our study, morphine increased the loco-
motor activity in the stressed rats. 

Because the formalin test has been widely used to evaluate the effect 
of stress in previous studies [28,29,7], it was our choice to study in-
flammatory pain. 

The effect of FSS on nociceptive behaviour to formalin injection in 
the paw has been previously studied and the results are controversial. 
While some authors have demonstrated hyperalgesia in both the acute 
and inflammatory phases [29] or only in the inflammatory phase [21, 
43], others have not observed any of these alterations [44]. It should be 

Fig. 5. Nociceptive behaviour induced by formalin in the vibrissae and paw. Panels A and D represent the time course of formalin-induced nociceptive be-
haviours in orofacial and paw regions, respectively, in control (non-stressed) and FSS rats, treated with vehicle and morphine 5 mg/kg. Each point expresses the mean 
± SEM of nociceptive behaviours in seconds (A) or number (D) in three-min periods during 36 min. Panels B, C, E and F show the nociception induced by orofacial (B, 
C) and paw (E, F) formalin injection. Scatterplots represent the mean ± SEM of the area under curve (AUC) in the acute phase (B, E) and in the inflammatory phase 
(C, F) in control and FSS animals treated with vehicle (Veh) and morphine 5 mg/kg. * p < 0.05, ** p < 0.01, **** p < 0.0001 vs. Veh; #p < 0.05 vs. non-stressed 
animals. Two-way ANOVA, Sidaḱs multiple comparisons post hoc test, N ≥ 10. 
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noted that the methodologies and strains of rats are different across 
studies, which may justify the different results [44]. Under our condi-
tions, repeated exposure to FSS overall did not modify orofacial in-
flammatory pain with only a slight increase in the nociceptive 
behaviours in the paw formalin test during the acute phase. 

Although there are very few preclinical studies addressing the effect 
of stress on muscle pain, it has been reported that chronic or repeated 
stress is particularly effective in promoting or increasing muscle pain. 
For example, early-life stress or repeated cold stress produces muscular 
mechanical hyperalgesia [45,46]. Additionally, clinical and preclinical 
studies have related chronic stress to hyperalgesia or enhanced noci-
ception in the masticatory muscles [47-49]. 

The level of stress used here did not modify nociception in the 
masseter or the gastrocnemius. These results are very similar to those 
obtained in the formalin test; it seems that the stressor used is not intense 
or long enough to modify nociception. This is in line with a previous 
study in which FSS for three days was defined as “short-term stress” as it 
did not induce significant changes in basal nociception [10]. 

Regarding the effects of morphine, a single dose was selected from a 
pilot study, to test its antinociceptive effect in the formalin test in 
stressed and control animals. At the tested dose, the effect of this opioid 
did not reach a statistically significant antinociceptive effect in the in-
flammatory phase in the paw, thus this finding corroborates our previ-
ous finding that opioids have a higher efficacy in the orofacial muscles 
than those innervated spinally [25]. On the other hand, and as expected, 
morphine reduced the nociceptive behaviour induced by HS in a 
dose-dependent manner in control animals in both the masseter and the 
gastrocnemius muscles [25]. 

When the effect of morphine was tested in the stressed animals, a 
decrease in its antinociceptive effect was found, which is in accordance 
with previous studies which have used longer stress protocols [50,51,8]. 
A study performed by Suarez-Roca et al., 2006 also found a reduced 
antinociceptive effect of morphine after three days of forced swimming 
in the hot plate test, at greater doses (7.5 mg/kg) but not at lower doses 
(3 mg/kg). In this study the authors did not evaluate the locomotor 
activity. Considering that both stress and morphine at high doses affect 
locomotor activity, and how both interact to finally affect locomotor 
activity is to date not sufficiently known, the differences found between 
both studies could be due to the doses of morphine and the tests which 
have been used. 

Interestingly, under our experimental conditions, there was a 
reduction in the antinociceptive effect of morphine in the orofacial acute 
nociceptive tests (HS and first phase of formalin), whilst this did not 

happen in the limbs. Previously, we have found that peripherally acting 
opioids have an antinociceptive effect in orofacial pain but not in the 
limbs [19] and that there are more µ opioid receptors in the trigeminal 
than L5 dorsal root ganglia [15]. Therefore, the orofacial area seems to 
be more susceptible to peripheral opioid analgesia. Although the 
mechanisms underlying the difference in the loss of morphine effect 
between the two areas cannot be explained at this stage, our results 
could indicate that peripheral opioid receptors are more vulnerable to 
stress. 

The reduction in the efficacy of morphine could be explained by the 
fact that different stressors cause a reduction in the µ opioid receptor 
binding capacity in rodents and humans, due to a decrease in µ opioid 
receptors, in different structures of the CNS implicated in pain trans-
mission [52-54]. 

Authors hypothesize that exposure to stress triggers the release of 
endogenous opioid peptides causing a down-regulation of opioid re-
ceptors, as µ opioid receptor internalization can be induced by endog-
enous opioids [55-57]. Although several studies have studied the effects 
of stress on the endogenous opioid system, we antagonized for the first 
time the effects of stress with naloxone, thus our results confirm this 
hypothesis, because when animals were pretreated with naloxone before 
FSS, morphine conserved its antinociceptive effect. This is most prob-
ably due to the antagonism of naloxone on opioid receptors thus these 
receptors become protected against the binding of endogenous opioids 
and, consequently, against receptor internalization, and therefore 
morphine conserves its antinociceptive effect. 

Finally, we aimed to study if stress could also affect one of the most 
common opioid induced adverse effects, i.e. constipation. This was 
performed through radiographic methods. In a previous radiographic 
study, 10 mg/kg of morphine reduced rat gastric emptying and intesti-
nal motility, but its effects were much more pronounced in the intestinal 
regions [58]. In the present study, lower doses of morphine (2.5 and 
5 mg/kg) still reduced intestinal transit but did not affect gastric 
emptying, suggesting that the intestines are more sensitive to morphine 
than the stomach. 

Overall, we did not find any effect of stress on GI transit; previous 
studies have shown that GI motility tends to normalize when homotypic 
stress is applied [2]. Curiously, there was a slight delay in the transit of 
the small intestine, which is in line with our previous study, although the 
time of stress induction is different in both studies [59]. Nevertheless, 
FSS did not modify the effect of morphine on GI motility. This is com-
parable to results previously obtained using acute restraint stress [60], 
suggesting that opioid-induced GI dysmotility may be universally 
resistant to stress. Thus, the mechanisms by which stress modifies the 
antinociceptive effect of morphine, but not of constipation seem to be 
different, which should be ascertained with additional experiments. 

To conclude, according to our experimental conditions, exposure to 
forced swimming stress for three days does not significantly alter the 
perception of inflammatory or muscular pain. Additionally, it does not 
induce anxiety or GI transit disorders. However, it does produce a 
marked decrease in the analgesic effect of morphine, mainly when the 
pain is located in the orofacial region. On the other hand, forced 
swimming stress does not reduce the constipation induced by morphine. 

Conclusion 

Short term stress may decrease opioid analgesia when pain is local-
ized at the orofacial area although it does not modify nociception. 
Therefore, the prevention or coping with the daily stressors may be 
essential to obtain an adequate opiate analgesia in the management of 
pain. 
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Fig. 6. Nociceptive responses to HS injection on masseter in control and 
FSS rats with different treatments. Scatterplots show the mean ± SEM of the 
total number of hind paw shakes in rats treated with morphine (MF) 1.25 mg/ 
kg and pretreated with naloxone (NX) before each swimming session. 
* p < 0.05 vs. control intragroup; ** p < 0.01 vs. FSS-MF 1.25. One-way 
ANOVA, Sidaḱs multiple comparison post hoc test, N ≥ 10. 
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Fig. 7. Effect of morphine in control and FSS animals in 
the GI transit. Radiographic analysis of the effect of 
morphine (MF) (2.5 and 5 mg/kg) on GI motor function in 
control and stressed rats by forced swim stress (FSS). 
Curves show barium transit in the stomach (A), small in-
testine (B), caecum (C) and colorectum (D), using a semi-
quantitative score. Panel E shows representative X-rays 
obtained from control and stressed rats treated with vehicle 
and MF 5 at 0, 2, 6 and 8 h after barium administration. 
Results are shown as mean ± SEM * p < 0.05, 
*** p < 0.001: MF 5 vs. control; + + p < 0.01, 
+ ++ p < 0.001: MF 2.5 vs. control; ###p < 0.001: MF 2.5 
FSS vs. FSS; &&&p < 0.001: MF 5 FSS vs. FSS; %%p < 0.01 
FSS vs. control. Two-way ANOVA, Sidaḱs multiple com-
parisons post hoc test, N ≥ 6.   
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Shuhaibar, Role of μ-opioid and NMDA receptors in the development and 
maintenance of repeated swim stress-induced thermal hyperalgesia, Behav. Brain 
Res. 167 (2006) 205–211, https://doi.org/10.1016/j.bbr.2005.09.006. 

[35] W. Lin, Y. Zhao, B. Cheng, H. Zhao, L. Miao, Q. Li, Y. Chen, M. Zhang, NMDAR and 
JNK activation in the spinal trigeminal nucleus caudalis contributes to masseter 
hyperalgesia induced by stress, Front. Cell. Neurosci. 13 (2019) 1–9, https://doi. 
org/10.3389/fncel.2019.00495. 

[36] K. Belovicova, E. Bogi, K. Csatlosova, M. Dubovicky, Animal tests for anxiety-like 
and depression-like behavior in rats, Interdiscip. Toxicol. 10 (2017) 40–43, 
https://doi.org/10.1515/intox-2017-0006. 

[37] A.C. Harris, C. Mattson, D. Shelley, M.G. Lesage, Restraint stress attenuates 
nicotine’s locomotor stimulant but not discriminative stimulus effects in rats, 
Pharmacol. Biochem. Behav. 124 (2014) 92–100, https://doi.org/10.1016/j. 
pbb.2014.05.012. 

[38] Y. Pan, W. Lin, W. Wang, X. Qi, D. Wang, M. Tang, The effects of central pro-and 
anti-inflammatory immune challenges on depressive-like behavior induced by 
chronic forced swim stress in rats, Behav. Brain Res. 247 (2013) 232–240, https:// 
doi.org/10.1016/j.bbr.2013.03.031. 
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