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Abstract

Background: Empathy is the capability to represent the mental and emotional states of other subjects.
Previous studies have demonstrated a possible correlation between morphine addiction and altered empathy
response in morphine-addicted subjects. This study was performed to evaluate the effect of chronic morphine
exposure as an animal model of morphine addiction on empathic changes in affective and sensory pain.

Methods: Adult male Wistar rats (3 months old) were used for the current study. Animals were grouped in
cages of two (n = 8 for each group) and one animal was selected as the pain observer group. Pain observer
animals received either saline or morphine (10 mg/kg, twice daily for 8 days). At ninth day, formalin [50 pg,
5%, subcutaneous (SC)] was injected into the hindpaw of the cagemate and placed inside the cage. Elevated
plus maze (EPM) and open field test (OFT) were recruited to evaluate anxiety; hot plate and tail flick tests
were used to assay sensory pain. Conditioned place aversion (CPA) was also measured as indicator of
affective pain component.

Findings: Chronic morphine exposure led to a reduced level of anxiety in EPM and OFT assays. An opioid-
induced hyperalgesia was observed in the sensory pain assays, while there was a reduced affective pain in the
CPA paradigm in morphine-treated animals.

Conclusion: It might be plausible that chronic morphine exposure might alter empathy for pain through
affective and not sensory pain pathways.
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Chronic Morphine Alters Affective Empathy

Introduction

Addiction to opioids is a major health issue globally
and has many negative consequences for the
subjects involved.! It has been estimated that about
20% of the general population use opioids
throughout their lifetime and opioids pandemic has
become a disaster for many developed countries.2
Empathy is the capability to mentally represent the
feelings and emotional states of other people and
studies in the last decades have demonstrated that
many species including primates and rats possess
empathy-like behaviors.34

It has been shown that observing others in pain
and sensory pain share the same neurological
mechanisms involving opioid receptors®® and
oxytocin is highly involved in empathy for pain.”
For instance, placebo analgesia, which recruits
opioid system to modulate pain, has been
demonstrated to alter empathy for pain in human
subjects and thus, a significant role has been
designated to opioids in the empathy process.3?

Chronic use of morphine alters synaptic
transmission and neural function at different levels
and leads to altered cognition and emotional
regulation.’® Effects of addiction to morphine on
cognition and mentality have been demonstrated,!12
but few studies have evaluated the effects of chronic
use of morphine on emotional empathic pain.’314
Verdejo-Garcia has demonstrated impaired social
cognition, emotional recognition, and empathy in
cocaine addicts.’> Nazeri et al. have demonstrated
that opioid system altered empathy-like behaviors
in rats and acute morphine administration of
opioids led to a decreased empathy-like response in
the pain observing animals, reversed by
administration of opioid antagonist naloxone.?
Furthermore, affective component of empathic pain is
altered by observing a conspecific in pain®> and
chronic morphine administration.’6

Considering the role of opioidergic system in
the modulation of empathic pain, this study was
conducted to assess the effects of chronic morphine
exposure on empathic behaviors in rats and altered
affective pain component in animal model of
empathy. Findings of this study might provide a
platform for further research on the adverse social
consequences of addiction to morphine and also
the mechanisms of empathy in animals.

Methods

In the experimental study, adult male Wistar rats

252

http://ahj.kmu.ac.ir,

Nazeri-Rezaabad et al.

were obtained from Kerman Neuroscience
Research Center, Kerman, Iran, and used in the
current study (n = 8 for each group, weighing 250-
280 g). After obtaining ethical confirmation from
Ethics Committee of Kerman University of Medical
Sciences, Kerman, and Ethics Committee of AJA
University of Medical Sciences, Tehran, Iran, the
study was initiated. Effort was made to minimize
unnecessary harm (AJAMU-98/4). Rats were kept
in cages of two for a one-month period. Animals
had free access to food and water and were held in
standard laboratory conditions (temperature: 23-25
°C and 12/12 hours dark/light).

Animals were kept in cages of two; one animal
was designated as the pain observer and the other
one underwent injection of formalin into the
hindpaw. A valid animal model for addiction to
morphine was used in the current study.!”
Observer animals either received saline or
morphine [10 mg/kg, intraperitoneal (IP)] for 8
consecutive days and after 8 days, the
experiments to evaluate the effects of empathy on
locomotion, anxiety-like behaviors, and affective
pain component were commenced.

Empathy for pain was evaluated using a
method previously published.81> Cagemates
designated as pain sufferers were injected with
formalin [50 pl, 5% subcutaneous (SC), Dana Teb,
Iran] into the skin of hindpaw and then the
animal was placed in the cage besides the pain
observer rat'> that has already received morphine
or saline for 8 days. Anxiety and pain assays were
conducted on the observer rats to study the effects
of chronic exposure to morphine on empathic
behaviors. The following assays were performed
on each animal.

Open field test (OFT): Animals were placed in
the middle of the open field and their behaviors
were tracked with EthoVision software (version
7.1, Noldus Information Technology,
Netherlands) for a five-minute period. This
apparatus was a field made of black wood [56 X
56 x 20 (height ) cm]. Its floor was divided into 16
squares, delineating central and peripheral
squares. These parameters were evaluated for
each animal: total distance moved (TDM), time
spent in center, and the number of rearing. After
each trial, animals were removed from the
chamber and it was cleaned with a dry cotton.’8

Elevated plus maze (EPM): The apparatus was
made of two open arms and two close arms
(50 x 50 x 50 cm) at 50cm height from the ground.
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Each animal was put in the center of the maze and
the following parameters were recorded using a
digital camera above the apparatus: number of
entrance into the open and close arms and time
spent in each arm.

Hot plate: A hot plate device (LE710, LSI
LETICA, Spain) with a 19cm diameter plate and
30cm  height plexiglass device was wused.
Temperature was adjusted to 52.0 £ 0.5 °C and
reaction time was measured in each animal as the
time spent between the onset of the test and
observation of hindpaw licking or jumping
(threshold to avoid tissue damage: 45 s).1>

Tail flick: This test assays response to acute
thermal stimulus at the spinal level. The animal
was restrained in a restrainer with their tales
hanging freely. The lower 5cm of the tail was
marked and put under the burning confocal light
emitted to the skin of the tail. Reaction time was
measured from the onset of emitting to tail
withdrawal as a reflex.1?

Conditioned place aversion (CPA) for pain: A
separate group of saline or morphine-treated
animals was used for this assay to avoid possible
impact of previous behavioral assays. The CPA
apparatus consisted of 3 compartments (45 x 45
cm each). Partitions were marked either with
vertical or horizontal lines or blank walls. In the
preconditioning day, animals were placed in the
neutral section and they could freely explore each
three sections. Time spent in the compartments
was recorded, and in case of no bias to a specific
compartment (time spent in 1 compartment more
than 60% of the total time), the assay continued.
Preconditioning duration was 20 minutes. On the
conditioning days (days 2-5), animals were
injected with formalin solution (50 pl, 2%, SC) into
either hindpaw in a specific compartment or
saline (50 pl) in the other section so that each rat
received formalin for 2 days matched with one
section and was allowed to explore the
environment for a total of 50 minutes. On the
post-conditioning day (day 6), animals were again
put in the blank wall portion and were free to
explore the apparatus compartments. Time spent
in each section was recorded for 20 minutes. The
following was used to calculate CPA score:

CPA score = (time spent in the formalin-
matched section in day 6) - (the time spent in the
formalin-matched section in day 1).1

SPSS software (version 16, SPSS Inc., Chicago,

IL, USA) was used to analyze the obtained data.
Analysis of variance (ANOVA) followed by
Tukey’s post-hoc were used to compare data
among groups. A P-value less than 0.05 was
considered as significant. Data were presented as
mean * standard error of the mean (SEM).

Results

OFT: TDM and number of rearing were not
significantly ~different among study groups
(P > 0.05). Time spent in center was significantly
reduced in the saline group as compared to naive
and morphine groups (P < 0.05, ANOVA
followed by Tukey’s test). No significant
difference was observed in the time spent in
periphery among study groups (P > 0.05, data not
shown) (Figure 1, A-C).
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Figure 1. A) Total distance moved (TDM) was not
significantly different among study groups; B) time
spent in center was significantly decreased in saline-
treated group. Morphine dependence reversed this
effect of empathy; C) no significant difference was
observed in number of rearing in the animals.

P < 0.05 in comparison to naive rats
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EPM: Duration spent and entrance frequency into
the open arms were significantly diminished in the
saline-treated observer rats in comparison to naive
and morphine-treated animals (P < 0.05, ANOVA
followed by Tukey’s test) (Figure 2, A and B).
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Figure 2. A) Time spent in open arm was significantly
reduced in the saline group, while morphine-treated rats
had no significant difference from naive control animals;
B) number of entrance into the open arm was reduced in
the saline-treated group. Morphine reduced to a decreased
anxiety-like behavior following empathy for pain.

P < 0.05 in comparison to naive animals

Hot plate: Threshold to thermal noxious stimulus
was reduced in the saline-treated and morphine-
treated groups in comparison to naive animals
(ANOVA, P < 0.05). Furthermore, there was a
significant difference between morphine and saline
groups so that chronic morphine rats had a
significantly =~ lower nociceptive threshold in
comparison to saline-treated animals as well (ANOVA,
followed by Tukey’s post-hoc, P < 0.05) (Figure 3).
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Figure 3. A significant reduction in thermal
nociception was observed in saline-treated rats
observing their cagemate in pain. Chronic morphine
exposure led to even more reduced threshold.

"P < 0.05 in comparison to naive rats; P < 0.05 in comparison to
saline-treated animals

254

http://ahj.kmu.ac.ir,

Tail flick: No significant difference was
observed among study groups in this assay (P >
0.05, ANOVA) (Figure 4).
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Figure 4. Empathy for pain did not alter the thermal
nociception threshold at the spinal level in tail
flick assay.

CPA score: Saline-treated pain observers had a
significantly different CPA score in the CPA
paradigm. Chronic morphine treatment reversed
empathic effects on affective component of pain
and there was not a significant difference between
morphine and naive animals (Figure 5).
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Figure 5. Conditioned place aversion (CPA) score was
significantly different in saline-treated animals, so
that they had a higher level of aversion for painful
stimulus. Chronic exposure to morphine reversed this
effect of empathy for pain on affective pain
component.

P < 0.05 in comparison to naive rats

Discussion

Empathy is the capability to mentally represent
the feelings and mental states of other subjects.
Due to the significant role of opioidergic
processes in the empathy and the burden of
addiction to morphine in society, the present
study was performed to assay the effect of chronic
administration of morphine on empathy-induced
alterations in anxiety-like behaviors, nociception,
and affective pain component. Findings of the
study demonstrated that observing pain in a
conspecies led to an increased anxiety-like
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behavior and chronic exposure to morphine
dampened this empathy-induced anxiety.
Furthermore, empathy for pain leads to an
increased pain aversion, which was reversed by
chronic administration of morphine. Results of the
current study demonstrate that chronic morphine
dampens empathy-like responses through affective
and not sensory pain component.

Nazeri et al. have demonstrated that acute
opioid agonist therapy prior to the pain
observation leads to a dampened empathy in the
animals.® Rutgen et al. recruited placebo analgesia
to evaluate the role of opioidergic pathway in
humans. Their study demonstrated that opioids
played a pivotal role in empathy for pain and
pain pathways were activated in the same manner
as the first-hand experience of pain.? Singer et al.
have demonstrated that empathy for pain recruits
affective and not sensory pain pathways.?
Furthermore, van der Kam et al. have shown that
morphine impacts the affective pain component
in carrageenan-induced nociception. Chronic
exposure to morphine reverses the anxiety-like
behaviors following observation of pain in a
conspecies and affective component of pain which
was increased following observation of cagemate
in pain had no significant difference in morphine-
treated rats, thus demonstrating that chronic
morphine plausibly alters affective pain
component.’® Furthermore, Nazeri et al. have
previously demonstrated that empathy alters
affective pain and this was verified in the current
study. Interestingly, despite a reduced response to
noxious stimuli observed following chronic
morphine  administration,  affective  pain
component did not significantly change; thus, it
might be implied that chronic morphine exposure
alters empathy for pain through affective and not
sensory pain pathways.?

Martinotti et al. evaluated empathy in alcohol-
dependent subjects and demonstrated that both
cognitive and emotional empathy were altered in
these subjects. Since there are many similarities
between alcohol and morphine addiction,
especially the activation of limbic reward system, it
seems plausible to extend the findings of that study
to opium addicts as well and the current study
revealed that exposure to morphine for a
prolonged period altered empathic pain affection.?!

Watanabe studied the effects of empathy on
morphine conditioned place preference (CPP) and
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demonstrated that empathy for pain increased
preference for morphine; thus, empathy for pain
makes the animals more sensitive to rewarding
effects of morphine.?? Opioid receptors play an
important role in mood regulation and affect
within different brain regions. Nandigama and
Borszcz have demonstrated that morphine
injected directly into the amygdala of the rats led
to affective analgesia, consistent with the findings
of the present study, demonstrating that
morphine administration might alter affective
pain component in the empathy.? More studies
are needed to elucidate the exact mechanisms
involved and blockage of opioid receptors prior to
empathy for pain in morphine-addicted animals
might elucidate the exact mechanisms involved.

Vassileva et al. demonstrated that heroin
abusers had a lack of empathy and presented with
different psychopathic traits that are not
commonly seen in normal population. This lack of
empathic response due to abuse of heroin or vice
versa is something that must be evaluated in
future studies™ and the findings of the current
study might provide a basis to study the affective
component of pain in empathy and also the
plausible impact of different drugs of abuse on
affective pain processing and empathy.

Regarding the neurobiology of morphine
addiction, chronic abuse of morphine leads to a
reduced oxytocin secretion in the brain. On the
other  hand, oxytocin is the  major
neurotransmitter involved in empathy; thus, it
seems plausible that chronic administration of
morphine dampens empathy-like behaviors
through reduction in oxytocin secretion. Though
this hypothesis was not tested in the current
study, future studies might address the plausible
role of oxytocin in empathy for pain and affective
pain processing in opioid-dependent animals.?*

One of the limitations in the current study is the
use of male animals. Both pain and opioid
addiction are sex hormone-dependent phenomena;
thus, future studies might address the role of sex
hormones in morphine-induced changes in
affective pain in animal model of empathy.

Conclusion

Morphine dependence leads to a reduced
empathy in rats and chronic morphine exposure
reverses affective pain component changes
following empathy for pain. Future studies
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evaluating the role of different opioid receptor
subtypes and also the possible involvement of
oxytocin system and sex hormones in the animals
are highly suggested.

Conflict of Interests

The authors have no conflict of interest.

Acknowledgements
The authors would like to thank AJA University

References

1. Soelberg CD, Brown RE, Du Vivier D, Meyer JE,
Ramachandran BK. The US opioid crisis: Current
federal and state legal issues. Anesth Analg 2017;
125(5): 1675-81.

2. Volkow ND, Collins FS. The role of science in
addressing the opioid crisis. N Engl J Med 2017;
377(4): 391-4.

3. Langford DJ, Crager SE, Shehzad Z, Smith SB,
Sotocinal SG, Levenstadt JS, et al. Social
modulation of pain as evidence for empathy in
mice. Science 2006; 312(5782): 1967-70.

4. Panksepp JB, Lahvis GP. Rodent empathy and
affective neuroscience. Neurosci Biobehav Rev
2011; 35(9): 1864-75.

5. Rutgen M, Seidel EM, Silani G, Riecansky I,
Hummer A, Windischberger C, et al. Placebo
analgesia and its opioidergic regulation suggest that
empathy for pain is grounded in self pain. Proc Natl
Acad Sci USA 2015; 112(41): E5638-E46.

6. ZakiJ, Wager TD, Singer T, Keysers C, Gazzola V.
The anatomy of suffering: Understanding the
relationship between nociceptive and empathic
pain. Trends Cogn Sci 2016; 20(4): 249-59.

7. Rodrigues SM, Saslow LR, Garcia N, John OP,
Keltner D. Oxytocin receptor genetic variation
relates to empathy and stress reactivity in humans.
Proc Natl Acad Sci USA 2009; 106(50): 21437-41.

8. Nazeri M, Nezhadi A, Shabani M. Role of Opioid
system in empathy-like behaviours in rats. Addict
Health 2019; 11(4): 216-22.

9. Rutgen M, Seidel EM, Riecansky I, Lamm C.
Reduction of empathy for pain by placebo analgesia
suggests functional equivalence of empathy and
first-hand emotion experience. J Neurosci 2015;
35(23): 8938-47.

10. Kreek MJ, Levran O, Reed B, Schlussman SD,
Zhou Y, Butelman ER. Opiate addiction and
cocaine addiction: underlying molecular
neurobiology and genetics. J Clin Invest 2012;
122(10): 3387-93.

11. Gould TJ. Addiction and cognition. Addict Sci Clin

256

http://ahj.kmu.ac.ir,

Nazeri-Rezaabad et al.

of Medical Sciences for providing the funding to
conduct this research. This study was conducted
as the scientific project in place for military
service of the first author

Authors’ Contribution

First and corresponding author contributed to all
the procedures. Other authors contributed to the
collection of data, data analysis and manuscript
preparation.

Pract 2010; 5(2): 4-14.

12.Verdejo-Garcia A. Social cognition in cocaine
addiction. Proc Natl Acad Sci USA 2014; 111(7):
2406-7.

13.Kroll SL, Nikolic E, Bieri F, Soyka M,
Baumgartner MR, Quednow BB. Cognitive and
socio-cognitive functioning of chronic non-medical
prescription opioid users. Psychopharmacology
(Berl) 2018; 235(12): 3451-64.

14. Vassileva J, Petkova P, Georgiev S, Martin EM,
Tersiyski R, Raycheva M, et al. Impaired decision-
making in psychopathic heroin addicts. Drug
Alcohol Depend 2007; 86(2-3): 287-9.

15. Navabi N, Nazeri M. The possible role of dental
plague as extra-gastric reservoir of Helicobacter
pylori in gastric re-infection: A science-metric study.
J Oral Health Oral Epidemiol 2019; 8(1): 1-8.

16.van der Kam EL, Vry JD, Schiene K, Tzschentke
TM. Differential effects of morphine on the
affective and the sensory component of
carrageenan-induced nociception in the rat. Pain
2008; 136(3): 373-9.

17. Darvishzadeh-Mahani  F, Esmaeili-Mahani S,
Komeili G, Sheibani V, Zare L. Ginger (Zingiber
officinale Roscoe) prevents the development of
morphine analgesic tolerance and physical
dependence in rats. J Ethnopharmacol 2012;
141(3): 901-7.

18. Nazeri M, Zarei MR, Pourzare AR, Ghahreh-Chahi
HR, Abareghi F, Shabani M. Evidence of altered
trigeminal nociception in an animal model of
fibromyalgia. Pain Med 2018; 19(2): 328-35.

19. Thompson AC, Feeney C, Kristal MB. Amniotic-
fluid ingestion enhances central delta-opioid-
induced hypoalgesia in rats in the cold-water tail-
flick assay in a repeated-measures design. Brain
Res 2018; 1697: 53-8.

20. Singer T, Seymour B, O'Doherty J, Kaube H, Dolan
RJ, Frith CD. Empathy for pain involves the
affective but not sensory components of pain.
Science 2004; 303(5661): 1157-62.

Addict Health, Autumn 2020; Vol 12, No 4

06 October



Chronic Morphine Alters Affective Empathy Nazeri-Rezaabad et al.

21. Martinotti G, Di NM, Tedeschi D, Cundari S, Janiri amygdala of rats. Brain Res 2003; 959(2): 343-54.
L. Empathy ability is impaired in alcohol-dependent 24.Mousavi A, Askari N, Vaez-Mahdavi MR.
patients. Am J Addict 2009; 18(2): 157-61. Augmentation of morphine-conditioned place

22.Watanabe S. Social factors in conditioned place preference by food restriction is associated with
preference with morphine in mice. Pharmacol alterations in the oxytocin/oxytocin receptor in rat
Biochem Behav 2013; 103(3): 440-3. models. Am J Drug Alcohol Abuse 2020; 46(3):

23.Nandigama P, Borszcz GS. Affective analgesia 304-15.

following the administration of morphine into the

Addict Health, Autumn 2020; Vol 12, No 4 257

http://ahj.kmu.ac.ir, 06 October



DOI: http://dx.doi.org/10.22122/ahj.v12i4.280 Vesnu Publication

SN9e> Juo 5913830 SST 30 4 Cuwlud w1331 9929 b 839 ADL av> als
9390 (3030 393 b (59 08

‘f‘_g)éy’ doguaro ‘r‘s.:.'g”,".c Bolodoso sr)g.;JLo.'g JE-31 N élgTLé) S B0 dgrumo

Y0 615 51 i g 900y loludldotize

g3 Ao

US>
o Sleaml alaly Slas iy Sldllas 0gd o axsbis Koo glaludl 0d Sl g5lasl 5 SThol bl e 45 (50,300 tdodlo
Ol 5 (dyg0 oo 2928 58l b)) jskite 4 polo hmgly ablige lapludl o (60,008 jo ST L ol Slitis 5 (b )50 4 Sliel
A plil (65,000 lga> Jow j0 0,0 able 5 ow

(Dlge e 09,5 ,8) i (35,5 (2ligo (sloog,S 0 Dllg> .28 )5 )18 colitul 3,50 axlllas cnl ;5 anle dus jlins ol35 35 slacs, g,
259y A Do a4 Soaalie Sllg> s 5 Sl Seanlin ploie 4 (6,505 5 00riS 75, Ol lye 4 Sllga 5l (S a5l
Sygo ar 200 B Glloyd s e Be et 3y 50 00,5 8l 0,5 elS 5 p S e Vo o b Slem ) Syse 4 Gudyse b g0 3,
Seslanal b plhlasl as gla)ls, w85 18 Sosalin gly> LS udd 31 g 0l 55 eariS &) Olee> b &S 4 Gen )
0995) 5l comizen (285 (18 w0550 TaAIITlICK (5031 5 Elo cody aliwg a5 050 > .0 ob;,l Open field ¢ Plus maze slagyge;]

b ooliiul 3,0 bl 4 bl caa by Sl Sl

Sz b aiols ylid pdles 008l 10 09,5 b dnlie (o 1) (6,568 Ol sl mlaw (iog 00,5 bl yo (418,50 45 Foaaline Sllso adl
93 005 65y A5 ed Sy 50 5,0 oddline Cdluie 9,8 able s )8 )8, slaws o gl 3,0 Joos ailinl als

5o 933 (om 5 (Eble oty Bk 5l 69,008 i 4 e o Slitie @ Slel 5 (b i9e (e 292 16 5 A

oy £oyudyse 4y olel 0,0 STl 465,000 1 5alS" 5519

U 3,5 ible de B 3T o155 whlllaolies cond 59 dagane (65395 siolotomme o elle dn o Jlon gne SLILS, (1L 1gla ]

(F) WO codlo g slel dlome omdyg0 (030 32925 b (6330 Jlg e )3 153,50 (S e 4 Camlus G151 D929
YOV-A

VWAADNY 1 h ey e, ARSUAREEISEY CB1

Il el T (K3 pole olStls colasl pole Sl 55 50 -
Il el o1 (S5 pole olStils og 3 i 55 0 Y
Ol ol ol (S5 pole olSiily o (S5 ld 0uSLiily 4o (sba s jlows 05,5 =Y
Il oo oS (St pole oISls (533l55 Lo lisyg 0 Singy i obas] pole lados 550 —F
Il el T (S pole olSils sl pole S 55 50 $5315 55T 2 ) goms Dnr g8
Email: nezhadiiakram@gmail.com

258 Addict Health, Autumn 2020; Vol 12, No 4

http://ahj.kmu.ac.ir, 06 October


http://dx.doi.org/10.22122/ahj.v12i4.280
https://orcid.org/0000-0002-6855-4902
https://orcid.org/0000-0002-3821-9441

