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in invasive procedures on interpretation of
experimental data

Potencjalny wptyw ustawowego obowigzku stosowania
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Summary

Application of opioids as an analgesic drug is a common practice in the prevention of pain
in patients and experimental animals in highly invasive procedures. Very recently, new legal
regulations were implemented that broaden the application of analgesics in procedures where
pain relievers have not been previously obligatory. However, in light of hitherto studies, the
application of opioids has adverse effects on the condition of animals in experiments. Harmful
effects of opioids include: lower intake of water and food, weight loss, increased mortality,
susceptibility to infection by experimental pathogens and chemicals inducing pathological
changes. The above listed actions, induced by opioids, may significantly affect interpretation of
experimental data. The aim of this article is to review selected studies in animal models, mainly
on the application of morphine and buprenorphine, including the mechanism of opioid action.
Alternative methods of analgesia, involving other types of pain relievers, such as non-steroid
anti-inflammatory drugs, are also described. Since opioids significantly affect the values of
investigated parameters, some experimental procedures should be probably modified in order
to lower the detrimental effects of this class of pain relievers. In consequence, new protocols
would probably consider the application of lower doses of compounds or pathogens required
for the induction of defined, experimentally induced disease states. A wider application of
analgesics, of a different mechanism of action than opioids, would also be an alternative.
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INTRODUCTION

Opioids are commonly used in the pre- and postope-
rative period of surgery as well as in terminal states
of some diseases. Their application is also required in
experimental procedures involving vertebrate animals.
Recently implemented law regulations (The European
Directive 2010/63/EU) recommend obligatory intro-
duction of pain relievers in a broad spectrum of expe-
rimental models. Nevertheless, the upper limits of pain,
established in this act, may be still a matter of debate
[8] and dosages of sedative agents are not decisively
determined [26]. More importantly, the use of opioids
in animal experimental protocols has profound effects
on the course of immunological processes and, conse-
quently, on the interpretation of experimental data
[21,46,48]. The aim of this article is to review hitherto
reports regarding the effects of opioid application on
experimental data and the patient’s follow up in clinical
practice, mechanism of opioid action and possible use of
alternative pain relievers.

EXPERIMENTAL MODELS INVOLVING INFECTION WITH PATHOGENS

Effects of opioids on the susceptibility of mice to various
strains of bacteria, their products, viruses and para-
sites were investigated in a variety of models. BALB/c
mice, treated with d- galactosamine and infected with
lipopolysaccharide (LPS), undergo a rapid death due
to septic shock [27], which can be prevented by naltre-
xone, the opioid receptor antagonist. The protective
effect was reversed by the administration of morphine.
However, naltrexone was not effective when mice were
infected with staphylococcal enterotoxin B (SEB) or
with agonistic anti-Fas antibody. The protective effect
of naltrexone was associated with an indirect inhibi-
tion of TNF-alpha induced by LPS, but not by SEB. Ano-
ther interesting study showed differential effects of
morphine on the survival of BALB/c mice infected with
Escherichia coli, Shigella flexneri, Listeria monocytogenes, Sal-
monella enteritidis and Yersinia enterocolitica [3] Morphine
increased the susceptibility of mice to S. enteritidis and
L. monocytogenes, but not to other bacteria strains. This
effect was particularly strong in the case of L. monocy-
togenes, resulting in 100% mortality, whereas all control
mice survived. A study applying Salmonella enterica and
p-opiod receptor knockout mice demonstrated that the
protective action of naltrexone is definitively depen-
dent on its interaction with p-opioid receptor [11]. In
turn, the studies on Streptococcus pneumoniae infection
provided some insight into the mechanism of the detri-
mental action of morphine [55,56]. The authors showed
that chronic treatment of mice with morphine delayed
neutrophil recruitment into lungs and decreased the
levels of proinflammatory cytokines and galectin-3 in
the bronchoalveolar lavage fluids and lung tissue [55]. In
addition, morphine reduced macrophage inflammatory
protein 2 (MIP-2) release by alveolar macrophages sti-
mulated with Streptococcus pneumoniae and NF-kappa
B-dependent gene transcription in these cells [56]. The

bacterial uptake and killing was also decreased. Mice,
inoculated intestinally with Pseudomonas aeruginosa and
implanted with a morphine pellet for slow opioid release
[5], displayed suppression of intestinal mucus, disrup-
ted intestinal epithelium and enhanced mortality. Inte-
restingly, morphine can also transform P. aeruginosa to
amore virulent phenotype upon direct in vitro exposure.

The disruption of the intestinal barrier structure by
morphine leads to bacterial translocation to mesen-
teric lymph nodes [43]. In this phenomenon toll-like
receptors (TLR) play a role, since the effect of morphine
is significantly reduced in TLR 2 and TLR 4 knockout
mice. The damaging effects of morphine on gut bar-
rier were also associated with the alteration of intesti-
nal microflora by the selective growth of Gram-positive
pathogenic strains and a decrease in bile-deconjugating
strains [7]. Activation of TLR 2 by Gram-positive bacte-
ria in a polymicrobial sepsis model was associated with
sustained up-regulation of IL-17A and IL-6 [42]. Never-
theless, not all investigations described the detrimental
effects of opioids in experimental bacterial infections. In
a model of polymicrobial sepsis, induced by cecal liga-
tion and puncture [29] using tramadol and buprenor-
phine, no differences in mortality rate between control
and opioid-treated mice were registered. One exception
was the group treated with a high dose of tramadol,
which showed more later deaths than in the group tre-
ated with buprenorphine.

Harmful effects of morphine treatment were also obse-
rved upon infection with parasites and viruses. Repeated
subcutaneous administration of morphine caused 86%
mortality of mice infected with avirulent strain of Toxo-
plasma gondii versus 0% in control mice [14]. The effect of
neutralizing endogenous opioids by naloxone, an opioid
receptor antagonist, on the induction of acquired immu-
nity in herpes simplex virus infected mice was also stu-
died [32]. It was revealed that lymphocyte proliferation,
interferon gamma production and delayed type hyper-
sensitivity reaction were higher in the naloxone-treated
group. However, levels of the antiviral antibodies were
similar in naloxone-treated and control groups.

SURGICAL PROCEDURES AND TRANSPLANTATION

The effects of recombinant rat f-endorphin (B-EP) and
morphine were tested in a rat model of bone cancer pain
[18]. The compounds had a good analgesic effect and
B-EP, but not morphine, increased body weight. In terms
of immune parameters B-EP increased T cell prolifera-
tion, relative quantities of T-cell subsets and NK (natural
killer) cytotoxicity, but had no effect on T cell secretion.
In contrast, morphine diminished T cell proliferation
and the level of T cell subsets. In a model of induced
cerebral ischemia in mice buprenorphine and meloxi-
cam (a prostaglandin synthesis inhibitor) were investi-
gated [31]. Such a common side-effect of buprenorphine
as decreased food consumption occurred after surgery,
but was transient. Buprenorphine did not change the
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infarction volume in comparison with that of the con-
trol mice. However, treatment with meloxicam demon-
strated beneficial effects by a significant reduction of
infarct volume. To investigate postoperative analgesics
in mice like buprenorphine and flunixin meglumine,
radiotelemetry transmitters were surgically implanted
[25]. Several activities associated with behavior and food
consumption were monitored. Food consumption and
body weight were significantly reduced in mice treated
with three but not one dose of buprenorphine. The acti-
vity of mice was significantly lower in the first 6 h after
surgery in the control group as compared to mice with
analgesia. In another model of surgery a comparison was
conducted between the effects of buprenorphine and
karprofen, a non steroid anti-inflammatory drug, and
a combination of these drugs [1]. The study monitored
food and water intake, body weight, locomotion activity
and pain index. Mice treated with buprenorphine sho-
wed the highest pain index score in comparison to mice
not subjected to surgery. The studied parameter values
did not allow us to conclude that all applied combina-
tions of the drugs improved recovery from surgery, as
compared to control mice.

The effects of preoperative opioid use were evaluated
in several analyses in patients undergoing organ trans-
plantation. In kidney transplant recipients [38,39], high
level prescription use before transplantation was clearly
associated with an increased risk of mortality and graft
loss. The association between opioid use and hospital
readmission was analyzed in the case of liver transplan-
tation patients attending a single medical center [52].
The authors found a significantly higher risk of readmis-
sion at 30 days and a non-significantly elevated risk at
one year after transplantation. In another meta-analy-
sis an association between pretransplant opioid use and
graft survival over five years also revealed an increased
mortality and graft failure [51] of opioid users.

Very recently (unpublished) we performed alogeneic
skin transplants between BALB/c and C57BL/6 mice
using for the first time buprenorphine, as required by
the local ethics committee. The results indicated that
the mean graft survival time in the control mice was
significantly shorter, as compared to our previous expe-
riment when no analgesia was applied [45].

EFFECTS OF OPIOIDS IN MODELS OF CENTRAL NERVOUS SYSTEM AND
BOWEL INFLAMMATION

The models of experimentally induced neurodegene-
ration revealed sometimes opposite effects of endoge-
nous and exogenously administered opioids on severity
of neuropathology. Mice were pretreated with selec-
tive kappa opioid receptor antagonists and given pilo-
carpine to induce brain damage. It was revealed that
the integrity of hippocampal neurons was protected in
mice receiving the receptor agonists [49]. In addition,
the experimental autoimmune encephalomyelitis (EAE)
mouse model [36] revealed an advantageous role of

both endogenous and exogenously administered opioid
growth factor in diminishing excessive proliferation of
T and B lymphocytes in the spleen and inguinal lymph
nodes. Nevertheless, treatment with morphine led to
neuroinflammation [15].

It is also evident from the literature on colon inflamma-
tion that different effects are observed between mouse
models where endogenous opioids are stimulated by p
receptor agonists and those derived from clinical stu-
dies. Opioid receptors agonists reduced colon inflamma-
tion in chemically-induced colitis, and receptor deficient
mice were highly susceptible to colon inflammation [47].
A role for Th1 CD4+ and Th17 cells in dextran sulfate
(DS) induced colitis was also shown [10]. The cells accu-
mulated in the inflamed gut and expressed a high level
of endogenous opioids, thus reducing abdominal pain.
Our recent experiment in the model of dextran sulfate
induced colitis and use of buprenorphine aroused some
concern (unpublished), since 4% DS, causing very low
mortality in our previous experiments without analge-
sia, led to a very high mortality of mice.

Nevertheless, the detrimental effects of opioid use in
the alleviation of bowel pain in patients constitute
a serious problem [13,34]. To overcome the problem new
 opioid antagonists were developed which selectively
block u opioid receptors in the enteric nervous system
without penetrating blood-brain barrier. In an alterna-
tive approach k opioid agonists function by modulating
nociception in the enteric nervous system without affec-
ting central nervous system side effects.

EFFECTS ON IMMUNE RESPONSE, OTHER EXPERIMENTAL MODELS, AND
MECHANISM OF OPIOID ACTION

The effects on humoral and cellular immune response
of several opioids (morphine, fentanyl and metha-
done) were differential (stimulation or suppression)
and also depended on the time of their administration
after immunization [21]. Adverse effects of morphine
were found in a model of anaphylactic shock when the
opioid was injected intravenously or intracerebroven-
tricularly. These effects were reversed by naloxone [2].
A study, involving human peripheral blood mononuc-
lear cells, Jurkat cell line and splenocytes from wild and
p-opioid receptor knockout mice, demonstrated that
morphine directs the immune response to Th2 prolife
[53]. More importantly, buprenorphine, predominantly
used for analgesia in animal experimental protocols, was
shown to suppress in rats splenic natural killer cell acti-
vity, lymphocyte proliferation and IFN gamma produc-
tion [12]. Interestingly, morphine does not exclusively
act via classic opioid receptors [57]. The authors demon-
strated that morphine can induce neuroinflammation
through TLR 2, a classical innate immune receptor, by
binding to myeloid differentiation protein 2. The effects
of morphine, buprenorphine and fenantyl, incubated
with canine blood, were also investigated with a focus
on phagocytic function of neutrophils, respiratory burst,
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cytokine production and apoptosis [17]. The respiratory
burst was best stimulated by morphine and all opioids
stimulated the production of TNF alpha, IL-6 and IL-10
induced by LPS or lipoteichoic acid. The opioids also
inhibited the apoptosis of neutrophils. It can be, there-
fore, concluded that opioids enhanced the inflammatory
reaction to bacterial products. In the case anti- Fas-
-induced hepatitis in mice [33] application of naltre-
xone reduced liver damage and increased the survival
rate. Nevertheless, morphine had no effect on Fas-indu-
ced apoptosis in cultured hepatocytes and naltrexone
did not modify Fas mRNA expression in the liver. Altho-
ugh neutrophils infiltrated injured livers, the enhan-
cing, apoptotic effect of morphine was preserved even
in granulocyte -depleted mice. The authors concluded
that in the protective effect of naltrexone a peripheral
mechanism operates which does not involve down regu-
lation of Fas mRNA in hepatocytes. Interestingly, dele-
terious effects of morphine in a breast tumor model in
mice, such as increase of tumor weight, metastasis and
shortened survival, could be prevented by application
of celecoxib, a cyclooxygenase 2 inhibitor [20]. Impor-
tantly, the actions of celecoxib did not affect analgesia
in this model.

Co-administration of methamphetamine and mor-
phine results in increased toxicity [24]. The toxicity
could be significantly attenuated by the administra-
tion of N-methyl-D-aspartate receptor (NMDA) antago-
nists [44]. Interestingly, the lethal effects of combined
drug administration could be prevented by immediate
cooling of mice. The authors speculated that a reduction
in free radical release may play a role in methamphe-
tamine-induced neurotoxicity. In fact, the prooxidant
properties of methamphetamine were demonstrated
in another study [30]. Interestingly, in a mouse tumor
model [54], no major differences between the bupre-
norphine-treated and control group, in terms of animal
discomfort, were found.

ALTERNATIVE METHODS OF ANALGESIA

Due to adverse or modifying effects of opioids on the
studied parameters, analgesics of different mechanism
of action, mainly non steroid anti-inflammatory com-
pounds, may be an alternative in animal experiments.
When buprenorphine was applied in parallel with indo-
methacin in evaluation of postsurgical recovery in
a model of radiotelemetry implantation, a treatment
with indomethacin proved to be more effective regar-
ding levels of mouse activity during their application is
more beneficial in comparison to such drugs as light-
-on periods [9]. In a similar study, ibuprofen-treated
mice, but not those treated with buprenorphine, sho-
wed significantly higher locomotion activity after sur-
gery and better water intake than the control mice [28].
The adverse symptoms observed after buprenorphine
treatment included hyperreactivity, hyperthermia and
reduced water and food intake. Buprenorphine was also
compared with meloxicam, a non-steroid anti-inflam-

matory drug from the oxicam group of compounds, in
a model of middle cerebral artery occlusion in C57BL/6
mice [31], where the infarct volume was measured as
a main consequence of surgery. There was no difference
in the infarct volume between saline and buprenor-
phine-treated mice, but meloxicam significantly redu-
ced infarct volume.

It has to be, however, stressed that significant differen-
ces occur in the efficacy of non-steroid analgesic drugs
depending on their ability to suppress appropriate iso-
forms of cyclooxygenase. It appears that only celecoxib
is a specific COX-2 inhibitor [16], whereas karprophen
[22] and meloxican [19] belong to preferential COX-2
inhibitors (300-500 stronger than COX-1 inhibitors),
which is associated with less ulcerogenic and nephroto-
xic actions. Thus, their application is more beneficial in
comparison to such drugs as flunixin [50], since flunixin
and indomethacin inhibit both forms of cyclooxygenase.
Moreover, the analgesic potential of flunixin and karpro-
phen is comparable to that of peptidine (agonist of both
opioid receptors) [37], but the analgesic efficacy of melo-
xicam is rather moderate.

Two analgesic drugs, tramadol and gabapentin, alone
or in combination, were investigated in tail-flick and
hot plate tests [4]. It appeared that the drugs were most
effective when used in combination, whereas tramadol
alone showed a better antinoceptive effect than gaba-
pentin. Tramadol is presently also classified as an opioid
receptor agonist, although its affinity to these receptors
is much lower than that of morphine [40]. On the other
hand, it inhibits the neuronal uptake of serotonin and
norepinephrine, thus providing an explanation for its
analgesic property without exerting depressive action
on the respiratory system, induction of tolerance or
drug dependence. Gabapentin belongs to a group of anti-
convulsant drugs, providing relief in neuropathic pain
[35]. The drug does not abolish acute pain. The mecha-
nism of its action is probably associated with lowering
calcium influx into calcium channels of alpha2-delta
type and inhibition of activity of substance P, glutamates
and norepinerphine in peripheral nervous system [23].

Anti-inflammatory and analgesic properties were also
found in plant extracts of Holoptelea integrifolia and Argy-
reia speciosa by applying tail-flick and acetic acid-indu-
ced writhing methods [36].

CoNcLusions

The universal use of analgesic opioids in laboratory
practice and clinic has revealed their modifying effects
on the course of inflammatory processes and aiding in
recovering the ability of the immune system to function.
Application of opioids in animal experimental models,
for which no analgesia has been not previously requ-
ired, may lead to a false interpretation of experimen-
tal data and also to the increased mortality of animals.
Hence, there is a need to elaborate new experimental
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protocols, for which no analgesic compounds have been
hitherto recommended. Such scientific projects should
have particular appreciation and consent from local
ethics committees and involve parallel experimental
groups of animals receiving and not receiving analgesia.
In consequence, new protocols would probably apply
lower doses of compounds or pathogens required for
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processes should also be thoroughly investigated.
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