
©
 2

02
1 

by
 A

ct
a 

N
eu

ro
bi

ol
og

ia
e 

Ex
pe

ri
m

en
ta

lis

Synergistic analgesic effect of morphine and tramadol 
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Morphine and tramadol are the opioid analgesic drugs acting via activation of μ‑opioid receptors. It is important to understand 
which mechanism (synergistic or additive anti‑nociceptive activity) induced potent anti‑nociceptive effect by co‑administration of 
morphine and tramadol. Identification of new strategies that can potentiate analgesic effects of opioids will be good therapeutic 
approaches for pain relief. To this aim, male mice were cannulated in the left ventricle by a stereotaxic instrument. A  tail‑flick 
test was used to record the pain threshold. The results revealed that intracerebroventricularly injection of morphine induced 
an anti‑nociceptive effect in non‑sensitized and morphine‑sensitized mice. We found that infusion of tramadol produced 
an anti‑nociceptive response in non‑sensitized mice, whereas tramadol in doses of 0.5 and 1 µg/mouse induced analgesia 
in morphine‑sensitized mice. Co‑injection of a  non‑effective dose of tramadol or morphine (0.25 µg/mouse) with different 
doses of morphine or tramadol (0.25, 0.5, and 1 µg/mouse) respectively potentiated the analgesic effect of the previous drug. 
An isobolographic analysis of data was performed, indicating a  synergistic interaction between morphine and tramadol in 
non‑sensitized and morphine‑sensitized mice. Our data indicated that both morphine and tramadol elicit more anti‑nociceptive 
response in morphine sensitized mice; there is a synergistic effect between morphine and tramadol upon induction of analgesic 
effect in non‑sensitized and morphine‑sensitized mice.
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INTRODUCTION

Pain is one of the outputs of the nociceptive mech‑
anism, which is of major importance to survive (Emam 
et al., 2016). Opioid drugs are used worldwide for the 
treatment of moderate‑to‑severe pain behavior. They 
induce analgesia through the activation of µ, δ, or κ 
opioid receptors (Chefer and Shippenberg, 2009; Ochiai 
et al., 2016; Brolin et al., 2018). Nevertheless, the use 

of opioid drugs has been limited due to their nega‑
tive effects for example abuse liability (Alsalem et al., 
2019). Combining various analgesic drugs for increas‑
ing drug efficacy is a  suggested strategy, proposed to 
obtain optimal therapeutic influences. These strate‑
gies could decrease the drug side effects concomitant 
with improving their efficacy (Zeraati et al., 2014). In 
this regard, concurrent application of anti‑nocicep‑
tive drugs can lead to achieving additive or synergistic 
effects. Particularly using lower dosages of drugs can 
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lead to lower the risk of negative side effects (Zeraati et 
al., 2014; Alsalem et al., 2019). Morphine and tramadol 
elicits analgesia via various mechanisms of action. Mor‑
phine activates µ‑opioid receptors without the need for 
metabolic change to an active metabolite. The non‑opi‑
oid mechanisms of tramadol induce by inhibition of 
noradrenaline and serotonin uptake. These different 
mechanisms produce a  potent anti‑nociceptive effect 
in the experimental model and should also provide re‑
liable pain management in the clinical situation (Kogel 
et al., 2014). 

It has been revealed that repeated application of 
morphine followed by a  period of drug‑free treat‑
ment can produce sensitization and can cause the 
long‑lasting augmentation of morphine behavioral 
effects (Zarrindast and Rezayof, 2004). The circuitry 
involved in sensitization is complex since sensitiza‑
tion includes a  cascade of events involving various 
neurotransmitter systems and some brain areas (Kad‑
ivar et al., 2014). 

Likely approaches to decline the side effects of 
opioid treatments consist of the use of drugs combi‑
nation that induces analgesia by diverse mechanisms 
of action and the use of lowering dose of each drug 
allows decreasing toxicity (Capuano et al., 2011). This 
strategy has been used for treating numerous illness‑
es for example cancer and cardiovascular illnesses, 
and developing evidence suggest the validity of this 
strategy for pain treatment (Smith, 2008; Thorn et 
al., 2011). Based on this respect, this research was de‑
signed to study the possible additive or synergistic 
anti‑nociceptive effect of morphine and tramadol by 
using tail‑flick in non‑sensitized and morphine‑sen‑
sitized mice. 

Animals 

Male albino NMRI mice (obtained from the ani‑
mal house of University of Tehran, Tehran) weigh‑
ing 22‑30  g were used in the experiments. The mice 
were kept under controlled laboratory conditions 
in a  room with a  12:12  h light/dark cycle (lights on 
7:00 h) and a temperature of 22 ± 2°C. Food and water 
were accessible ad libitum up to the time of testing. 
The mice were allowed to habituate to the laboratory 
conditions for one week previous to surgery. 288 male 
mice randomly divided in 36 groups and each group 
included of 8 mice. Mice were handled about 5  min 
per day for one  week previous to behavioral testing. 
The experiments were carried out between 8:00  a.m. 
and 1:00 p.m. All procedures for the treatment of mice 
were confirmed by the Research and Ethics Committee 
of the University of Tehran and were performed under 

the National Institutes of Health Guide for Care and 
Use of Laboratory Animals.

Drugs

The drugs used in the experiments were mor‑
phine sulfate (Temad, Tehran, Iran), and tramadol 
hydrochloride sulfate (Temad, Tehran, Iran). All com‑
pounds were dissolved in physiological saline (0.9%) 
immediately before their use. Morphine was injected 
subcutaneously (s.c.) and intracerebroventricularly 
(i.c.v.) but tramadol was administered only i.c.v. Con‑
trol mice received saline. For the induction of mor‑
phine sensitivity, it was  s.c. administered (1  ml/kg). 
In order to i.c.v. microinjections, drugs were injected 
into the lateral ventricle using a  2  µl Hamilton mi‑
cro‑syringe (1 µl/mouse). The dose of each drug was 
selected upon our previous studies (Zarrindast and 
Rezayof, 2004; Zarrindast et al., 2008; Farahmandfar 
et al., 2011; Niknamfar et al., 2019).

Surgery and microinjection procedures 

For the central microinjection of drugs, the mice 
were implanted with a 22‑gauge stainless steel guide 
cannula aimed at the lateral ventricle. Implantation 
was performed under ketamine‑xylazine (100 mg/kg 
ketamine‑5 mg/kg xylazine mixture, intraperitoneal‑
ly) anesthesia, and was done at least 5‑7 days before 
behavioral testing. The coordinates were used 0.9 mm 
posterior to the bregma, 1.5  mm lateral to the mid‑
line, and 2 mm below the top of the skull (Paxinos and 
Franklin, 2001). The cannula was fixed to the skull us‑
ing one screw and dental acrylic. A stylet was insert‑
ed into the cannula to preserve its patent previous 
to microinjections. Drug microinjections were carried 
out by a 27‑gauge stainless steel needle (1 mm longer 
than the guide cannula) attached to a  Hamilton mi‑
cro‑syringe through polyethylene tubing. The mice 
were quietly held by hand; microinjections lasted for 
60 s and the cannula was left in place for an extra 60 s 
to evade the backflow of the solution. Previous to the 
experiments, the mice had at least 5  days recovery 
period.

Tail‑flick test 

A tail‑flick apparatus was used for studying the no‑
ciceptive reaction to thermal stimulation (M.T9500, 
Borj Sanat Company, Tehran, Iran). The reaction time 
between the beginning of the heat stimulus and the 
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removal of the tail from the heat source was record‑
ed through a sensor as the tail‑flick latency. Because 
the tail‑flick latency time (s) normally depends on the 
proximal‑distal location of heating on the tail, the tail 
was marked with a line in 1 cm increments beginning 
at the tip, for a total of 5 increments. Each mouse was 
quietly wrapped in a  soft towel and the dorsal sur‑
face of the mouse tail from its distal end was instant‑
ly placed in the apparatus every 15 min (for 60 min) 
after the drug/saline infusions. The heat source and 
a  timer were activated simultaneously via a  pedal. 
Both were finished automatically through a tail move‑
ment which exposed a photocell below the tail and/or 
via the experimenter at the end of a 10 s cut‑off time. 
It is important to consider that this cut‑off time was 
set to avoid skin damage. To assess the sensitivity of 
each mouse to nociceptive stimulus, we measured the 
animal’s tail‑flick latency prior to drug injection as 
a baseline pain threshold. The mice were tested twice 
in a 15 min interval and the mean of this was calcu‑
lated as baseline latency. Light intensity was used 
to find baseline tail‑flick latency of 2–4 s. All results 
were normalized for pre‑administration baseline. In‑
dividual tail withdrawal latencies were converted to 
the percentage of maximum possible effect (%MPE) 
by the following formula: %MPE=[(test latency‑base‑
line latency)/ (cut‑off latency‑baseline latency)] × 
100. There were no significant differences in baseline 
tail‑flick latencies between the experimental groups 
previous to the administration of the drugs and/or 
saline. For all data, the area under the curve (AUC) of 
%MPE vs. time was evaluated from 0 to 60 min using 
the trapezoidal rule to definite the overall magnitude 
and duration of effect for the tail‑flick test.

Experimental design

Experiment 1

In this experiment, the effect of morphine adminis‑
tration on tail‑flick latency was measured in non‑sen‑
sitized and morphine‑sensitized mice. Four groups of 
mice were i.c.v. injected with saline or different doses 
of morphine (0.25, 0.5, and 1 µg/mouse). The other 
four groups were sensitized by morphine. To induce 
sensitization to morphine, the mice received mor‑
phine (10, 15, and 20 mg/kg, s.c.) once daily for 3 days 
(days 1–3) in the colony room, followed by 5  days of 
no drug treatment (days 4–8). On day 9 (test day), 
these mice received morphine (5  mg/kg,  s.c.) 15  min 
before i.c.v. microinjection of saline or different doses 
of morphine (0.25, 0.5, and 1 µg/mouse). The tail‑flick 
latency of each mouse was tested on the tail‑flick ap‑

paratus. Table 1 explains the protocol and experimen‑
tal groups.

Experiment 2

This experiment examined the effect of tramadol 
administration on tail‑flick latency in non‑sensitized 
and morphine‑sensitized mice. Eight groups of mice 
were used. Four groups of animals were i.c.v. injected 
with saline or different doses of tramadol (0.25, 0.5, 
and 1 µg/mouse). The other four groups were sensi‑
tized by morphine as mentioned above. On the test day 
(day 9), morphine‑sensitized mice received morphine 
(5 mg/kg, s.c.) 15 min before i.c.v. infusion of saline or 
different doses of tramadol (0.25, 0.5, and 1 µg/mouse). 

Experiment 3

In this experiment, the effect of tramadol and 
morphine co‑administration on tail‑flick latency was 
assessed in non‑sensitized and morphine‑sensitized 
mice. Four groups of animals were microinjected with 
saline or different doses of tramadol (0.25, 0.5, and 1 µg/
mouse; i.c.v.) plus a single dose of morphine (0.25 µg/
mouse; i.c.v.). The other four groups which sensitized 
by morphine received morphine (5 mg/kg, s.c.) 15 min 
before i.c.v. co‑injection of saline or different doses of 
tramadol (0.25, 0.5, and 1 µg/mouse) plus a single dose 
of morphine (0.25 µg/mouse; i.c.v.).

Experiment 4

This experiment examined the effect of morphine 
and tramadol co‑injection on tail‑flick latency in 
non‑sensitized and morphine‑sensitized mice. Four 
groups of mice were microinjected with saline or dif‑
ferent doses of morphine (0.25, 0.5, and 1 µg/mouse; 
i.c.v.) plus a  single dose of tramadol (0.25 µg/mouse; 
i.c.v.). The other four groups which sensitized by mor‑
phine received morphine (5 mg/kg, s.c.) 15 min before 
i.c.v. co‑administration of saline or different doses of 
morphine (0.25, 0.5, and 1 µg/mouse) plus a single dose 
of tramadol (0.25 µg/mouse; i.c.v.).

Experiment 5

To confirm whether morphine and tramadol co‑ad‑
ministration would exert additive or synergistic effects 
on their induced analgesic effect, the isobolograph‑
ic analysis was performed to compare the theoretical 
and experimental ED50 of the drugs when injected to‑
gether. According to the dose‑response curve of mor‑
phine and tramadol, animals of non‑sensitized and 
morphine‑sensitized mice received administration of 
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morphine 0.5 µg/mouse + tramadol 0.5 µg/mouse, mor‑
phine 0.25 µg/mouse + tramadol 0.25 µg/mouse and 
morphine 0.125 µg/mouse + tramadol 0.125 µg/mouse 
(Nasehi et al., 2016; 2017).

Histology 

The histological results were evaluated on repre‑
sentative sections taken from the mice brain atlas of 
Paxinos and Franklin (2001). Cannulae were implanted 
into the left ventricle of a  total of 310 mice, however 
only the data from 288 mice with correct cannulae im‑
plants were used in statistical analyses.

Data analysis 

The obtained data are indicated as a  mean of the 
percentage of maximal possible effect (% MPE) or ar‑
eas under the time‑course curves (AUC) ± standard er‑
ror of the mean (S.E.M.). The mean MPE% or AUC in all 
groups were analyzed by one‑way and two‑way ANOVA 
followed by Tukey post hoc test to identify differences 
between the treatments. P value was lower than 0.05 
revealed statistically significant.

Moreover, isobolographic analysis was performed to 
detect the interactions following the injection of the 
two drugs (Nasehi et al., 2016; 2017). The ED50 of each 
drug (0.5 µg/mouse for morphine, and 0.5 µg/mouse 

for tramadol) was analyzed by linear regression anal‑
ysis and a  combination of the two drugs was injected 
in a constant dose ratio upon the ED50 values. For drug 
combinations, the theoretic ED50 is morphine ED50/2 
+ tramadol ED50/2. Furthermore, experimental values 
of drug combinations from fixed ratio‑calculated were 
calculated by the regression analysis, after which the 
experimental ED50 value of the drug combinations was 
identified (%50 tail‑flick latency). The statistical sig‑
nificance of the difference among the theoretical ED50 
and experimental ED50 of the drug combinations was 
recognized by the one‑sample t‑test. When the experi‑
mental ED50 was significantly lower than the theoret‑
ical ED50 a  synergistic interaction between morphine 
and tramadol could be concluded, but there was not 
any difference among them showing additive interac‑
tion rather than the synergistic effect (Nasehi et al., 
2016; 2017). Differences with P<0.05 among the experi‑
mental groups at each point were displayed statistical‑
ly significant. 

RESULTS 

The effect of morphine microinjection 
in non‑sensitized and morphine‑sensitized 
mice on tail‑flick latency 

Fig.  1 indicated the effects of i.c.v. microinjection 
of morphine (0.25, 0.5, and 1 µg/mouse) in non‑sen‑

353Acta Neurobiol Exp 2021, 81: 350–361

Table 1. The table describes protocol and experimental groups.

Day of experiment Experimental design Fig. Drug injection (i.c.v) Effect on pain

1 Saline (1 ml/kg); non‑sensitized
Morphine (10 mg/kg, s.c.); morphine‑sensitized – – –

2 Saline (1 ml/kg); non‑sensitized
Morphine (15 mg/kg, s.c.); morphine‑sensitized – – –

3 Saline (1 ml/kg); non‑sensitized
Morphine (20 mg/kg, s.c.); morphine‑sensitized – – –

4–8 No drug treatment – – –

9 Saline (1 ml/kg); non‑sensitized
Morphine (5 mg/kg, s.c.); morphine‑sensitized 1 Morphine (0.25, 0.5 and 1 μg/mouse) Analgesic 

effect

2 Tramadol (0.25, 0.5 and 1 μg/mouse) Analgesic 
effect

3 Tramadol (0.25, 0.5 and 1 μg/mouse)  
+ morphine (0.25 μg/mouse)

Analgesic 
effect

4 Morphine (0.25, 0.5 and 1 μg/mouse)  
+ tramadol (0.25 μg/mouse)

Analgesic 
effect

5

Morphine (0.5 μg/mouse)  
+ tramadol (0.5 μg/mouse)
Morphine (0.25 μg/mouse)  
+ tramadol (0.25 μg/mouse)
Morphine (0.125 μg/mouse)  
+ tramadol (0.125 μg/mouse)

Synergistic 
effect on 
analgesia
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sitized and morphine‑sensitized mice on tail‑flick la‑
tencies. Two‑way ANOVA followed by Tukey’s test for 
repeated measures over time showed that morphine 
administration increased %MPEs and induced an‑
ti‑nociceptive response in non‑sensitized [time effect: 
F(3,84)=24.012, P<0.001; treatment effect: F(3,28)=5.403, 
P<0.01 and treatment × time interaction: F(9,84)=9.818, 
P<0.001; Fig. 1A (left panel)] and morphine‑sensitized 
[time effect: F(3,84)=29.75, P<0.001; treatment effect: 
F(3,28)=2.065, P<0.05 and treatment × time interaction: 
F(9,84)=4.385, P<0.01; Fig. 1A (right panel)] mice.

In addition, as shown in Fig. 1B, one‑way ANOVA fol‑
lowed by the Tukey’s post‑hoc test for normalized AUC 
values revealed that morphine (0.5 and 1 µg/mouse) 
increased the AUC of MPE% in non‑sensitized (F(3, 

28)=42.455, P<0.001; left panel) and morphine‑sensitized 
(F(3, 28)=82.203, P<0.001; right panel) mice, indicating an 
analgesic effect. Also, it was revealed that i.c.v. micro‑
injection of morphine 0.5 and 1 µg/mouse increased 
the anti‑nociceptive effect of morphine (5 mg/kg; s.c.) 
in morphine‑sensitized mice.

354 Acta Neurobiol Exp 2021, 81: 350–361

Fig. 1. The effect of morphine i.c.v. administration (0.25, 0.5, and 1 μg/mouse, s.c.) on tail‑flick latency in non‑sensitized and morphine‑sensitized 
mice. (A; left panel) The percentage of maximal possible effect (MPE%) of morphine in non‑sensitized mice at 15, 30, 45, and 60  min after 
administration. (A; right panel) The percentage of maximal possible effect (MPE%) of morphine in morphine‑sensitized mice at 15, 30, 45, and 
60 min after injection. Each symbol indicated the mean of MPE% ± S.E.M. n=8, all groups; **P<0.01 and ***P<0.001 as compared with saline 
control group. (B) The area under the curves (AUCs) calculated for %MPEs in a 60‑min period in the tail‑flick test (left panel for a non‑sensitized 
and right panel for morphine‑sensitized mice). Each symbol showed the mean of AUC ± S.E.M. n=8, all groups; ***P<0.001as compared with the 
saline control group. 
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The effect of tramadol infusion in non‑sensitized 
and morphine‑sensitized mice on tail‑flick latency 

The effect of i.c.v. injection of tramadol (0.25, 0.5, 
and 1 μg/mouse) in non‑sensitized and morphine‑sen‑
sitized mice on tail‑flick latency is shown in Fig. 2. 
Two‑way ANOVA for repeated measures over time 
revealed a  significant effects of time [F(3,84)=45.309, 
P<0.001], but not for the treatment [F(3,28)=0.949, P>0.05] 
and also treatment × time interaction [F(9,84)=0.200, 
P>0.05] in tramadol‑ vs. saline‑treated animals. As 
shown in Fig.  2A (right panel), two‑way ANOVA for 

repeated measures over time indicated a  significant 
effects of time [F(3,84)=97.002, P<0.001], but not for the 
treatment [F(3,28)=0.980, P>0.05] and also treatment × 
time interaction [F(9,84)=1.252, P>0.05] in morphine‑sen‑
sitized mice. Regarding the time intervals effect and 
tramadol effect, Tukey’s multiple comparisons indicat‑
ed that tramadol (1 µg/mouse) at the time intervals 
of 15 and 60 min after administration enhanced MPE% 
of non‑sensitized mice and tramadol (0.5 and 1 µg/
mouse) at the time interval of 15, 30, 45 and 60 min af‑
ter injection increased MPE% of morphine‑sensitized 
mice, suggesting an anti‑nociceptive effect. 

355Acta Neurobiol Exp 2021, 81: 350–361

Fig. 2. The effect of tramadol i.c.v. injection (0.25, 0.5, and 1 μg/mouse, s.c.) on tail‑flick latency in non‑sensitized and morphine‑sensitized mice. (A; left 
panel) The percentage of maximal possible effect (MPE%) of tramadol in non‑sensitized mice at 15, 30, 45, and 60 min after infusion. (A; right panel) 
The percentage of maximal possible effect (MPE%) of tramadol in morphine‑sensitized mice at 15, 30, 45, and 60 min after administration. Each symbol 
displayed the mean of MPE% ± S.E.M. n=8, all groups; *P<0.05, **P<0.01 and ***P<0.001 as compared with saline control group. (B) The area under the 
curves (AUCs) calculated for %MPEs in a 60‑min period in the tail‑flick test (left panel for a non‑sensitized and right panel for morphine‑sensitized mice). 
Each symbol presented the mean of AUC ± S.E.M. n=8, all groups; **P<0.01 and ***P<0.001as compared with saline control group. 
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Furthermore, one‑way ANOVA followed by Tukey’s 
post‑hoc analysis for normalized AUC of MPE% values 
exhibited that i.c.v. microinjection of the same dos‑
es of tramadol, 15 min after saline (1 ml/mouse; i.p.) 
in non‑sensitized mice (F(3,28)=6.965, P<0.01; Fig.  2B) 
and morphine (5 mg/kg, s.c.) in morphine‑sensitized 
mice (F(3,28)=43.386, P<0.001; Fig. 2B) increased AUC of 
MPE%. It was also found that 0.5 and 1  µg/mouse of 
tramadol enhanced the analgesic effect of morphine 
(5 mg/kg) in morphine‑sensitized mice.

The effect of  morphine microinjection on 
tramadol‑induced anti‑nociceptive effect 
in non‑sensitized and morphine‑sensitized 
mice on tail‑flick latency 

Fig. 3 showed the effects of i.c.v. microinjection of 
morphine (0.25 µg/mouse) on tramadol‑induced an‑
ti‑nociceptive response in non‑sensitized and mor‑
phine‑sensitized mice on tail‑flick latencies. Two‑way 
ANOVA followed by Tukey’s test for repeated mea‑

356 Acta Neurobiol Exp 2021, 81: 350–361

Fig.  3. The effect of i.c.v. co‑injection of tramadol and morphine in non‑sensitized and morphine‑sensitized mice. (A; left panel) showed the 
percentage of maximal possible effect (MPE%) during a 60‑min period after co‑injection of tramadol (0.25, 0.5, and 1 μg/mouse) and morphine 
(0.25 μg/mouse) in non‑sensitized mice. (A; right panel) exhibited the percentage of maximal possible effect (MPE%) during a  60‑min period 
afterward co‑administration of tramadol (0.25, 0.5, and 1 μg/mouse) and morphine (0.25 μg/mouse) in morphine‑sensitized mice. Each symbol 
represented the mean of MPE% ± S.E.M. as compared with the control group. n=8, all groups; **P<0.01 and ***P<0.001, compared with saline 
control group. (B) Each value indicated the area under the curve (AUC) of tramadol plus morphine response on tail‑flick latency during a 60‑min 
period (left panel for a non‑sensitized and right panel for morphine‑sensitized mice). n=8, all groups; **P<0.01 and ***P<0.001, compared with 
control group. 
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sures over time displayed a significant effects of time 
[F(3,84)=17.537, P<0.001], but not for the treatment 
[F(3,28)=1. 409, P>0.05] and also treatment × time inter‑
action [F(9,84)=0.452, P>0.05] in drug‑ vs. saline‑treated 
animals (Fig.  3A; left panel). Additionally, two‑way 
ANOVA for repeated measures over time indicated 
a  significant effects of time [F(3,84)=75.495, P<0.001], 
but not for the treatment [F(3,28)=1.095, P>0.05] and also 
treatment × time interaction [F(9,84)=0.423, P>0.05] in 
morphine‑sensitized mice (Fig.  3A; right panel). Ac‑
cording to the time intervals effect and drug effect, 
Tukey’s multiple comparisons indicated that co‑ad‑

ministration of tramadol (0.5 and 1 µg/mouse) plus 
morphine (0.25 µg/mouse) at the time intervals of 15, 
30, 45 and 60 min after administration enhanced MPE% 
of non‑sensitized mice and morphine‑sensitized mice.

In addition, one‑way ANOVA followed by Tukey’s 
post‑hoc analysis for normalized AUC of MPE% values 
revealed that i.c.v. co‑injection of the same doses of tra‑
madol and morphine, 15 min after saline (1 ml/mouse; 
i.p.) in non‑sensitized mice (F(3,28)=41.351, P<0.001; 
Fig. 3B) and morphine (5 mg/kg, s.c.) in morphine‑sen‑
sitized mice (F(3,28)=70.123, P<0.001; Fig.  3B) enhanced 
AUC of MPE%. 

357Acta Neurobiol Exp 2021, 81: 350–361

Fig.  4. The effect of i.c.v. co‑administration of morphine and tramadol in non‑sensitized and morphine‑sensitized mice. (A; left panel) displayed the 
percentage of maximal possible effect (MPE%) during 60‑min period after co‑administration of morphine (0.25, 0.5, and 1 μg/mouse) and tramadol 
(0.25 μg/mouse) in non‑sensitized mice. (A; right panel) indicated the percentage of maximal possible effect (MPE%) during 60‑min period afterward 
co‑injection of morphine (0.25, 0.5, and 1 μg/mouse) and tramadol (0.25 μg/mouse) in morphine‑sensitized mice. Each symbol presented the mean of 
MPE% ± S.E.M. as compared with control group. n=8, all groups; **P<0.01 and ***P<0.001, compared with saline control group. (B) Each value showed the 
area under the curve (AUC) of morphine plus tramadol response on tail flick latency during 60‑min period (left panel for non‑sensitized and right panel for 
morphine‑sensitized mice). n=8, all groups; **P<0.05, ** P<0.01 and ***P<0.001, compared with control group. 
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The effect of tramadol co‑infusion on 
morphine‑induced anti‑nociceptive effect 
in non‑sensitized and morphine‑sensitized mice 
on tail‑flick latency 

The effect of i.c.v. co‑injection of tramadol (0.25 µg/
mouse) on morphine‑produced anti‑nociceptive re‑
sponse in non‑sensitized and morphine‑sensitized 
mice on tail‑flick latencies is shown in Fig. 4. Two‑way 
ANOVA followed by Tukey’s post‑hoc test for repeated 
measures over time exhibited that co‑administration 
of morphine and tramadol increased %MPEs and pro‑
duced significantly anti‑nociceptive in non‑sensitized 
[time effect: F(3,84)=18.152, P<0.001; treatment effect: 
F(3,28)=18.529, P<0.001 and treatment × time interac‑
tion: F(9,84)=3.479, P<0.05; Fig. 4A (left panel)] and mor‑
phine‑sensitized [time effect: F(3,84)=16.845, P<0.001; 
treatment effect: F(3,28)=18.937, P<0.001 and treatment 
× time interaction: F(9,84)=5.295, P<0.01; Fig.  4A (right 
panel)] mice.

Also, one‑way ANOVA followed by Tukey’s post‑hoc 
analysis for normalized AUC of MPE% values showed 
that i.c.v. co‑infusion of the same doses of morphine 
and tramadol, 15 min after saline (1 ml/mouse; i.p.) in 
non‑sensitized mice (F(3,28)=58.576, P<0.001; Fig. 4B) and 

morphine (5 mg/kg,  s.c.) in morphine‑sensitized mice 
(F(3,28)=84.636, P<0.001; Fig. 4B) increased AUC of MPE%. 

The synergistic effect between morphine 
and tramadol on anti‑nociceptive effect 
in non‑sensitized and morphine‑sensitized mice 

The theoretical additive line showed that at all 
points, morphine and tramadol combination produced 
an effect of theoretical %50 tail‑flick latency (theoret‑
ical ED50) according to an additive interaction (Fig. 5). 
One sample t‑test revealed that there is a  significant 
difference between experimental ED50 and theoretical 
ED50. Our data proposed a  synergistic effect of mor‑
phine and tramadol administration upon induction 
of anti‑nociceptive effect in non‑sensitized and mor‑
phine‑sensitized mice (Fig. 5).

DISCUSSION

Opioid drugs, especially agonists of the µ‑receptor 
subtype, are extensively used to treat moderate to se‑
vere pain (Al‑Hasani and Bruchas, 2011; Pasternak and 
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Fig. 5. The isobologram analysis of the effects of drug administration revealed the synergistic effect of ic.v. injection of morphine and tramadol to 
induction analgesic effect. The foci A and B mean indicated the ED50 of morphine and tramadol, respectively. In brief, the ED50 of each drug (0.5 μg/
mouse for morphine and 0.5 μg/mouse for tramadol) was calculated by linear regression analysis. The oblique line between A and B is the theoretic 
additive effect line of morphine and tramadol administrations. The focus C, in the middle of the line, is the theoretical ED50 of the drug combination, 
which is recorded from the individual drug ED50. The focus D, far below the line, is the experimental ED50 of drugs combination, which is obtained after 
drug administration. Statistical analysis demonstrated that there is a significant difference between experimental ED50 and theoretical ED50 points, 
suggesting a synergistic effect of the injection of the drug (n=8, all groups; left panel for a non‑sensitized and right panel for morphine‑sensitized mice). 
ED50, effective dose 50. 
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Pan, 2011). Opioid receptors are distributed at many 
sites along the pain‑processing pathways, including 
both the central (spinal cord and several supra‑spinal 
nuclei) and peripheral (dorsal root ganglion and periph‑
eral nerve terminals) nervous system (Bigliardi‑Qi et 
al., 2004; Khalefa et al., 2012). The current study found 
that i.c.v. administration of morphine prolonged the 
tail‑flick latency in non‑sensitized and morphine‑sen‑
sitized mice, showing the analgesic effect of the drug. 
Interestingly, the analgesic response of morphine‑sen‑
sitized mice was more than non‑sensitized mice. Be‑
cause opioid receptors induce analgesic effect (Kosar‑
madar et al., 2015; Sanchez‑Fernandez et al., 2014; Zeng 
et al., 2013), one may suggest that s.c. and i.c.v. admin‑
istration of morphine in morphine‑sensitized mice in‑
duces a  powerful anti‑nociceptive effect by activating 
the central and peripheral nervous system (Bigliardi‑Qi 
et al., 2004; Khalefa et al., 2012) or modifying synaptic 
structures (Robinson and Kolb, 1997; 1999). Further‑
more, behavioral sensitization leads to multiple adap‑
tive neuronal responses such as permanent changes in 
synaptic structures (Robinson and Kolb, 1997; 1999). 
The adaptive reactions need changed gene expression 
(Nestler, 2000). A  number of these adaptive processes 
may so serve as acquired molecular twitches, making 
a  subject prone to increase dependence on chemical 
substances on repeated usage (Vekovischeva et al., 
2001). The results of the present investigation are in 
agreement with the findings of the previous research‑
es which have demonstrated that morphine adminis‑
tration (centrally or peripherally) induced anti‑noci‑
ceptive response through the stimulation of µ‑opioid 
receptors (Kosarmadar et al., 2015; Sanchez‑Fernandez 
et al., 2014; Zeng et al., 2013). The analgesic effects of 
morphine may stem from the: acting directly on the 
presynaptic neuron within the dorsal horn to decrease 
substance P by suppression of N‑type voltage‑gated 
calcium channel activity (Takasusuki and Yaksh, 
2011); inhibiting the presynaptic release of glutamate 
(Schepers et al., 2008); preventing the GABA inhibitory 
interneurons (Heinricher et al., 1994); decreasing the 
release of calcitonin gene‑related peptide (CGRP) from 
primary afferents (in mice model) (Baillie et al., 2015); 
activating potassium channels on second‑order neu‑
rons, producing hyperpolarization, thereby decreasing 
action potential transmission at the pre‑synaptic level; 
acting on the nicotinic and muscarinic acetylcholine 
receptors in the spinal cord, contributing meaningful‑
ly to the analgesic effects (Chen and Pan, 2003); acting 
on the spinal cord via the periaqueductal gray and the 
rostral ventromedial medulla descending modulation 
(Heinricher et al., 2009). 

Moreover, the results of the present research in‑
dicated that i.c.v. microinjection of tramadol en‑

hanced the tail‑flick latency in non‑sensitized and 
morphine‑sensitized mice, displaying the anti‑noci‑
ceptive effect of the drug. Tramadol is a broadly used 
analgesic agent (Cha et al., 2014; Grond and Sablotz‑
ki, 2004) which its analgesic effects are mediated by 
a combination of µ‑opioid agonist effects and norepi‑
nephrine and serotonin reuptake inhibition (Kaneko 
et al., 2014; Mintzer et al., 2010). Tramadol by activa‑
tion of the μ‑opioid receptor may induce the analgesic 
effect. However, the affinity of tramadol for the μ‑opi‑
oid receptor is weak, approximately 6000‑fold less 
than that of morphine (Aarts et al., 2012). Monoamine 
reuptake inhibition may also participate in the anal‑
gesic response of tramadol through inhibiting pain 
transmission in the CNS (Minami et al., 2015; Zhang et 
al., 2012). Tramadol used for acute‑ and chronic pain 
treatment (Lewis and Han, 1997; Li et al., 2017). Clin‑
ical studies have confirmed the efficacy of tramadol 
in the management of cancer pain (Gonul et al., 2015; 
Leppert, 2009), and neuropathic pain (Christoph et al., 
2007; Hollingshead et al., 2006). In basic researches 
in animals, the anti‑nociceptive effects of tramadol 
on heat pain (Raffa et al., 1992), chemical pain (Oli‑
va et al., 2002), visceral pain (Oyama et al., 2012), and 
neuropathic hyperalgesia (Tsai et al., 2000) have been 
widely studied. Because of tramadol lower susceptibil‑
ity of addiction than morphine, it is usually used for 
patients in the postsurgical period and also in a  pa‑
tient with chronic pain syndromes (Hosseini‑Shar‑
ifabad et al., 2016). It has been demonstrated that 
tramadol shows dose‑dependent and time‑dependent 
anti‑nociceptive effects on acute thermal pain in mice 
using the models of nociception most applied, the hot 
plate, and tail‑flick test (Aydin et al., 2012). A possible 
clarification for this might be that the reaction of ani‑
mals depends on the various behavioral tests, route of 
application, and doses of the drugs. 

In the next section of our study, we found that 
co‑administration of a non‑effective dose of tramadol 
or morphine with diverse doses of morphine or tra‑
madol respectively potentiated the anti‑nociceptive 
effect of the previous drug. Interestingly, our data re‑
vealed a synergistic effect of morphine and tramadol 
upon induction of analgesic effect, by isobolographic 
analysis. As mentioned previously, morphine and tra‑
madol act directly on the µ‑opioid receptors without 
the need for metabolic activation and cause a potent 
anti‑nociceptive response in the experimental ani‑
mals and could also prepare reliable pain management 
in the clinical studies (Kogel et al., 2014). However, the 
side effects of opioid treatments are commonly cog‑
nitive impairment, tolerance, and dependence (Gep‑
petti and Benemei, 2009) which are typically time‑ 
and dose‑dependent (Capuano et al., 2011). A possible 
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strategy to weaken the side effects of opioid treat‑
ments includes the use of drugs combination which 
causing analgesia via different mechanisms of action 
that produces the classical synergistic effect. Further‑
more, the use of lowering doses of each drug allows 
declining overall toxicity (Capuano et al., 2011). This 
scientifically valid strategy has been successfully used 
for treating several diseases such as cancer and car‑
diovascular disorders, and emerging reports propose 
the validity of this strategy for treating pain (Smith, 
2008; Thorn et al., 2011). For instance, the combina‑
tion of a μ‑opioid agonist with another non‑μ‑opioid 
analgesic may have enhanced analgesic effectiveness 
and/or a  better safety profile (Smith, 2008). Supple‑
mentary support comes from the results that analge‑
sic drugs with dual mechanisms of action (μ‑opioid re‑
ceptor agonist and a second mechanism) tend to have 
enhanced therapeutic profiles. For example, tramadol 
is a  μ‑opioid receptor agonist that also increases se‑
rotonin and norepinephrine transmission (Reeves and 
Burke, 2008). Tramadol is effective in several painful 
conditions and has relatively low abuse liability, prob‑
ably due to this unique pharmacological profile (Ep‑
stein et al., 2006; Thorn et al., 2011). Moreover, we sug‑
gest that a  synergistic effect between morphine and 
tramadol may be involved in the modulation of pain 
behavior in non‑sensitized and morphine‑sensitized 
mice. Nonetheless, more investigations are needed to 
explain the exact mechanisms of morphine and tra‑
madol in the modulation of pain response in non‑sen‑
sitized and morphine‑sensitized male mice.
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