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Abstract
Opioid analgesics devoid of central side effects are unmet medical need in the treatment of acute pain (e.g. post-operative 
pain). Recently, we have reported on 14-O-methylmorphine-6-O-sulfate (14-O-MeM6SU), a novel opioid agonist of high 
efficacy producing peripheral antinociception in subchronic inflammatory pain in certain doses. The present study focused 
on the antinociceptive effect of 14-O-MeM6SU compared to morphine in formalin test of an early/acute (Phase I) and late/
tonic (Phase II) pain phases. Subcutaneous 14-O-MeM6SU (253–1012 nmol/kg) and morphine (3884–31075 nmol/kg) dose 
dependently reduced the pain behaviors of both phases. Co-administered naloxone methiodide (NAL-M), a peripherally 
acting opioid antagonist, abolished the antinociceptive effect of 506 nmol/kg 14-O-MeM6SU. On the other hand, the effects 
of 14-O-MeM6SU (1012 nmol/kg) and morphine (15538 nmol/kg) were only partially affected by NAL-M, indicating the 
contribution of CNS to antinociception. Locally injected test compounds into formalin treated paws caused antinociception in 
both phases. Locally effective doses of test compounds were also injected into contralateral paws. Morphine showed effects 
in both phases, 14-O-MeM6SU in certain doses failed to produce antinociception in either phase. A NAL-M reversible sys-
temic dose of 14-O-MeM6SU and the lowest systemic effective dose of morphine were evaluated for their sedative effects 
following isoflurane-induced sleeping (righting reflex). In contrast to morphine, 14-O-MeM6SU in certain antinociceptive 
doses showed no impact on sleeping time. These data highlight that high efficacy opioids of limited CNS penetration in 
certain doses mitigate somatic and inflammatory pain by targeting MOR at the periphery.
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Introduction

The management of acute moderate to severe pain by opi-
oids is satisfactory, however their central side effects limit 
their use, particularly dependence [1]. Beside the well-docu-
mented central component of analgesic opioid action, grow-
ing data support the involvement of peripheral opioid recep-
tors in analgesia. For instance, lack of opioid antinociception 
following peripheral administration was reported in animals 
subjected to genetic ablation of opioid receptors in nocicep-
tive sensory neurons [2]. In addition, acute and sub-chronic 
inflammatory pain responds well both to systemically and 
locally applied opioids [3–6]. In rodents, opioid receptors 
have been reported to be overexpressed at the peripheral 
and spinal level following inflammation. This histological 
feature supports the appearance of peripheral antinociceptive 
effect of opioids following local or systemic administration 
[6]. Nevertheless, the clinical practice lacks of peripherally 
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acting opioid agonist against pain with proper efficacy, 
favorable side effect profile and duration of effect.

Recently, we have investigated the peripheral antinoci-
ceptive component of different peptide and novel nonpep-
tide opioids after systemic or local administration in acute 
(mouse and rat writhing test) and subchronic inflammatory 
rat model (Complete Freund’s adjuvant model). In these 
studies, we have shown that the peripheral opioid antinoci-
ception observed appears to be dependent on the pain model 
applied and the physiochemical properties of peripherally 
administered opioids [3, 4]. Opioid agonists have been 
reported to produce antinociception in both formalin-evoked 
pain phases, whereas non-steroidal anti-inflammatory drugs 
(NSAIDs) proved to inhibit only Phase II [7]. Peripherally 
acting µ-opioid agonist, loperamide has been proven to pro-
duce an antinociceptive effect in the formalin test following 
subcutaneous administration [8]. Of note this pain model has 
nociceptive responses evoked by continuous acute stimulus, 
which makes it of clinical relevance. Further, this model has 
two pain phases defined as Phase I and II. Phase I is initiated 
by a direct stimulation of nociceptors. On the other hand, 
Phase II develops parallel with inflammatory processes [9]. 
Opioid analgesics of limited central adverse effects appear 
to be more favorable than NSAIDs when the cardiac and 
gastrointestinal adverse effects are considered. Although 
14-O-methylmorphine-6-O-sulfate (14-O-MeM6SU) 
showed peripheral analgesia in certain doses in our previous 
studies, in formalin test 14-O-MeM6SU has not been tested 
yet. Therefore, we decided to go on to collect further evi-
dence on the analgesic effect of 14-O-MeM6SU to increase 
our understanding of peripheral antinociception.

In the present study we set out to examine the antinoci-
ceptive effect of the recently synthetized 14-O-MeM6SU 
compared to morphine in an acute inflammatory pain ani-
mal model (formalin test) to analyze the contribution of the 
peripheral versus central MOR to antinociception, following 
systemic or local administration.

The pain behaviors were evoked by intraplantar (i.pl.) for-
malin injection (modelling hyperalgesia). Finally, righting 
reflex was assessed to measure the sleeping time of inhaled 
isoflurane in the absence and presence of certain systemic 
doses of test compounds.

Materials and Methods

Animals

Male Wistar rats of (200–300 g) were used. The animals 
were obtained from the local Animal House (Semmelweis 
University, Budapest, Hungary). The animals were kept in 
standard cages (5 or 6 animals/cage) in a room of 20 ± 2 °C 
temperature, 12-h/12-h light/dark cycle, in the local animal 

house of the Semmelweis University, Department of Phar-
macology and Pharmacotherapy (Budapest, Hungary). 
Water and standard food were available ad libitum.

All housing and experiments were performed in accord-
ance with the European Communities Council Direc-
tives (2010/63/EU), and local animal care committee 
(PEI/001/276-4/2013). All the researchers did the best effort 
to minimize the number of animals and their suffering.

Chemicals

The morphine analog 14-O-MeM6SU (Fig. 1) was provided 
by the Department of Pharmaceutical Chemistry, Semmel-
weis University (Budapest, Hungary) and was synthesized 
and characterized as previously described [10]. Naloxone 
methiodide (NAL-M) and formalin solution was purchased 
from Sigma Aldrich Ltd. (Budapest, Hungary) and morphine 
hydrochloride from Alkaloida-ICN (Tiszavasvári, Hungary). 
Test compounds were dissolved in saline.

All compounds were stored and handled as described in 
the product information sheet.

Formalin Test: Model of Acute Inflammatory Pain

The test was performed as described previously [11]. Briefly, 
before the experiments the animals were daily wrapped in 
cloth except their right hindlimb left free, for three constitu-
tive days (“handling)” in order to habituate them. Thereafter, 
animals were wrapped in cloth and 2.5% formalin solution 
was injected into the plantar surface of the right hind paw in 
a volume of 50 µl/rat. Immediately after the injection, ani-
mals were placed into Plexiglas observation chambers of 25, 
25 and 25 cm in length, depth and height, respectively. The 
chambers were fixed above a mirror of 45° angle position 
allowing free viewing of the paws. Then, the antinociceptive 
action of the investigated agents were assessed by counting 
the number of nociceptive behaviors (shaking, flinching, 
licking and elevating the painful paw) for 60 min of 5 min 
time periods. Two observation phases were chosen (Phase 

Fig. 1  Chemical structure of 14-O-MeM6SU
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I: 0–10 min and Phase II: 11–60 min) to determine the pain 
events.

The test compounds were injected subcutaneously (s.c.) 
(2.5 ml/kg) 15 min prior to formalin injection. NAL-M was 
s.c. co-administered with the test compounds. In the other 
set of experiments, the compounds were injected intraplan-
tarly into the ipsilateral or contralateral paw (100 µl/animal) 
5 min prior to the formalin solution injection. Research-
ers performing the experiments were blinded to the drugs 
applied.

Sleeping Time Measurement: “Righting Reflex” 
Method

The sleeping time was induced by inhaled 3% isoflurane 
in oxygen for 2 min with a 2 l/min flow rate via nose cone 
using a vaporizer (Eickemeyer Isoflo Vaporiser; Eickemeyer 
Veterinary Equipment Inc.). Thereafter, animals were imme-
diately placed sideways on a pillow of 30 °C. The sleeping 
time (righting reflex, when the animals turned back on all 
four legs) was determined as previously described [4]. The 
animals were treated s.c. with 14-O-MeM6SU or morphine 
60 or 30 min before inhaled anaesthetic, respectively. Con-
trol groups were treated with saline. The sleeping time was 
measured in seconds.

Statistical Analysis

Cumulated data of Phase I (0–10  min) and Phase II 
(11–60 min) was analyzed separately by one-way ANOVA 
followed by Fisher’s LSD post hoc test using the vehicle 
treated group as control.

Data obtained from the sleeping time measurement was 
analyzed with one-way ANOVA followed by Fisher’s LSD 
test. Results were considered statistically significant when 
P < 0.05. All the analysis was performed with a professional 

statistical software: GraphPad Prism 6.0 (GraphPad Soft-
ware Inc., San Diego, CA).

Results

The Antinociceptive Effect of 14‑O‑MeM6SU 
and Morphine on Formalin Induced Pain After 
Systemic Administration

Subcutaneous 14-O-MeM6SU (253, 506 and 1012 nmol/
kg) or morphine (3884, 7769, 15,538 and 31,075 nmol/kg) 
attenuated the formalin-induced pain in a dose-dependent 
manner (Fig. 2a, b).

When both phases are considered, 14-O-MeM6SU in 
doses 506 and 1012 nmol/kg produced antinociception 
(Fig. 2a), whereas 253 nmol/kg was effective only in the 
second phase. On the other hand, s.c. morphine caused 
antinociception in all tested doses in Phase I and apart from 
the lowest dose in Phase II (Fig. 2b).

The Antagonist Effect of Co‑administered NAL‑M 
on the Antinociceptive Effect of 14‑O‑MeM6SU 
and Morphine After Systemic Administration in Rat 
Formalin Test

NAL-M (10.6  µmol/kg, s.c.), peripherally acting opi-
oid antagonist abolished the antinociceptive effect of s.c. 
506 nmol/kg 14-O-MeM6SU in both phases (Fig. 3a). On 
the other hand, NAL-M failed to antagonize the effect of 
1012  nmol/kg 14-O-MeM6SU in Phase I, yet partially 
affected the antinociceptive effect in Phase II (Fig. 3a).

In case of morphine, NAL-M antagonized its antinocic-
eptive effect in the dose of (15,538 nmol/kg, s.c.) in Phase 
I (Fig. 3b). In Phase II NAL-M only partially antagonized 
the antinociceptive action of the same dose of morphine. 

Fig. 2  The antinociceptive effect of 14-O-MeM6SU and morphine 
after s.c. administration in rat formalin test after i.pl. administration 
of 50  µl 2.5% formalin into the right hind paw. Phase I lasted for 
0–10  min and Phase II for 11–60  min. Each column represents the 
cumulative data of the given phase (number of nociceptive reactions). 
Drugs were administered in a 2.5  ml/kg volume. Both compounds 

showed a dose dependent antinociceptive action. Each value repre-
sents the mean ± SEM. (n = 4–11). *: Significant difference versus 
vehicle treated group in Phase I, p < 0.05 (one-way ANOVA followed 
by Fisher’s LSD post hoc test). +: Significant difference versus vehi-
cle treated group in Phase II, p < 0.05 (one-way ANOVA followed by 
Fisher’s LSD post hoc test)
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These data indicate the peripheral antinociceptive compo-
nent of both compounds, but only 14-O-MeM6SU showed 
action that was of completely peripheral origin at the dose 
of 506 nmol/kg.

The Antinociceptive Effect of 14‑O‑MeM6SU 
and Morphine on Formalin Induced Pain After Local 
Administration

The locally (i.pl.) administered (into the ipsilateral paw) 
14-O-MeM6SU at doses of (25.3, 50.6 and 101.2 nmol/rat) 
or morphine (971 and 1942 nmol/rat) were also tested. The 
smallest dose that significantly reduced the pain in Phase 
I was 25.3 and 1942 nmol/animal for 14-O-MeM6SU and 
for morphine, respectively (Fig. 4a, b). When both phases 
considered, 14-O-MeM6SU alleviated the pain reactions 
in a dose of 50.6 nmol/rat and morphine only at the dose of 
1942 nmol/rat (Fig. 4a, b). Based on equianalgesic effect 
14-O-MeM6SU was 77 and 38 more potent than morphine 
in Phase I and II, respectively.

The Antinociceptive Effects of 14‑O‑MeM6SU 
or Morphine After Administration 
into the Contralateral Paw on Formalin‑Induced 
Pain in Rats

Intraplantar (i.pl.) administration of 50.6  nmol/rat 
14-O-MeM6SU into contralateral paw failed to affect forma-
lin-induced pain in ipsilateral paw in either phases (Fig. 5a), 
though was effective when administered into ipsilateral (for-
malin treated) paw (Fig. 4). At a higher dose (101.2 nmol/
rat) 14-O-MeM6SU showed antinociception only in Phase 
I. However, 1942 nmol/animal morphine injected into the 
contralateral paw (i.pl.) produced antinociceptive effect on 
both phases (Fig. 5b). This effect is in accordance with that 
obtained following s.c. 7769 nmol/kg (Fig. 2b).

The Effect of Systemic 14‑O‑MeM6SU and Morphine 
on Isoflurane Induced Sleeping

We examined the impact of 14-O-MeM6SU and mor-
phine on rat sleeping time initiated by inhaled isoflurane. 

Fig. 3  The antagonist effect of s.c. co-administered NAL-M 
(10.6  µmol/kg) on the antinociceptive effect of s.c. 14-O-MeM6SU 
(a) and morphine (b) in rat formalin test. NAL-M completely antago-
nized the effect of 506 nmol/kg 14-O-MeM6SU and partially antago-
nized the effect of 1012 nmol/kg 14-O-MeM6SU and 15,538 nmol/
kg morphine. Each column represents the cumulative data of the 
given phase (number of nociceptive reactions). Drugs were adminis-

tered in a 2.5 ml/kg volume. Each value represents the mean ± SEM. 
(n = 5–11). *: Significant Difference versus vehicle treated group in 
Phase I, p < 0.05 (one-way ANOVA followed by Fisher’s LSD post 
hoc test). +: Significant difference versus vehicle treated group in 
Phase II, p < 0.05 (one-way ANOVA followed by Fisher’s LSD 
post hoc test). #: Significant difference between the signed groups, 
p < 0.05 (one-way ANOVA followed by Fisher’s LSD post hoc test)
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Subcutaneous 506 nmol/kg but not 1012 nmol/kg failed 
to affect the sleeping time in rats evoked by inhaled iso-
flurane (Fig. 6a). Morphine significantly prolonged the 

rat sleeping time in a dose of 7769 and 15,538 nmol/kg 
(Fig. 6b). Longer sleeping time evoked by test compounds 
compared to saline, indicates the CNS effects (sedation).

Fig. 4  The antinociceptive effect of 14-O-MeM6SU and morphine 
after local administration in rat formalin test after i.pl. administra-
tion of 50 µl 2.5% formalin into the right hind paw. Phase I lasted for 
0–10  min and Phase II for 11–60  min. Each column represents the 
cumulative data of the given phase (number of nociceptive reactions). 
Drugs were administered in a 100 µl/animal volume. Each value rep-

resents the mean ± SEM. (n = 4–11). *: Significant difference versus 
vehicle treated group in Phase I, p < 0.05 (one-way ANOVA followed 
by Fisher’s LSD post hoc test). +: Significant difference versus vehi-
cle treated group in Phase II, p < 0.05 (one-way ANOVA followed by 
Fisher’s LSD post hoc test)

Fig. 5  The antinociceptive effect of 14-O-MeM6SU (a) and 
morphine (b) after administration into the contralateral paw. 
14-O-MeM6SU did not show any effect in small dose (50.6  nmol/
kg) while morphine showed significant antinociceptive effect in 
the smallest dose which was effective after local administration 
(1942 nmol/kg). Drugs were administered in a 100 µl/animal volume. 
Each column represents the cumulative data of the given phase (num-

ber of nociceptive reactions). Each value represents the mean ± SEM. 
(n = 4–5). *: Significant difference versus vehicle treated group in 
Phase I, p < 0.05 (one-way ANOVA followed by Fisher’s LSD hoc 
test in the case of 14-O-MeM6SU and unpaired t-test with two-tailed 
p value in the case of morphine). +: Significant difference versus 
vehicle treated group in Phase II, p < 0.05 (Unpaired t-test with two-
tailed p value)

Fig. 6  Sleeping time of animals anaesthetized with inhaled iso-
flurane. 14-O-MeM6SU in 506  nmol/kg dose (effective dose in 
rat formalin test) did not influence the sleeping time. In a dose of 
1012 nmol/kg and morphine in a 7769 nmol/kg dose significantly ele-
vated the sleeping time (s). Data were obtained 60 min after the injec-

tion of 14-O-MeM6SU and 30 min in the case of morphine injection 
(times of peak effect). Drugs were administered in a 2.5 ml/kg vol-
ume. Each value represents the mean ± SEM. (n = 4–10). *: Signifi-
cant difference versus saline treated control group p < 0.05 (one way 
ANOVA followed by Fisher’s LSD post hoc test)
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Discussion

In the current study, we present for the first time the 
peripheral and central antinociceptive component of the 
novel non-peptide opioid agonist 14-O-MeM6SU com-
pared to morphine following systemic or local adminis-
tration in nociceptive assay modelling both the chemical 
(somatic) and inflammatory pain types (formalin test). 
There is no debate on the antinociceptive action of opi-
oids following systemic administration in the treatment 
of moderate to severe pain, yet the adverse effects hamper 
their use [1]. However, to the best of our knowledge the 
clinical practice lacks of opioid agonists having peripheral 
antinociceptive effect without the unwanted central effects 
(e.g. respiratory depression, dependence).

The majority of opioids available for clinical use pro-
duce their analgesic effects by activation of central MOR. 
These receptors in addition to their presence in CNS 
pain transmission relay points, can be also found on the 
peripheral primary sensory neurons (DRG and peripheral 
terminals) [12]. Thus the presence of peripheral MOR is 
a motive for opioid researchers to localize the analgesic 
action of opioids following systemic administration, par-
ticularly those having chemical structure limiting their 
access to CNS [6]. During inflammation the elevated 
level of the opioid receptors on the periphery as well as 
in the CNS might offer a desirable option in the treat-
ment of acute inflammatory pain [4, 13]. In this study, we 
determined the peripheral and central analgesic compo-
nents of the novel compound 14-O-MeM6SU compared to 
that of morphine in nociceptive assay modelling both the 
chemical (somatic) and inflammatory pain types (forma-
lin test). Finally, we evaluated the sedative effects of test 
compounds applying the rat righting reflex test. The main 
finding of the present study is that 14-O-MeM6SU and 
morphine alleviated the pain following either systemic or 
local administration in formalin test. 14-O-MeM6SU but 
not morphine showed pure peripheral analgesic component 
only in certain doses. It can be concluded from the antago-
nist effect of systemic NAL-M (in a dose proved to have 
only peripheral impact) on certain antinociceptive doses of 
14-O-MeM6SU [14, 15]. Indeed, the peripheral analgesic 
effect of 14-O-MeM6SU was dose dependent, which did 
not occur in the case of morphine. Morphine in systemic 
dose of 15,538 nmol/kg displayed central and peripheral 
analgesia, since systemic NAL-M did only partially affect 
it. This dual site of analgesic effect for morphine was 
shown in the mouse tail-flick test (thermal nociception) 
as well [16]. Although NAL-M significantly decreased 
the analgesic effect of morphine, but was not capable to 
abolish it indicating the contribution of CNS to the action 
of morphine (Fig. 3). This result is in accordance with 

our previous data showing similar morphine analgesic 
tendency utilizing the same method—though the dose of 
morphine was smaller (5278 nmol/kg) [5]. On the other 
side, NAL-M failed to reverse the analgesic effect of 
14-O-MeM6SU when was tested in higher doses. Taken 
together, 14-O-MeM6SU but not morphine at certain 
doses showed peripheral analgesia (Fig. 3). These results 
further support the hypothesis that inflammatory pain 
can be alleviated satisfactorily through peripheral opioid 
receptor activation as previously reported in other inflam-
matory pain models [3, 4]. In addition, in certain doses 
14-O-MeM6SU but not morphine showed no analgesia, 
when they were administered into the contralateral paw 
(Fig. 5). This result might indicate that this dose is too 
small to have action on the other paw (ipsilateral paw). 
If we accept that this dose shows analgesic action when 
administered to the ipsilateral paw, then we could con-
clude that the site of hitting the pain is in the periphery for 
14-O-MeM6SU in the dose of 50.6 nmol/rat. Our current 
results are in agreement with our previous results and other 
studies obtained in other inflammatory pain models [4, 12, 
16–18]. Finally, since opioid agonists are known to induce 
sedation [19, 20], we tested the impact of certain analgesic 
doses of morphine or 14-O-MeM6SU in the sleeping time 
evoked by isoflurane, an inhaled anesthetic agent [21]. 
14-O-MeM6SU in contrast to morphine in some analge-
sic doses failed to prolong the sleeping time of isoflurane 
(Fig. 6). Once again, this evidence shows that morphine 
in the dose of 7769 nmol/kg (smallest effective dose in 
both phases) prolonged isoflurane induced sleeping time, 
whereas 14-O-MeM6SU did not alter the sleeping time in 
the dose of 506 nmol/kg (Fig. 6) under the present circum-
stances. Of note, in our previous study, 14-O-MeM6SU 
in dose of 253 nmol/kg or higher did prolong thiobuta-
barbital-induced sleeping time [4]. Indeed, presently our 
explanation for this issue is based on pharmacokinetic 
properties because the two anesthetic agents have differ-
ent route of administration and different sleeping induction 
property. Based on these apparent discrepancies it can be 
hypothesized that the thiobutabarbital-induced sleeping 
time measurement is more sensitive under the present 
circumstances to reveal mild sedative effects induced by 
low-dose of opioids. However, this needs to be elaborated 
in the future, but the substantial result regarding the anal-
gesia of 14-O-MeM6SU in the present work remains clear 
because the systemic dose of 506 nmol/kg was antago-
nized by the peripherally acting opioid antagonist, NAL-
M. Thus, 506 nmol/kg and lower doses showed prominent 
peripheral analgesia, whereas the higher doses produced 
peripheral and central analgesia regardless their impact on 
sleeping time evoked by anesthetics.

Our present results highlight the role of periph-
eral and central analgesic actions of test compounds 
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pharmacologically only when applying behavioral animal 
models. Cellular mechanism-based methods assessing the 
role of opioid receptors located at the periphery and central 
pain pathway would provide further evidence on the con-
tribution of the peripheral and central opioid receptors to 
the observed analgesia; yet understanding the mechanism 
behind. We hypothesize that opioids of high efficacy could 
effectively activate opioid receptors on the pain pathway at 
both peripheral and central sites. This pharmacological pro-
file is hosted by 14-O-MeM6SU as described in previous 
studies [4, 10].

Based on these results agents with high efficacy and lim-
ited penetration into the CNS might be a preferable choice 
in the treatment of different types of inflammatory pain, con-
sidering proper dose titration. Therefore 14-O-MeM6SU and 
similar compounds might be of high clinical value, even 
after systemic administration especially in the cases of 
severe acute inflammatory conditions. In contrast to locally 
injected opioids systemic administration might offer a pos-
sibility to avoid the risk of infections and physical damages 
[22].

Conclusion

The knowledge on the type of pain and its pathophysiologi-
cal changes is a milestone prior to prescribing effective 
analgesics. 14-O-MeM6SU but not morphine can produce 
peripheral antinociception in certain doses following local 
and particularly systemic administration. The later adminis-
tration could offer a future tool to avoid the risk of infections 
and physical damages following local injection of opioids.
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