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Abstract

Background: The objective of this study was to compare the changes in the electroencephalogram (EEG) in response
to noxious stimuli with tail flick and hot plate responses of rats administered opiorphin.

Methods: Female Sprague -Dawley rats (n = 8 per group) randomly received intravenous (IV) injection of morphine
(1 mg/kg,) or opiorphin (2 mg/kg,) or saline (0.5 ml,) in each of the three testing methods (EEG, tail flick and hot plate).
Each type of test (n = 24 per test) was conducted in different population of rats on separate occasions. The tail flick and
hot plate latencies were recorded until 5 min after test drug administration to conscious rats. The EEG was recorded in
anaesthetised rats subjected to noxious thermal and electrical stimuli after test drug administration. At the end of 5 min
in each of the testing methods rats were administered naloxone subcutaneously (SC) (1 mg/kg) and the test procedure
was repeated.

Results: There was no significant increase in the median frequency and spectral edge frequency (F50 & F95)
of EEG, indicators of nociception, of morphine and opiorphin groups after noxious stimulation. Noxious stimuli caused
a significant increase in both F50 and F95 of the saline group. An injection of naloxone significantly increased the F50,
thus blocking the action of both opiorphin and morphine. There was a significant increase in the tail flick latency after
administration of opiorphin and morphine as compared to the baseline values. Rats of morphine group spent
significantly longer on the hot plate when compared to those of the opiorphin and saline groups. There was
no significant difference in the hot plate latencies of opiorphin and saline groups.

Conclusion: The results of this study suggest that the analgesic effect of opiorphin occurs at the spinal level
and it is not as effective as morphine at supraspinal level. It may be due to rapid degradation of opiorphin
or limited ability of opiorphin to cross the blood brain barrier or a higher dose of opiorphin is required for
its action in the brain. Pharmacokinetic/pharmacodynamics studies along with in vivo penetration of
opiorphin in the cerebrospinal fluid are required for further evaluation of opiorphin analgesia.
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Background
Opiorphin (QRFSR) is one of the analgesic human pep-
tides whose effects have been investigated in rats. It has
the potential to be a treatment for chronic pain includ-
ing neuropathic pain [1]. Opiorphin is a penta-peptide
(Gln-Arg-Phe-Ser-Arg) which has similar analgesic effi-
cacy to morphine with fewer side effects in rats. It is a
dual endogenous ectopeptidase enkephalinase inhibitor;
inhibits both neutral endopeptidase (NEP) and amino-
peptidase N (AP-N) [2, 3]. IC50 for NEP and APN were
8 and 30 μM, respectively [4]. These enkephalinases in-
activate endogenous opioids, and blocking this inactiva-
tion has similar effects to administration of exogenous
opioids peptides such as morphine [1, 5]. Opiorphin is
produced from the PRL1 precursor in response to pain,
stress and emotional state [6] both in brain and in per-
ipheral tissue such as kidneys, digestive tract, reproduct-
ive tract (both in males and females), tears and saliva
[7]. It is rapidly metabolised to RFSR-peptide by plasma
exo-aminopeptidases resulting in a short half-life of only
5 min [8].
Rougeot et al. [2] demonstrated a similar analgesic effi-

cacy of opiorphin after intravenous administration to mor-
phine in rats using tail flick and formalin tests, but the
duration of action was short. The action of opiorphin can
also be prolonged by using liposomal formulations instead
of conventional opiorphin formulation [1, 9]. Benyhe et al.
[10] and Bogeas et al. [8] used peptidomimetic products
of opiorphin which were metabolically more stable than
opiorphin. The analgesic efficacy of opiorphin has been
demonstrated by using “the spinally controlled thermal
acute nociception, tail flick test; the supraspinally con-
trolled mechanical acute nociception, pin pain test and
the chemically-induced inflammation causing chronic
pain and the formalin test [2, 3, 11]. The tail flick test
works at spinal level while formalin injection test mimics
chronic peripheral pain. It can be argued that both these
tests do not effectively assess the brain activity and rely
only on the behavioural observations. The hot plate, a
supraspinally controlled thermal acute pain test has less
ethical cost as compared to the formalin test. It is easy to
use, highly repeatable and causes pain of only a short dur-
ation [12].
Electroencephalography (EEG) has been used to evalu-

ate antinociception objectively in anaesthetized animals
[13–15]. It is a representation of the spontaneous elec-
trical activity of the cerebral cortex. It is well established
that the cerebral cortex participates in the processing of
afferent nociceptive input that results in the conscious
perception of pain. Supporting evidence has been pro-
vided from human and animal studies that showed cor-
relation of behavioural responses with EEG spectral
frequency changes due to noxious stimuli [13, 14].
Changes in the EEG power spectrum, specifically, median

frequency (F50), spectral edge frequency (F95) and total
power of the EEG (Ptot), have been used to evaluate the
anti-nociceptive efficacy of analgesics in different species
of animals in response to a variety of noxious stimuli [15,
16]. To date, there have been no reports on either the ef-
fect of opiorphin on the EEG of rats subjected to noxious
stimuli or the use of hot plate test to demonstrate its anal-
gesic efficacy. A thermal supraspinal test might show dif-
ferent results as compared to chemical nociception
induced by formalin injection.
The aim of this study was to measure and compare

the changes in the electroencephalogram (EEG) in re-
sponse to noxious stimuli with tail flick and hot
plate responses of rats administered opiorphin or
morphine.

Methods
Study design
This study was approved by the Massey University Ani-
mal Ethics Committee (protocols 14/86 and 15/106).
Female Sprague Dawley rats (n = 72) were randomly
selected by coin toss from a population of 500. The
animals were obtained from the Small Animal Pro-
duction Unit, Massey University, Palmerston North,
New Zealand. Female rats were used for this study
because concerns about the priapism associated with
opiorphin administration in male rats [17]. The aver-
age body weight of the selected rats was 250 g. The
sample size was determined by use of power calcula-
tion using ranges derived from Wisner et al. [3]. The
rats were raised under standard husbandry conditions
with ad libitum feed and water. The rats were kept in
plastic rat cages in pairs. They were accustomed to
handling for a month prior to start of the actual ex-
periment. The person conducting the experiment was
unaware of the treatment groups. The rats were ran-
domly selected by coin toss as receiving morphine or
opiorphin or normal saline.

Tail flick and hot plate tests
The tail flick and the hot plate tests were conducted on
24 female rats for each test. These rats were divided into
three groups; placebo, morphine and opiorphin, with 8
rats in each group. The drugs were injected intraven-
ously into the tail vein. The rats were manually re-
strained using a perforated perspex tube exposing the
tail of the rat towards the operator. The placebo group
received an intravenous injection of normal saline while
the morphine group and opiorphin group received an
intravenous injection of morphine sulphate (10 mg/mL)
at 1 mg/kg and opiorphin (0.2 mg/mL) at 2 mg/kg for-
mulated in a solution of 100 mM PBS (55%) and 0.01 N
Acetic acid (45%) [2]. Tail flick test [18] was performed
by immersing the tail of the rat in hot water maintained
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at 55 °C, prior to and 1 and 5 min after the injection of
test drugs. Tail flick reaction time at each of the time-
points was recorded. Naloxone HCl (0.4 mg/mL) at
1 mg/kg was injected sub-cutaneously after the third tail
flick observation. Another tail flick test was performed
5 min after the naloxone injection. The cut off time for
tail flick test was 10 s.
Hot plate test [12] was performed by placing rats on a

hot plate at 50 °C. Response time for observed behav-
ioural changes like paw licking, stomping, jumping and
escaping from the hot plate was recorded prior to and 1
and 5 min after the injection of test drugs. Naloxone
HCl at 1 mg/kg was injected sub- cutaneously after the
third hot plate test observation. A subsequent hot plate
test was performed 5 min after the naloxone injection.
The cut off time for the hot plate test was 15 s.
Rats used for tail flick and hot plate tests were eutha-

nized at end of the experiment using carbon dioxide.

EEG recording
EEG was recorded as described by Kongara et al. [16].
Briefly, rats (n = 24) were placed into an induction
chamber and anaesthesia was induced with 2% halothane
in oxygen. When the rat was unconscious, oro-tracheal
intubation was performed with an 18-gauge cannula,
which was connected to a T-piece breathing system. An-
aesthesia was maintained with halothane in oxygen. The
precision vaporizer (Fluothane; MedSource Ltd., Ash-
burton, NZ) was adjusted to maintain the end-tidal halo-
thane tension (EtHal) between 1.2 and 1.25%. None of
the rats showed any movement responses at this min-
imal plane of anaesthesia (see review by Murrell and
Johnson for details on minimal anaesthesia model used
for recording the EEG) Ventilation was controlled using
an intermittent positive pressure ventilator (V valve ven-
tilator; Vetronics, Bioanalytical Systems Inc., West LaFa-
yette, IN, USA) and the end-tidal carbon dioxide
concentration (EtCO2) was maintained between 4.7 and
6.0 kPa. Airway gases were sampled continuously from
the end of the endotracheal tube connected to the
breathing circuit, using an anaesthetic gas analyzer
(Hewlet Packard M1025B, Hewlet Packard, Hamburg,
Germany). Rats’ rectal temperature was monitored using
a digital thermometer, and maintained between 37.0 and
38.5 °C with a circulating warm water blanket heating
device.
Anaesthetised rats’ head was secured in a stereotaxic

frame to prevent any movement of the head during EEG
recording. EEG was recorded using three subcutaneous
27-gauge stainless-steel needle electrodes (Medelec,
Radiometer, Auckland, New Zealand). The three elec-
trode montage comprised of an inverting electrode over
the zygomatic process of the left frontal bone, non-
inverting electrode over the left mastoid process and

ground electrode caudal to the occipital process. Elec-
trode cables were connected to a custom built break-out
box that was plugged into a physiological signal ampli-
fier (Iso-Dam Signal Amplifiers; World Precision Instru-
ments, Sarasota, FL, USA). The signals were amplified
with a gain of 1000× and a band pass of 0.1–100 Hz.
EEG was recorded on a Powerlab 4/20 data acquisition
system (Powerlab/4sp; AD Instruments Ltd., Sydney,
Australia), which digitized the signal at a rate of 1.0 kHz.
EEG recording was started as soon as the rat was

stabilized under anaesthesia and a 5 min baseline was
recorded. The timeline for EEG recording and treat-
ments is given in Fig. 1. At the end of the 5 min
baseline, test drugs were injected. The placebo group
(n = 8) received an intravenous injection of normal sa-
line, while morphine (n = 8) and opiorphin (n = 8)
groups received an intravenous injection of the re-
spective drugs at 1 and 2 mg/kg. Five minutes after test
drug administration and EEG recording, noxious stimuli
(electrical or thermal) were applied randomly with a
10 min interval between each type of stimulus. Electrical
stimulus (50 V at 50 Hz for 2 s; Valverde et al., [19]) was
applied via two needle electrodes inserted to the lateral as-
pect of the tail base, using a Grass Stimulator (S48 K
square pulse stimulator, Astro-Med Inc., Grass instrument
division, Auckland, New Zealand), and thermal stimulus
was applied by immersing the tail in a 55 °C hot water
bath for 5 s [15].
EEG was sampled during and 5 min immediately

after each type of stimulus. Naloxane HCl (1 mg/kg)
was injected IV at the end of 5 min sampling after
the second stimulus. Application of noxious stimuli
and the EEG sampling pattern was the same as de-
scribed above, after naloxane administration. Rats
were euthanized at the end of the EEG recording
with a halothane overdose while they were under
anaesthesia.
Raw EEG data were inspected visually off-line and

any out-of-range data resulting from movement arte-
fact during noxious stimulation were excluded from
analysis (Fig. 2). Data were multiplied using a Welch
window and fast Fourier transformation applied to
each epoch, generating sequential power spectra with
one-hertz frequency bins [15, 16]. The F50, F95 and
Ptot were calculated for consecutive non-overlapping
one-second epochs, using purpose-built software
(Spectral Analyser; Craig Johnson, Massey University,
Palmerston North, NZ, 2002).

Statistical analyses
Differences in EEG variables (F50, F95 and Ptot) as well
as tail flick and hot plate time, between treatment groups
as well as time-points, were tested using generalised linear
mixed model analysis (Littell et al. [20]) in SAS® 9.4 (SAS
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Institute Inc. Cary, NC, USA). The model in proc. mixed
procedure included the fixed effects of group, time and
their interaction, and random effects of animals. The co-
variance error structure for repeated measures over
time-points, within animals in each group was deter-
mined using Akaike’s information criterion. A first-
order autoregressive model was found to be the most
appropriate error structure. There were significant (P
< 0.05) between-group differences in the baseline
values of all variables and hence, baseline values were
included as covariates in the model. The distribution
of data for different variables were tested for normal-
ity using Shapiro-Wilk, Kolmogorov-Smirnov and
Anderson-Darling tests using proc. univariate proced-
ure in SAS® 9.4. The residuals of data for EEG vari-
ables were found to be non-normally distributed and
hence, EEG variables were normalised by Blom’s
transformation employing proc. rank procedure in
SAS® 9.4. The option of statement, NORMAL =
BLOM, was used and this estimated the normal

scores corresponding to the observations as per [21].
Least square means (LSM) and standard errors (SE)
in original scale were used to plot graphs. Data are
reported in mean ± standard errors.

Results
Tail flick test
Results from the tail flick test are shown in Fig. 3.
There was a significant (P < 0.05) increase in the tail
flick latencies at 5 min (5.32 s ± 0.17) after an injec-
tion of opiorphin as compared to the baseline (4.27 s
± 0.17) and this effect was blocked by an injection of
naloxone (4.15 s ± 0.17). It took about 5 min for
opiorphin to have its effect in the tail flick test as the
tail flick latency at 1 min after the injection of opior-
phin (4.56 s ± 0.17) was not significantly (P > 0.05) dif-
ferent from the baseline value. The effect of
morphine on tail flick test was significant (P < 0.05) at
1 min after its administration (5.49 s ± 0.28) and was
persistent till 5 min (5.71 s ± 0.28), after which nalox-
one blocked its effect (4.15 s ± 0.17).
In case of the saline group, the tail flick latencies at both

time-points were non-significantly (P > 0.05) different from
baseline reading. Comparison between groups, within a
time-point, was also made. The tail flick latency at one-
minute time-point in morphine group rats (5.49 s ± 0.28)
was significantly (P < 0.05) higher than that in opiorphin
group rats (4.56 s ± 0.17). Both morphine (5.71 s ± 0.28)
and opiorphin (5.32 s ± 0.17) groups had significantly
(P < 0.05) higher tail flick latencies at 5 min time-point,
compared to saline group rats (4.49 secd±0.19).

Hot plate test
Figure 4 shows the results of the hot plate test. The hot
plate test did not demonstrate the analgesic effects of
opiorphin. There was a significant (P < 0.05) reduction in
time spent on the hot plate in rats injected with either

Fig. 1 Diagram of the EEG recording pattern at different time points in rats under minimal halothane anaesthesia. SA = stabilisation of
anaesthesia; BL EEG = baseline EEG; TDI = test drug injection; EEG: ES/TS = EEG recording during and after electrical or thermal stimulation
ES/TS = electrical or thermal stimulation; Nal In = naloxone injection; EEG: nal In = EEG recorded after naloxone injection; EA = end
of anaesthesia

Fig. 2 Example of raw electroencephalogram of anaesthetized rat:
before and after electrical stimulation. *Note the large movement
artefact during electrical stimulation
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opiorphin or normal saline both at 1 and 5 min after in-
jection, compared to the baseline observations. This ef-
fect was persistent after the injection of naloxone. The
morphine group rats displayed typical analgesic effect.
There was a significant (P < 0.05) increase in time spent
on the hot plate at 5 after the injection of morphine.
This effect was blocked by an injection of naloxone.

EEG responses
The median frequency (F50) significantly (P < 0.05) in-
creased after thermal and electrical stimulation of rats
injected with normal saline as compared to the baseline
readings (Fig. 5). Rats in the opiorphin and morphine
groups did not show any significant (P > 0.05) increase
in F50 compared to the baseline values. There was a

Fig. 3 Least square means for the tail immersion time (sec) at different time points. There was a significant increase in tail flick times at one and
5 min after an IV injection of morphine and 5 min after an injection of opiorphin. There was a significant decrease in tail flick times after an IV
injection of naloxone. The control group did not receive an injection of naloxone. Note 1: Mean values with an asterisk over the error bars
differed significantly (p < 0.05) from their respective baseline values. Note 2: Mean values with at least one common letter over the error bars,
within the each time-point, did not differ significantly (p > 0.05). Note 3: Baseline = tail flick latency before the drug administration; 1 min after
drug = tail flick latency 1 min after an i.v. injection of normal saline, opiorphin or morphine; 5 mins after drug = tail flick latency 5 min after an i.v.
injection of normal saline, opiorphin or morphin; 5 mins Naloxone = tail flick latency 5 min after a s.c. injection of Naloxone

Fig. 4 Least square means for the time spent by rats on the hot plate before and after intravenous administration of normal saline, Opiorphin
and morphine. There was a significant increase in time spent by rats after an injection of morphine, while there was a significant
decrease in time spent by rats after an injection of either opiorphin or normal saline. Superscripts represent significant differences.
Note 1: Mean values with an asterisk over the error bars differed significantly (p < 0.05) from their respective baseline values. Note 2:
Mean values with at least one common letter over the error bars, within the each time-point, did not differ significantly (p > 0.05).
Note 3: Baseline = hot plate latency before the drug administration; 1 min after drug = hot plate latency 1 min after an i.v. injection of
normal saline, opiorphin or morphine; 5 mins after drug = hot plate latency 5 min after an i.v. injection of normal saline, opiorphin or
morphin; 5 mins Naloxone = hot plate latency 5 min after a s.c. injection of Naloxone
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significant (P < 0.05) increase in F50 during the thermal
and electrical stimuli after the injection of naloxone in
both morphine and opiorphin groups. The morphine
group rats, during the electrical stimulus after naloxone
injection, had significantly (P < 0.05) higher F50 values
as compared to opiorphin group. The saline group had
significantly (P < 0.05) higher F50 compared to morphine
and opiorphin groups during the electrical stimulation.
There was no significant (P > 0.05) difference in the

spectral edge frequency (F95), compared to baseline
values, following thermal and electrical stimuli in both
morphine and opiorphin groups (Fig. 6). The saline
group displayed significant (P < 0.05) increase in F95,
compared to the baseline values during the electrical
stimulus. The spectral edge frequency (F95) following
both electrical and thermal stimuli, post- naloxone injec-
tion, significantly (P < 0.05) increased as compared to
the baseline readings in the morphine group (Fig. 6).
This increase was non-significant (P > 0.05) in case of
opiorphin group.
The total power (Ptot), compared to baseline readings,

did not show any significant (P > 0.05) difference during
both electrical and thermal stimuli after the injection of
morphine or opiorphin (Fig. 7). However, after the injec-
tion of naloxone, the Ptot during electrical stimulus sig-
nificantly (P < 0.05) decreased in morphine rats. The rats
injected with morphine had significantly (P < 0.05)
higher Ptot values during electrical stimulus as com-
pared to the control rats.

Discussion
The objective of this study was to compare the changes
in EEG indices of nociception in response to noxious
stimuli with the tail flick and hot plate latencies of rats
administered opiorphin or morphine. A significant in-
crease in F50 and F95 has been demonstrated to be the
EEG responses indicating nociception after noxious
stimulation of animals [16]. Studies have also demon-
strated that these EEG indicators were similar to base-
line during noxious stimulation after the administration
of analgesic drugs. Changes in total power of the EEG
may indicate a different aspect of nociception, and more
related to degree of arousal during anaesthesia in ani-
mals [15]. F50 and F95 values similar to baseline after
administration of either morphine or opiorphin suggests
that both drugs could produce anti-nociception in re-
sponse to noxious stimuli. Rats of saline group had a sig-
nificant increase in F50 and F95 values compared to
baseline during both electrical and thermal stimulation
indicating nociception.
Following naloxone injection, F50 values in both

opiorphin and morphine groups increased significantly
during noxious stimulation. It is likely that naloxone
displaced morphine or endogenous enkephalins from
the opioid receptors and caused nociception due to
noxious stimulation. Thus, opiorphin as expected
functions to increase the half-life of endogenous opi-
oids. When compared to morphine group, F50 of
opiorphin group rats after an injection of naloxone

Fig. 5 Least square means for the median frequency (F50) during thermal (TS) and electrical stimulus (ES) in rats injected with normal
saline (green bars), opiorphin (red bars) and morphine (blue bars). There was a significant increase in F50 in the normal saline injected
rats both during the electrical and thermal stimulus. The morphine and opiorphin effect was blocked by naloxone as there was a
significant increase in F50 after administration of naloxone during the electrical stimulus. Superscripts represent significant differences.
Note 1: Mean values with an asterisk over the error bars differed significantly (p < 0.05) from their respective baseline values. Note 2:
Mean values with at least one common letter over the error bars, within the each time-point, did not differ significantly (p > 0.05). Note
3: Baseline = F50 before the drug administration; TS post drug = F50 after an i.v. injection of normal saline, opiorphion or morphine
during thermal nociceptive stimulus; ES post drug = F50 after an i.v. injection of normal saline, opiorphin or morphine during electrical
nociceptive stimulus; TS post nal = F50 after a s.c. injection of naloxone
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during the electrical stimulus was significantly lower.
The displacement of opioids by naloxone from its re-
ceptors in case of opiorphin rats was less as com-
pared to morphine group. This could be due to
continuous availability of endogenous opioids in the
opiorphin administered rats that displaced naloxone

from the opioid receptors. The fact that there was no
significant difference in F95 after displacement of en-
dogenous opioids in opiorphin injected rats reestab-
lishes that naloxone may not completely block the
opiorphin effect. A higher dose or continuous infusion of
naloxone might be required to reverse the opiorphin

Fig. 7 Least square means for the total power (Ptot) during thermal (TS) and electrical stimulus (ES) in rats injected with normal saline
(green bars), opiorphin (red bars) and morphine (blue bars). There was no significant difference in Ptot compared to baselines in any of
the three groups. The Ptot in morphine group rats significantly decreased after an injection of naloxone. Superscripts represent significant
differences. Note 1: Mean values with at least one common letter over the error bars, within the each time-point, did not differ significantly (p > 0.05).
Note 2: Baseline = Ptot before the drug administration; TS post drug = Ptot after an i.v. injection of normal saline, opiorphion or morphine during thermal
nociceptive stimulus; ES post drug = Ptot after an i.v. injection of normal saline, opiorphin or morphine during electrical nociceptive
stimulus; TS post nal = Ptot after a s.c. injection of naloxone

Fig. 6 Least square means for the spectral edge frequency (F95) during thermal (TS) and electrical stimulus (ES) in rats injected with normal saline
(green bars), opiorphin (red bars) and morphine (blue bars). There was a significant increase in F95 in normal saline rats. There was a significant
increase in F95 post naloxone injection in morphine administered rats, both during electrical and thermal stimulus. There was no such difference
observed in opiorphin group rats. Superscripts represent significant differences. Note 1: Mean values with an asterisk over the error bars differed
significantly (p < 0.05) from their respective baseline values. Note 2: Mean values with at least one common letter over the error bars, within the
each time-point, did not differ significantly (p > 0.05). Note 3: Baseline = F95 before the drug administration; TS post drug = F95 after an
i.v. injection of normal saline, opiorphion or morphine during thermal nociceptive stimulus; ES post drug = F95 after an i.v. injection of
normal saline, opiorphin or morphine during electrical nociceptive stimulus; TS post nal = F95 after a s.c. injection of naloxone
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effects. A continuous infusion of naloxone has been rec-
ommended to reverse the effects of the long acting potent
opioid agonists [22]. The morphine group was injected
only one IV bolus dose of morphine. A low dose continu-
ous IV infusion of morphine may mimic the effects of
continuous production of endogenous opioids, which was
not followed in this current study.
Opiorphin caused a significant increase in tail flick la-

tency of rats of the present study. This finding corrobo-
rates with the previously published studies in rats [2, 5].
The neurologic (reflexive) mechanisms that the tail flick
test measures have been demonstrated to be spinally me-
diated responses to noxious stimuli [23]. This indicates
the spinal analgesic effect of opiorphin in our study rats.
In this study the hot plate test was used to evaluate

the supra-spinal analgesia of opiorphin, which did not
show any analgesic effect of opiorphin. Wisner et al. [3]
used mechanical nociceptive stimulus for assessing
supraspinal analgesia after administration of opiorphin
and morphine to rats, and found a significant increase in
time spent on the pin areas (indicating analgesia) in both
the opiorphin and morphine rats. The morphine injected
rats spent higher time on the pin areas than opiorphin
injected rats. Rougeot et al. [2] used formalin test as
chemical induced peripheral inflammatory pain model
and found significant reduction in paw flinches and body
tremors after IV administration of opiorphin at 2 mg/kg.
In case of morphine, a similar effect was seen, but the
numbers of paw tremors was less, compared to opior-
phin. Both these studies found morphine to have similar
or better analgesic effect as compared to opiorphin.
Opiorphin inhibits the activity of enkephalinase en-
zymes, further increasing the half-life of endogenous
opioids peptides. The release of endogenous opioids de-
pends on the type and intensity of the nociceptive stimu-
lus. The endogenous opioids may not completely
activate the opioids receptors. Thus, opiorphin may not
exert a similar level of analgesia as compared to mor-
phine. The present report was the only study that used
hot plate test for assessing the supra-spinal effects of
opiorphin. The lack of effect of opiorphin at supra-
spinal level (as assessed in the hot plate test) could also
be due to the reduced permeability of the blood brain
barrier to the peptides [24] or a lower dose of opiorphin.
Bocsik et al. [25] demonstrated that only 3% of total IV
dose of opiorphin crosses the blood brain barrier as
compared to 26 to 40% of IV dose of morphine. The
peptides can easily cross the blood spinal cord barrier
due to reduction in pericytes as compared to the blood
brain barrier [26]. Thus, the blood spinal cord barrier is
more permeable as compared to the blood brain barrier
and that could be the reason why opiorphin exhibited
significant analgesic effect in the tail flick test, but not in
the hot plate test.

In this study, three methods have been used to test the
efficacy of opiorphin in rats. The hot plate and the EEG
results contradicted each other in opiorphin group rats.
This could be due to the nature of these two tests. The
EEG measures the electrical activity of the cerebral cor-
tex. It can indirectly reflect the activity of the lower cen-
tres of the brain (e.g. brain stem areas like thalamus,
PAG, RVM etc.) that have diffuse connections with the
spinal nociceptive pathways. These brain stem structures
have a potential regulatory influence on cortical neur-
onal activity especially during periods of unconscious-
ness and anaesthesia [27, 28]. In the current study, the
EEG has been recorded in anaesthetized rats. It is likely
that the anti-nociceptive effect of the opiorphin demon-
strated in EEG responses, might be due to its potent ef-
fect on spinal nociceptive mechanisms that has been
reflected indirectly through diffuse connections with the
cortical neurons. It is also possible that opiorphin might
have a weak anti-nociceptive effect at supra spinal level
due to its low permeability to blood brain barrier. The
EEG could represent the combined effect of opiorphin
at both spinal and supra spinal levels inhibiting changes
in F50 and F95. Other objective (experimental) methods
such as measuring the changes in electromyographic re-
flex thresholds [29] and expression of the neural marker
of nociception, c-fos [30, 31] would further delineate the
neural basis of the antinociceptive effects of opiorphin.
In this study, only one dose of opiorphin (2 mg/kg) was
tested based on the dose response curves previously re-
ported [2, 3]. A dose response curve of opiorphin using
the hot plate test should be conducted for further evalu-
ation of supraspinal analgesia due to opiorphin adminis-
tration. The hot plate test is a behavioural test in
conscious subjects. The behavioural endpoints in rats as-
sociated with the hot plate test are complex and difficult
to interpret which adds variability to the outcome of the
test, as can learning. EEG is a more sensitive test as
compared to the hot plate test.
One important factor that may influence the thermal

test latencies in this study is the sex of the study rats.
Previous studies have demonstrated the differences in
pain perception between male and female rats and mice
in a formalin induced pain model [32, 33]. Intact females
showed significantly more nociceptive responses than in-
tact males. In contrast, the influence of sex difference on
hot plate latencies has been reported to be non-
significant in rats [12]. In female rats, the stage of
oestrous cycle may also affect the behavioural responses
to nociceptive pressure stimuli [34], and the hot plate la-
tencies [35]. When the rats were tested during the
oestrus phase of the cycle a significant reduction in la-
tencies was detected. In mice, the influence of stage of
oestrous cycle on responses to formalin induced noci-
ception was reported to be non-significant [32]. Based
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on the variable findings of the previous studies in rats
and mice it appears that the influence of the sex and
stage of the oestrous cycle on pain responses is
dependent on the type of noxious stimulation and ani-
mal. It is likely that the thermal latencies reported in the
female rats of the present study might differ in male rats
but the significance of the difference is unknown.

Conclusion
There are several dual enkephalinase inhibitors currently
under clinical trials show promising results in their pre-
clinical studies [1]; especially orally administered P37
[36] which has potential to replace opioid pain manage-
ment protocols in diabetic neuropathy.
Further research is required to enable to use opiorphin

for clinical pain management. There is a need to conduct
a proper pharmacokinetic study to know the half-life, dis-
tribution and elimination of opiorphin in the target spe-
cies. The rapid breakdown of opiorphin peptide could be
a hindrance in testing its analgesic efficacy. A different
drug delivery approach may be required to make it a vi-
able candidate for a new class of analgesic drugs.

Additional files

Additional file 1: SAS output OPOR rats. Description: SAS output file for
statistical analysis of EEG data acquired during this study. (MHT 280 kb)

Additional file 2: Tail flick and hot plate results. Description: SAS output
file for statistical analysis of tail flick and hot plate data acquired during
this study. (MHT 145 kb)

Abbreviations
AP-N: Amino-peptidase N; EEG: Electroencephalogram; F50: Median
Frequency; F95: Spectral edge frequency; IV: Intravenous; NEP: Endopeptidase;
PBS: Phosphate buffer saline; Ptot: Total power; SC: Subcutaneous

Acknowledgments
We acknowledge Aimee Hamlin and Margaret Brown, staff of Small Animal
Production Unit, Massey University, for routine care and husbandry of rats
used in these studies. Prof Patrick Morel for translating manuscripts written
in French to English.

Funding
The studies were funded by Massey University Research Funds.

Availability of data and materials
The datasets analyzed are available as Additional files 1 and 2.

Authors’ contributions
PS designed the study, prepared the animal ethics and funding applications,
conducted the study and participated in manuscript preparation and
revision. KK helped in animal ethics, preparation and revision of the
manuscript and conducted and designed the EEG studies. NW helped in
acquisition of data in the hot plate and tail flick studies. CJ participated
in animal ethics, study design, manuscript review and EEG studies. DH
peptide synthesis and participated in study design and funding application. RD
helped in statistical analysis. PC helped in designing and conducting the studies
as well as in manuscript revisions. All the authors reviewed and accepted the final
manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The studies reported in the current manuscript were approved by the
Massey University Animal Ethics Committee (protocols 14/86 and 15/106).

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Massey University, Institute of Veterinary, Animal and Biomedical Sciences,
Palmerston North, New Zealand. 2Massey University, Institute of Fundamental
Sciences, Palmerston North, New Zealand.

Received: 15 October 2017 Accepted: 13 April 2018

References
1. Roques BP, Fournié-Zaluski M-C, Wurm M. Inhibiting the breakdown of

endogenous opioids and cannabinoids to alleviate pain. Nat Rev Drug
Discov. 2012;11:292–310.

2. Rougeot C, Robert F, Menz L, Bisson J-F, Messaoudi M. Systemically active
human opiorphin is a potent yet non-addictive analgesic without drug
tolerance effects. J Physiol Pharmacol. 2010;61:483–90.

3. Wisner A, Dufour E, Messaoudi M, Nejdi A, Marcel A, Ungeheuer M-N, et al.
Human Opiorphin, a natural antinociceptive modulator of opioid-dependent
pathways. Proc Natl Acad Sci U S A. 2006;103:17979–84. pnas.org

4. Pinto M, Rougeot C, Gracia L, Rosa M, García A, Arsequell G, et al. Proposed
bioactive conformations of opiorphin, an endogenous dual APN/NEP
inhibitor. ACS Med Chem Lett. 2012;3:20–4.

5. Popik P, Kamysz E, Kreczko J, Wróbel M. Human opiorphin: the lack of
physiological dependence, tolerance to antinociceptive effects and abuse
liability in laboratory mice. Behav Brain Res. 2010;213:88–93.

6. Rougeot C, Messaoudi M. Identification of human opiorphin, a natural
antinociceptive modulator of opioid-dependent pathways. Med Sci (Paris).
2007;23:37–9. EDK

7. Dufour E, Villard-Saussine S, Mellon V, Leandri R, Jouannet P, Ungeheuer
MN, et al. Opiorphin secretion pattern in healthy volunteers: gender
difference and organ specificity. Biochem Anal Biochem. 2013;2:1000136.

8. Bogeas A, Dufour E, Bisson J-F, Messaoudi M, Rougeot C. Structure-activity
relationship study and function-based peptidomimetic design of human
opiorphin with improved bioavailability property and unaltered analgesic
activity. Biochem Pharmacol. 2013;2:2167–0501.

9. Mennini N, Mura P, Nativi C, Richichi B, Di Cesare Mannelli L, Ghelardini C.
Injectable liposomal formulations of opiorphin as a new therapeutic
strategy in pain management. Future Sci OA. 2015;1(3):FSO2. https://doi.org/
10.4155/fso.14.3.

10. Benyhe Z, Toth G, Wollemann M, Borsodi A, Helyes Z, Rougeot C, et al.
Effects of synthetic analogues of human opiorphin on rat brain opioid
receptors. J Physiol Pharmacol. 2014;65:525–30.

11. Tian X-Z, Chen J, Xiong W, He T, Chen Q. Effects and underlying
mechanisms of human opiorphin on colonic motility and nociception in
mice. Peptides. 2009;30:1348–54.

12. Gunn A, Bobeck EN, Weber C, Morgan MM. The influence of non-
nociceptive factors on hot-plate latency in rats. J Pain. 2011;12:222–7.

13. Ong RM, Morris JP, O'Dwyer JK, Barnett JL, Hemsworth PH, Clarke IJ.
Behavioural and EEG changes in sheep in response to painful acute
electrical stimuli. Aust Vet J. 1997;75:189–93.

14. Chen AC, Dworkin SF, Haug J, Gehrig J. Topographic brain measures of
human pain and pain responsivity. Pain. 1989;37:129–41.

15. Murrell JC, Johnson CB. Neurophysiological techniques to assess pain in
animals. J Vet Pharmacol Ther. 2006;29:325–35. Blackwell Publishing Ltd

16. Kongara K, McIlhone A, Kells N, Johnson C. Electroencephalographic
evaluation of decapitation of the anaesthetized rat. Lab Anim. 2014;48:15–9.
SAGE Publications

17. Fu S, Tar MT, Melman A, Davies KP. Opiorphin is a master regulator of the
hypoxic response in corporal smooth muscle cells. FASEB J. 2014;28:
3633–44.

Singh et al. BMC Neurology  (2018) 18:43 Page 9 of 10

https://doi.org/10.1186/s12883-018-1047-y
https://doi.org/10.1186/s12883-018-1047-y
https://doi.org/10.4155/fso.14.3
https://doi.org/10.4155/fso.14.3


18. Parle M, Yadav M. Laboratory models for screening analgesics. Int Res J
Pharm. 2013;4:15–9.

19. Valverde, A., Dyson, D.H., McDonnell, W.N., 1989. Epidural morphine reduces
halothane MAC in the dog. Can. J. Anaesth. 36, 629–632.

20. Littell, R.C., Henry, P.R., Ammerman, C.B., 1998. Statistical analysis of repeated
measures data using SAS procedures. J. Anim. Sci. 76, 1216–1231.

21. Ludwig O. Blom, Gunnar: statistical estimates and transformed beta-
variables. Wiley/New York, Almquist und Wiksell/Stockholm 1958. Biom J.
1961;3:285.

22. van Dorp ELA, Yassen A, Dahan A. Naloxone treatment in opioid addiction:
the risks and benefits. Expert Opin Drug Saf. 2007;6:125–32.

23. Sora I, Takahashi N, Funada M, Ujike H, Revay RS, Donovan DM, et al. Opiate
receptor knockout mice define mu receptor roles in endogenous
nociceptive responses and morphine-induced analgesia. Proc Natl Acad Sci
U S A. 1997;94:1544–9. National Acad Sciences

24. Banks WA. Peptides and the blood-brain barrier. Peptides. 2015;72:16–9.
25. Bocsik A, Darula Z, Tóth G, Deli MA, Wollemann M. Transfer of opiorphin

through a blood-brain barrier culture model. Arch Med Res. 2015;46:502–6.
26. Winkler EA, Sengillo JD, Bell RD, Wang J, Zlokovic BV. Blood-spinal cord

barrier pericyte reductions contribute to increased capillary permeability. J
Cereb Blood Flow Metab. 2012;32:1841–52. SAGE Publications

27. Antognini JF, Atherley R, Carstens E. Isoflurane action in spinal cord
indirectly depresses cortical activity associated with electrical stimulation of
the reticular formation. Anesth Analg. 2003;96:999–1003. tableofcontents

28. Antognini JF, Wang XW, Carstens E. Isoflurane action in the spinal cord
blunts electroencephalographic and thalamic-reticular formation responses
to noxious stimulation in goats. Anesthesiology. 2000;92:559–66.

29. Benoist J-M, Keime F, Montagne J, Noble F, Fournié-Zaluski M-C, Roques BP,
et al. Depressant effect on a C-fibre reflex in the rat, of RB101, a dual inhibitor
of enkephalin-degrading enzymes. Eur J Pharmacol. 2002;445:201–10.

30. Harris JA. Using c-fos as a neural marker of pain. Brain Res Bull. 1998;45:1–8.
31. Le Guen S, Noble F, Fournié-Zaluski M-C, Roques BP, Besson J-M, Buritova J.

RB101(S), a dual inhibitor of enkephalinases does not induce antinociceptive
tolerance, or cross-tolerance with morphine: a c-Fos study at the spinal
level. Eur J Pharmacol. 2002;441:141–50.

32. Kim SJ, Calejesan AA, Li P, Wei F, Zhuo M. Sex differences in late behavioral
response to subcutaneous formalin injection in mice. Brain Res. 1999;
829:185–9.

33. Gaumond I, Arsenault P, Marchand S. The role of sex hormones on
formalin-induced nociceptive responses. Brain Res. 2002;958:139–45.

34. Kayser V, Berkley KJ, Keita H, Gautron M, Guilbaud G. Estrous and sex
variations in vocalization thresholds to hindpaw and tail pressure
stimulation in the rat. Brain Res. 1996;742:352–4.

35. Stoffel EC, Ulibarri CM, Craft RM. Gonadal steroid hormone modulation of
nociception, morphine antinociception and reproductive indices in male
and female rats. Pain. 2003;103:285–302.

36. Tesfaye S. PL37: a new hope in the treatment of painful diabetic
neuropathy? Pain Management. 2016;6:129–32. Future Medicine Ltd
London, UK

Singh et al. BMC Neurology  (2018) 18:43 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Tail flick and hot plate tests
	EEG recording
	Statistical analyses

	Results
	Tail flick test
	Hot plate test
	EEG responses

	Discussion
	Conclusion
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

