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Abstract The adverse side-effects associated with opioid

administration restrain their use as analgesic drugs and call

for new solutions to treat pain. Two kyotorphin derivatives,

kyotorphin-amide (KTP–NH2) and ibuprofen–KTP–NH2

(IbKTP–NH2) are promising alternatives to opioids: they

trigger analgesia via an indirect opioid mechanism and are

highly effective in several pain models following systemic

delivery. In vivo side-effects of KTP–NH2 and IbKTP–NH2

are, however, unknown and were evaluated in the present

study using male adult Wistar rats. For comparison purposes,

morphine and tramadol, two clinically relevant opioids, were

also studied. Results showed that KTP-derivatives do not

cause constipation after systemic administration, in contrast

to morphine. Also, no alterations were observed in blood

pressure or in food and water intake, which were only

affected by tramadol. A reduction in micturition was detec-

ted after KTP–NH2 or tramadol administrations. A moderate

locomotion decline was detected after IbKTP–NH2-treat-

ment. The side-effect profile of KTP–NH2 and IbKTP–NH2

support the existence of opioid-based mechanisms in their

analgesic actions. The conjugation of a strong analgesic

activity with the absence of the major side-effects associated

to opioids highlights the potential of both KTP–NH2 and

IbKTP–NH2 as advantageous alternatives over current

opioids.
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Abbreviations

BBB Blood–brain barrier

BP Blood pressure

CNS Central nervous system

DMSO Dimethyl sulfoxide

i.p. Intraperitoneal

KTP Kyotorphin (Tyr-Arg)

KTP–NH2 Kyotorphin–amide

IbKTP–NH2 KTP–NH2 linked to ibuprofen

MCs Metabolic cages

SBP Systolic blood pressure

SEM Standard error of the mean

Introduction

Opium and its alkaloids are powerful centrally acting com-

pounds in the treatment of chronic pain. In parallel, they

trigger several side-effects, such as constipation, nausea,
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urinary retention, motor impairment, respiratory depression,

addiction, and tolerance. Of these, constipation and nausea

occur the most frequently (Benyamin et al. 2008; Stratton Hill

1997). In addition, the development of tolerance after chronic

administration of opioids leads to dose escalation, which

increases the incidence and severity of all side-effects. These

problems lead clinicians to restrain the prescription of opioids

to relieve pain (Jaffe and Martin 1990; Stein et al. 2003).

Therefore, the development of potent analgesic drugs with

fewer side-effects than classic opioids is greatly needed and

requires a large focus of research.

Naturally occurring opioid peptides, such as endorphins,

encephalins and endomorphins, are potential substitutes of

exogenous opioids for pain relief (Gentilucci 2004; Jane-

cka et al. 2010; Ribeiro et al. 2011c). Kyotorphin (KTP;

L-Tyr–L-Arg), first isolated from bovine brain in 1979, is

one example. This dipeptide plays an important role in pain

regulation at the central nervous system (CNS) via an

opioid-mediated mechanism (Takagi et al. 1979a, b). The

remarkable analgesic activity of KTP in animal models was

observed only when the molecule was directly injected into

the brain (Shiomi et al. 1981), which is a consequence of its

reduced ability to cross the blood–brain barrier (BBB).

To improve KTP delivery to CNS, we have recently suc-

ceeded in designing two new KTP-derivatives: KTP–amide

(KTP–NH2) and KTP–NH2 linked to ibuprofen

(IbKTP–NH2) (Ribeiro et al. 2011a, b). Following systemic

administration in acute pain models, KTP–NH2 and

IbKTP–NH2 exhibited analgesic activity similar to mor-

phine, and lower tolerance (Ribeiro et al. 2011a, b). Here,

side-effects typically associated to opioid administration

were evaluated in vivo following a single administration of

either KTP–NH2, IbKTP–NH2, morphine or tramadol.

Morphine and tramadol are two commonly prescribed

opioid drugs. Although several such drugs are nowadays

available for prescription, morphine still remains the gold

standard in analgesia (Benyhe 1994). Tramadol, a centrally

acting analgesic drug mediated by both opioid and non-

opioid mechanisms (Grond and Sablotzki 2004; Miranda

and Pinardi 1998), has proven effective in different types of

moderate to severe pain. This drug displays a safer side-

effect profile than morphine, with lower incidence of

constipation, sedation and tolerance (Dworkin et al. 2007).

In the present work, the metabolic profile of KTP–NH2

and IbKTP–NH2 was assessed in vivo, with particular

attention to the gastrointestinal function. Drugs’ effects on

micturition, water and food intake, locomotion and car-

diovascular function were also studied. Our data show that

KTP-derivatives do not cause the major adverse side-

effects of opioid drugs. These safer side-effect profiles,

along with strong analgesic activity and ability to cross the

BBB, enforce the potential of KTP–NH2 and IbKTP–NH2

as future drugs to treat pain.

Materials and methods

Compounds

The peptides KTP–NH2 and IbKTP–NH2 were synthesized

as described elsewhere (Ribeiro et al. 2011a, b). Tramadol

and morphine hydrochloride were obtained as pre-made

solutions ready for injection (i.e. injectable ampoules;

Labesfal Laboratórios, Portugal). All the compounds were

dissolved or diluted in physiological saline solution (0.9 %

NaCl containing 5 % of dimethyl sulfoxide, DMSO) prior

to intraperitoneal (i.p.) injection (in a dosing volume of

1 mL/kg body weight). At the day of the experiment, ani-

mals were divided into groups according to the injected

compound (single i.p. dose): KTP–NH2 (32.3 mg/kg = 96

lmol/kg), IbKTP–NH2 (24.2 mg/kg = 46 lmol/kg), mor-

phine (5 mg/kg) and tramadol (10 mg/kg). The control

group was i.p. injected with the vehicle: saline solution

containing 5 % of DMSO. Selected doses of KTP-derivatives

and morphine were previously optimized with antinoci-

ception studies (Ribeiro et al. 2011a, b), whereas the

selected tramadol dose was chosen for its efficacy in rats

when i.p. administered (Apaydin et al. 2000; Bianchi and

Panerai 1998). These doses were chosen for inducing

comparable levels of analgesia in rats after i.p. injection.

Animals

Experiments were performed on adult male Wistar rats

(Harlan Ibérica, Spain) weighing between 253 and 340 g.

Animals were housed together in groups with unrestricted

access to water and food, and under controlled temperature

and light conditions (22 ± 2 �C; lights on between 7 a.m.

and 7 p.m.). All experiments were conducted during the

light period of the 12:12 h cycle. In order to induce

habituation to the researcher and to reduce stress, each

animal was gently handled daily in the test room for at least

3 days prior to testing and was brought to the same room

2 h before the experiments. To induce habituation to the

metabolic cage (MC) apparatus, animals were individually

housed (1 rat per MC) for 24 h. All experiments were

carried out in accordance with the guidelines of the Euro-

pean Community Council Directive (86/609/EEC), and

were approved by the Portuguese Competent Authority for

Animal Welfare (Direcção Geral de Veterinária) and the

Ethical Committee of the Faculty of Medicine, University

of Lisbon, for animal research.

Metabolic study

The metabolic study was performed using metabolic cages

(Tecniplast, Italy), circular engineered cages whose design

allows collecting and measuring faeces and urine
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separately (funnelled into underside cylinders) as well as

food and water intake. Animals were i.p. administered with

each of the compounds or vehicle and immediately placed

in the MC (1 rat/cage). Ad libitum access to a known

amount of water (150 mL) and food (40 g) was available

via a graduated drinking tube and a feeder chamber,

respectively. The testing period was 6 h. This time period

was chosen so as to cover the lifetimes of the compounds’

analgesic activity and of their metabolization. At the end of

the testing period, the remaining amount of water and food

as well as the faecal pellets and urine expelled were

quantified and registered. The urine pH was also measured

using a pH universal indicator (Merck).

Evaluation of locomotion

Evaluation of locomotor function was performed with an

open field apparatus and carried out in a quiet and diffusely

lit room with each group equally represented at the time of

testing. The open field arena was an empty square box

(67 9 67 9 51 cm high). Animals were i.p. administered

with one of the compounds or with the vehicle. Fifteen

minutes later, rats were placed individually in the centre of

the arena, and their behaviour was video-recorded for

5 min using a camera mounted on the ceiling above the

open field box. This 5-min time period is known to

emphasize mice/rats exploratory behaviour (Gould et al.

2009), as well as to be appropriate to detect significant

hyperactivity or behavioural sedation (Crawley 2007).

Animal tracking along the different areas on the open field

arena was analysed using the software Smart, version

2.5.10 (Panlab, S.L.U, Barcelona, Spain). For motor per-

formance analysis, the arena was virtually divided into

three concentric squares: borders (near the walls), periph-

ery and centre. For the evaluation of the number of

crossings, the open field arena was also virtually divided

into 16 equal rectangles, and the number of times each

animal crossed between two areas was measured. This

analysis is independent of the squares being at the centre or

at the periphery of the arena (Tuon et al. 2008). Results are

shown as average velocity, % time spent resting, number of

crossings and % time spent in the centre of the arena. Each

animal was considered to be resting if the mean velocity

was \3 cm/s. Average velocity is the mean velocity with

the resting time excluded.

Blood pressure evaluation

The effects of KTP–NH2 and IbKTP–NH2 in blood pres-

sure (BP) were evaluated according to previous protocols

using the non-invasive tail-cuff method (Tavares et al.

1997). Briefly, after a training period of 7 days, the rats

were inserted into a restrainer (LE 5610, Panlab S.I.,

Barcelona, Spain) and placed on a heating pad at 38 �C for

10–15 min. A tail-cuff detector (LE 5008 05PL Panlab S.I.,

Barcelona, Spain) was positioned on the animals’ tail. Five

BP measurements were collected as baseline values for

each animal. Animals were unrestrained and allowed to

recover for 10 min, after which they were injected i.p. with

32.3 mg/kg of KTP–NH2 or 24.2 mg/kg of IbKTP–NH2.

Five BP measurements were obtained 15, 30 and 60 min

after administration.

Statistical analysis

Data are represented as the groups’ mean ± SEM (stan-

dard error of the mean). The significance of differences

between groups was analysed with one way ANOVA fol-

lowed by Tukey’s multiple comparison test. The signifi-

cance of differences in each group was analysed with

Friedman’s test followed by Dunn’s multiple comparison

test. All statistical analyses were calculated with Prism

Software (GraphPad Software, version 5).

Results

Metabolic study

The metabolic response of Wistar male rats after

KTP-derivatives or opioids administration was assessed

using metabolic cages, which allowed accurate measure-

ment of metabolic intake and output—the ingestion of food

and water, and the production of faeces and urine. Morphine

administration led to a blockade of bowel function with a

total absence of faecal pellets for the whole 6-h period

(Fig. 1a). On the other hand, KTP–NH2-, IbKTP–NH2- and

tramadol-treated groups did not exhibit significant altera-

tions of this behaviour.

All tested compounds appear to cause a reduction in

urine output when compared to the control (Fig. 1b).

Statistical significance was, however, only obtained for

KTP–NH2—and tramadol—treated animals. Urine pH

measurement detected no statistical difference between the

groups, with values ranging from 6.5 to 8.0 randomly. In

addition to reducing voiding, tramadol was the only drug that

changed eating and thirst patterns by causing a significant

increase in the quantities of food and water intake (Fig. 2).

Evaluation of locomotion

The locomotion behaviour of animals after administration

of KTP-derivatives, morphine and tramadol was recorded

in an open field apparatus. Although no differences

between groups were observed regarding the average

velocity (Fig. 3a), IbKTP–NH2 treated animals spent more
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time resting (Fig. 3b) and displayed a lower number of

crossings between areas (Fig. 3c), which suggests the

occurrence of motor impairments. Also, these animals were

the only ones with a reduced time spent in the centre of the

arena (Fig. 3d). KTP–NH2 and opioids morphine and

tramadol did not affect the evaluated locomotion

parameters.

Blood pressure evaluation

The effects of KTP–NH2 and IbKTP–NH2 in systolic BP

are shown in Fig. 4. KTP–NH2 induced a transient and

non-statistically significant increase in BP 15 min after

injection (83.33 ± 26.84 mmHg), after which BP values

decreased to baseline values. IbKTP–NH2 induced a tran-

sient and non-significant decrease in BP values 15 min

following injection (35.00 ± 13.05 mmHg) after which BP

values returned to baseline values. No differences from

baseline values were detected 60 min after the injection of

KTP–NH2 or IbKTP–NH2.

Discussion

Improving the safety of opioid-like drugs, currently of

limited applicability due to major side-effects, is cru-

cial for further pharmaceutical development. In this

work, two new kyotorphin derivatives, KTP–NH2 and

IbKTP–NH2, were studied regarding their side-effect

profiles and compared with the widely used opioids

morphine and tramadol.

The absence of constipation after KTP–NH2 and

IbKTP–NH2 injection is an important advantage of these

peptides over many opioids, namely morphine. The con-

stipation observed as a result of morphine administration is

mainly related to morphine’s high affinity to l-opioid

receptors (Reimer et al. 2009). Tramadol, on the other hand

and in spite of its l-agonist activity, has about 6,000-fold

lower affinity for l receptors than morphine. This may

explain the maintenance of gastrointestinal motility in

tramadol-treated animals (Benyamin et al. 2008; Grond and

Sablotzki 2004).
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Both KTP–NH2 and tramadol lowered the micturition

volume. Opioid-receptor mediated inhibition of micturition

can occur mainly at the CNS, caused by stimulation of

l-opioid receptors but also d receptors (Pandita et al.

2003). Therefore, KTP–NH2 results agree with previous

data regarding the central activity of this peptide through

opioid pathways (Ribeiro et al. 2011a). It should be stres-

sed that KTP–NH2 has probably a minor physiological

effect since urine output reduction did not result in major

urinary retention because increases in blood pressure were

not triggered. On the other hand, IbKTP–NH2 did not cause

a similar effect. However, the molar concentration dose of

IbKTP–NH2 used is about half of the KTP–NH2. Also,

non-steroidal anti-inflammatory drugs, like ibuprofen, do

not induce urinary retention (Cole et al. 1988; Malinovsky

et al. 1998). This may provide at least a partial explanation

for the differences between the effect of KTP–NH2 and

IbKTP–NH2 in urinary retention.

As to tramadol, doses up to 10 mg/kg were previously

reported to increase bladder storage capacity without

impairing bladder emptying (Pandita et al. 2003), which

may explain the reduction in urine output observed. This

effect is possibly due to supraspinal l-opioid receptor

activation and 5-hydroxytryptamine reuptake inhibition

(Pandita et al. 2003). Such activity of tramadol is poten-

tially interesting in the treatment of detrusor overactivity

and nocturia. Similarly, the KTP–NH2 effect may suggest

interesting properties for the treatment of micturition

disturbances.

Our study revealed that only tramadol changed eating

and thirst patterns, causing an increase in both. Increase in

water intake might be related to dry mouth, a frequent side-

effect of tramadol (Grond and Sablotzki 2004). Further

interpretation of data is hampered because the role of
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opioids in ingesting and drinking behaviour is still unclear

(Yeomans and Gray 2002). Nevertheless, the fact that none

of the KTP-derivatives affected food and water intake is a

clear benefit especially because humans subjected to opioid

treatment are frequently bedridden or have reduced motility.

Locomotion studies revealed that IbKTP–NH2 impairs

motor capacities and may eventually induce an anxiogenic

effect because IbKTP–NH2 treated animals spent less time

in the centre of arena (Belzung 1999; Gould et al. 2009;

Stohr et al. 1998). KTP–NH2, on the other hand, did not

change the parameters evaluated, which supports previ-

ously published locomotion data using the Rotarod-test

(Ribeiro et al. 2011a). Therefore, one can conclude that

KTP amidation brings no adverse effects regarding loco-

motor capacities. Original kyotorphin itself was shown not

to induce ataxia, catalepsy or hypermobility in rats and

goldfish (Kolaeva et al. 2000). Structurally, the only dif-

ference between KTP–NH2 and IbKTP–NH2 resides on the

ibuprofen residue. Simultaneous administration of ibupro-

fen and opioids, mainly hydrocodone, is commonly used in

clinical settings as this improves analgesic performance

(Kolesnikov et al. 2003). However, some adverse effects

are also associated with this treatment: anxiety, nausea and

sleepiness, which are probably a synergistic combination of

the side-effects of the two drugs. The results reported here

for IbKTP–NH2 treated animals in the open field test may

be due to a similar synergistic effect of an opioid-like

analgesic, kyotorphin, and ibuprofen. Nevertheless, these

motor alterations do not interfere with the conclusion that

IbKTP–NH2 is an analgesic substance, since the nocicep-

tive activity of neurons at the spinal cord is lower in

IbKTP–NH2 treated animals (Ribeiro et al. 2011b).

As to possible cardiovascular effects of KTP–NH2 and

IbKTP–NH2, the present data did not show any alterations

in blood pressure. This agrees with our preliminary data for

KTP–NH2 obtained 30 min after administration (Ribeiro

et al. 2011a) and with results obtained with unmodified

KTP: a transient and dose-dependent BP increase was

detected after intracerebroventricular injection, but sys-

temic administration did not cause any effects on BP

(Summy-Long et al. 1998). These data show that amidation

and conjugation of KTP with ibuprofen do not lead to

cardiovascular effects of the peptide. Due to ethical con-

straints on the use of laboratory animals, the effects of

morphine and tramadol in cardiovascular parameters were

not evaluated since the literature provides extensive and

clear data on their effects on BP. As to morphine, all

studies performed with systemic administration reported

effects on BP with the main difference depending on

whether the animal is anaesthetized or not. For example,

i.v. administration of morphine (0.1–2.5 mg/kg) in rats

lightly anesthetized with pentobarbital sodium (Randich

et al. 1991) induced dose-dependent hypotension. Gomes

and colleagues stated that i.v. morphine (10 mg/kg)

transiently increased BP in conscious rats whereas in

anaesthetized animals hypotensive responses were obtained

even with low doses (1 mg/kg) (Gomes et al. 1976). In the

dose used in the present study (5 mg/kg), morphine was

shown to produce a short lasting hypotension in non-anaes-

thetized animals (Gomes et al. 1976). As to tramadol, it is

considered haemodynamically stable (Mildh et al. 1999) but

at high doses (5 and 10 mg/kg) cardiac depression and

hypotension are induced (Raimundo et al. 2006). The present

experiments allow us, therefore, to conclude that KTP–NH2

and IbKTP–NH2 do not appear to induce effects in BP,

suggesting that they do not stimulate cardiovascular effects.

In this work, we characterized the side-effect profile of

new KTP-derivatives and showed their advantages over

opioids morphine and tramadol. Data reported here clearly

demonstrate that KTP-derivatives display a safer side-

effect profile and give further evidence on the mechanisms

of action of these peptides, in agreement with previously

obtained results (Ribeiro et al. 2011a, b): (1) opioid

receptors are involved in KTP-derivatives mechanism of

action, (2) their activity is mainly at the CNS-level, (3)

KTP–NH2 does not cause motor impairment or blood

pressure changes, and (4) KTP-derivatives mechanisms of

action are distinct from those of classic opioids.

The only side-effect of KTP–NH2 is a reduction in

micturition, which may be exploited as a positive effect

in cases of detrusor overactivity. IbKTP–NH2 causes a

mild motor impairment that is, however, less harmful than

the collection of severe side-effects resulting from the

administration of morphine and tramadol. In conclusion,

KTP–NH2 and IbKTP–NH2 associate strong analgesic

activities with very important side-effect reduction when

compared to morphine and tramadol (Table 1), which

make them promising drugs for the future treatment of

pain.

Table 1 Comparative display of the side-effects following adminis-

tration of either KTP–NH2 (32.3 mg/kg), IbKTP–NH2 (24.2 mg/kg),

morphine (5 mg/kg), or tramadol (10 mg/kg)

Side-effect Tested compounds

KTP–

NH2

IbKTP–

NH2

Morphine Tramadol

Obstipation - - ? -

Micturition reduction ? - - ?

Food intake increase - - - ?

Water intake increase - - - ?

Motor impairment - ? - -

Blood pressure

alterations

- - ?a ?b

a From Gomes et al. (1976)
b From Raimundo et al. (2006)
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