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Summary

Endogenous opioid peptides take part in various functions 
as hormones or neuromodulators. In 1979, Takagi and his 
co-workers identified a new morphine-like substance - 
“kyotorphin” (Kyo) - a dipeptide synthesized in specific 
brain regions. The highest levels were found in the lower 
brain stem and dorsal spinal cord - areas closely associated 
with the pain regulatory system. The peptide binds to a 
specific receptor and induced Met-enkephalin release at 
rates of approximately four times the basal release. 
Literature data showed that Kyo receptor is identified in 
the membrane-preparations of the brain, which suggest 
that it plays a physiologically significant role in 
neurotransmission as a neurotransmitter/neuroregulator. 

+It is also transported by H -coupled peptide transporter 
PEPT2 across the BBB. The majority of research 
associated with kyotorphin relates to modulation of pain 
mechanisms via its ability to directly excite cortical 
neurons, and indirectly exert μ- and δ-opioid receptors to 
produce potent naloxone-reversible and long-lasting 
analgesia by releasing methionine-enkephalin (Met-Enk) 
and β-endorpins. However, Kyo has shown a wide 
dynamic range of bell-shaped dose-response curves in 
peripheral pain experiments. The effects of Kyo have been 
demonstrated to depend on different factors such as 
environmental temperature, animal species, experimental 
conditions, etc. They fall into two clearly identifiable 
groups: the ones, mediated via opioid peptides, and the 
opioid peptide-independent ones. It is certain that this 
peptide is a potent neuromodulator and its extensive 
actions, might, hopefully, stimulate consideration of 
possible therapeutic applications.
Key words: kyotorphin, synthesis, transport, receptors, 
metabolism, physiological effects

THE UNIQUE BRAIN DIPEPTIDE KYOTORPHIN – FROM DISCOVERY 
TO NOWADAYS

Isolation

In 1979, during the fractionation of bovine brain 
extracts, Takagi and his co-workers reported the 
existence of a new morphine-like substance. Its 
biochemical profile was different from any of other 
previously identified opioid peptides [1, 2]. 
Subsequently, this substance was isolated, 
investigated and shown to be a dipeptide, whose 
sequence is L-tyrosyl-L-arginine (Fig. 1). It was 
termed “kyotorphin” – an endorphin-like substance, 
discovered in Kyoto. Later Kyo was identified in the 
brain of other vertebrates such as mice, guinea pigs, 
rabbits, rats and humans [3-6].
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Fig. 1. The neuroactive dipeptide Kyotorphin (L-
tyrosyl-L-arginine) 

Kyo is localized in the synaptosomes. There 
exist two pathways for its formation in the brain: 
1) by a specific enzyme, kyotorphin synthetase, 
from its constituent amino acids, L-tyrosine (L-
Tyr) and L-arginine (L-Arg) (fig. 2) [7]; 

2+
2) by Ca -activated processing enzyme of the 
precursor protein [8].

Fig. 2. Kyotorphin formation by kyotorphin 
synthetase from L-Tyr and L-Arg dependent on ATP 

2+and Mg . L-Arg has rate-limiting or regulatory role 
in kyotorphin biosynthesis

Metabolism 

Kyotorphin is rapidly degraded into tyrosine and 
arginine in brain homogenates [9] and cytosol of 
synaptosomes [7, 10]. Degradation is effectively 
inhibited by bestatin, which is a specific inhibitor 
for cytosolic aminopeptidases [8]. 

Orawski A & Simmons W (1992) reported that 
the neuropeptide kyotorphin (Tyr-Arg) is 
degraded by rat brain synaptosomes via a 
synaptic membrane-bound peptidase which is 
inhibited by bestatin but not by amastatin. This 
kyotorphin-degrading enzyme appears to be 
novel, and can be distinguished from other 
known dipeptidases on the basis of substrate 
specificity, subcellular localization, and 
inhibition profile [11].

Two distinct kyotorphin-hydrolysing 
peptidases are identified - KHP I and KHP II. 

KHP I is a novel peptidase responsible for the 
major kyotorphin-degrading activity (95%) in the 
soluble fraction of rat brain. KHP II is indentical 
to an enkephalin aminopeptidase, which elicit a 
major enkephalin-hydrolysing activity in the 
brain, accounting for only 5% of the kyotorphin-
hydrolysing activity in the soluble brain [12]. 

Distribution

The distribution of kyotorphin synthetase highly 
correlates to that of kyotorphin levels in the rat 
brain, and also exists in the adrenal gland [7, 13]. 

Although there is no immunohistochemical 
mapping of kyotorphin-containing neurons in the 
brain, a regional distribution of the peptide was 
measured in homogenates of rat brain and spinal 
cord tissues, using high performance liquid 
chromatography (HPLC). There is data reported, 
that the highest levels are found in the midbrain, 
pons and medulla oblongata, corresponding with 
areas most sensitive to morphine and/or electrical 
stimulation-induced analgesia. Moderate 
concentrations of kyotorphin are present in the 
hypothalamus, where it may function to modulate 
the magnocellular neuroendocrine system. 
Kyotorphin contents were lower in the thalamus, 
cerebellum, hippocampus and striatum [4]. The 
dorsal part of the spinal cord had approximately 
double the amount of Kyo found in the ventral 
part (Table 1). 

When the results are expressed as a 
percentage of the total brain kyotorphin found in 
each section, the cortex seems to contain almost 
50%. The midbrain and pons plus medulla 
oblongata have relatively high amounts of 
kyotorphin - 16.9 and 25.0%, respectively. The 
contents in the other sections were of 
considerably smaller proportions. 

The concentration of this dipeptide appears to 
be high in the brain stem, and is closely related to 
the sites of opioid analgesia. However, fifty per 
cent of the total Kyo amount is found in the 
cerebral cortex, an area where the contents of 
opiate receptors and enkephalins is low. This 
suggest that Kyo has non-opioid actions without 
an accompanying enkephalin release.
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Table 1. Regional distribution of kyotorphin from the rat brain and spinal cord (according to Ueda et al., 1980). 

Receptor binding

Kyo represents a naturally occurring peptide with 
morph ine - l i ke  cha rac t e r i s t i c ,  whose  
pharmacological activity cannot be attributed to 
its binding to an opioid receptor. Kyotorphin is 
released from nerve endings with depolarizing 
stimuli, and binds to a specific receptor [14]. 
Kyotorphin receptors mediate an activation of 
phospholipase C (PLC) in synaptosomal 
membranes trough G , followed by an opening of i1

inositol 1,4,5-triphosphate (IP )-gated calcium 3

channels, located in the plasma membrane of 
nerve terminals, thereby directly leading to a 
production of action potential [15, 16].

Leu-Arg is a potent, pure synthetic antagonist 
of the kyotorphin receptor and antagonizes 
various Kyo-induced actions, yet having no 
effect, because it binds to Kyo receptor without 
activating PLC [17].

Kyo is actively taken up into nerve terminals. 
The uptake of Kyo showed properties, similar to 
those of classical neurotransmitters. The uptake 
was temperature- and energy- dependent, and 
significantly decreased by ouabain, which is 

+
known as an inhibitor of Na -dependent uptake 
mechanism. The mechanism is relatively specific 
for Kyo, because it was not affected by other 
neurotransmitters, their uptake inhibitors, 
tyrosine and arginine [14].

The evidence that Kyo receptor is identified in 
the membrane preparations of the brain and it is 
taken up into nerve terminals and released by 

depolaraizing stimuli supports the view that this 
peptide plays a role as a neurotransmitter/ 
neuromodulator. 

Blood-brain barrier (BBB)

Transmembrane transport of both endogenous 
and synthetic peptides is a critical determinant of 
their pharmacokinetics and biologic efficacy. 
Four different peptide transport systems have 
been described for the transfer of peptides across 
the BBB, and these are referred to as PTS-1, PTS-
2, PTS-3 and PTS-4 [18]. Recent molecular 
cloning studies have revealed the existence of 
two distinct peptide transporters, PEPT1 and 
PEPT2 [19].

Fujita et al. were the first to investigate the 
interaction of Kyo with brain peptide transporter, 
assessing their ability to compete with 

14
[ C]glycylsarcosine (Gly–Sar, a prototypical and 
peptidase resistant dipeptide widely used for 
functional studies of peptide transporters) uptake 
into synaptosomes. It was found that Kyo 
significantly inhibit the Gly–Sar uptake in a 
concentration-dependent manner. These 
literature data showed that Kyo was transported 

+
by H -coupled peptide transporter PEPT2 [19, 
20]. PEPT2, the high-affinity and low-capacity 
type transporter, is expressed mainly in the 
kidney. In addition, although Dieck et al. (1999) 
reported that PEPT2 mRNA is strongly 
expressed in astrocytes of the cerebral cortex, 
thalamus and hippocampus, its function in the 
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Region Tissue weight  
(mg) 

Kyotorphin content 
 
Concentration 
(ng/g tissue)  

Percentage of the 
total brain 

Brain    
Whole brain 1724.1 ± 10.0 261.9 ± 33.4 100 

Cortex 623.6 ±  16.5 367.1 ± 85.9 48.4 ± 8.5 
Striatum 159.4 ± 2.0 45.5 ± 8.2 1.7 ± 0.4 

Hippocampus 192.3 ± 8.4 61.8 ± 20,3 2.7 ± 0.7 
Thalamus 157.3 ± 4.1 119.3 ± 30.6 4.5 ± 1.5 

Hypothalamus 36.9 ± 1.4 391.8 ± 47.8 3.5 ± 0.8 
Midbrain 101.3 ± 2.6 719.5 ± 113.3 16.9 ± 2.8 

Pons + medulla 190.6 ± 8.0 556.5 ± 89.6 25.0 ± 4.5 
Cerebellum 262.7 ± 2.0 101.8 ± 25.2 6.4 ± 1.8 

Spinal cord    
Dorsal part 188.5 ± 8.5 405.1 ± 71.0 - 

Ventral part  172.7 ± 10.2  230.2 ± 37.7 - 

 



cerebral cortex is [21]. Recently, Berger and 
Hediger (1999) have shown that PEPT2 mRNA is 
expressed in the entire rat brain, and is localized 
in non-neuronal cells by means of in situ 
hybridization histochemistry [22]. 

Mechanism of kyotorphin-induced 
action

Kyotorphin is synthesized in specific brain 
regions where it may modulate synaptic 
transmission. Opioid systems may have mediated 
the effects of kyotorphin. The majority of 
research associated with kyotorphin relates to 
modulation of pain mechanisms via its ability to 
directly excite cortical neurons, and indirectly 
exert μ- and δ-opioid receptors to produce potent 
naloxone-reversible and long-lasting analgesia 
via releasing methionine-enkephalin (Met-Enk) 
and β-endorpins [1, 23, 24]. However, Kyo 
showed a wide dynamic range of bell-shaped 
dose-response curves in peripheral pain 
experiments [25].

Figure 3 shows possible mechanisms for Kyo 
and L-arginine nociceptive modulation in the 
CNS and periphery. L-Arginine, a semi-essential 
amino acid, localized predominantly in glial cells 
[26], is a substrate for enzymes in the central 
nervous system, two of which are nitric oxide 
synthase (NOS) required for the production of 
nitric oxide [27], and Kyo synthetase, which 
catalyzes the formation of Kyo [28]. Kyo is also 
metabolized to L-Arg – a possible substrate for 
inducible and neuronal NOS [29]. Some studies 
revealed that Kyo may be able to indirectly 
s t imulate  the re lease of  endogenous 
noradrenaline and 5-HT from nerve terminals of 
the descending monoaminergic neurons, 
mediated by activating the δ-oioid receptors, 
resulting in transmission blockade of the 
nociceptive information in the spinal cord [30].

Kyo-induced nociception is abolished by i.pl. 
injection with NK1 antagonists, by local 
pretreatment with capsaicin to deplete substance 
P (SP) from nociceptor endings, or in mice with 
targeted disruption of the tachykinin 1 gene. In 
this way, Kyo induced nociception through a SP 
release from SP-containing neurons [31, 32]. 
At the same time, it has been found that the action 
of Kyo on integrative brain functions in animals, 
particularly the exploratory activity in an open 
field, is not blocked by naloxone [33]. This fact 
indicates that such types of brain activity do not 
depend on the enkephalin-releasing mechanism 

of Kyo effects. The non-analgesic mechanisms 
of Kyo action remain poorly investigated. It can 
be assumed that the basis for these mechanisms is 
the interaction of Kyo with brain transmitter 
systems, the monoaminergic ones in particular 
(34). 

Fig. 3. Possible mechanisms for L-arginine 
nociceptive modulation in the CNS and periphery, 
and points of action of the inhibitors and blockers 
employed. KTP, kyotorphin; Met-Enk, methionine-
enkephalin. Points of action of inhibitors and 
blockers used: (1) L-leucyl-L-arginine; (2) 

Gnaltrindole and naloxone; (3) naloxone; (4) L-N -
nitroarginine methyl ester; (5) methylene blue 
(modified from Kawabata et al., 1993 [35]).

Physiological effects

The effects of Kyo have been shown to depend on 
different factors such as environmental 
temperature, animal species, experimental 
conditions, etc. [36-39]. On the basis of these 
data, Kyo has been regarded as a peptide of 
neuromodulatory action. The physiological 
effects of Kyo fall clearly into two groups: those 
mediated via opioid peptides and opioid peptide-
independent ones. 

It has been shown that kyotorphin is present in 
human cerebrospinal fluid and the concentrations 

-
in normal human CSF is 1.19 ± 0.51 pmol.ml 1. 
The peptide concentration is lower in patients 

-with persistent pain (0.24 ± 0.04 pmol.ml 1). The 
above results suggest that kyotorphin acts as a 
putative neuromediator and/or an endogenous 
pain modulator in the human brain [5].

Our previous experiments were carried out on 
male Wistar rats intraperitoneally or 
intracerebroventricullary injected with dipeptide 
Kyo, and its newly synthesized short-chain 
analogues Tyr-Cav, Tyr(Cl )-Cav, Leu-sArg and 2
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Tyr-sArg.  Antinociception was determined by 
test based on the use of mechanical stimuli (paw 
pressure test) and tests based on the use of 
thermal stimuli (tail flick and hot plate tests). The 
data obtained provide evidence that histamin- 
and nitricoxide-ergic systems and second 
messengers are involved in the antinociceptive 
action of the investigated dipeptides. Spinal and 
supraspinal regulatory mechanisms are also 
involved in the antinociceptive effects [40, 41]. 
The dipeptide kyotorphin  has been shown to 
have pain inhibitory properties, besides a wide 
spectrum of physiological effects in mammals, 
amphibia, and fish [34, 42-45].

Recent results suggest that kyotorphin can 
also release opioid peptides from rat cardiac 
muscle and have an indirect regulatory role in β-
adrenergic action through cross-talk with opioid 
receptors [46]. Studies of the possible role 
peptides play in the mechanism of hibernation 
showed that Kyo has inhibitory effect on 
respiration, heart rate, and body temperature 
regulation in animals [36, 42]. 

There are contradictory literature data on the 
role of Kyo in thermoregulatory processes. 
Central injection of Kyo into the third cerebral 
ventricle of unrestrained cats did not consistently 
alter body temperature at an ambient temperature 

oof 22  C [47]. Some authors have found that 
intracerebroventricular (i.c.v.) administration of 
Kyo produced significant dose-dependent 
hypothermic responses in mice at an ambient 

 otemperature of 24  C. The hypothermic action of 
kyotorphin was much greater than that of Met-
Enk. This action was slightly but not significantly 
reversed by administering naloxone -  
intraperitoneally. The hypothermia induced by 
kyotorphin and Met-Enk was prevented by a 
small dose of thyrotropin-releasing hormone, 
which by itself had little effect on body 
temperature [48]. Bronnikov et al., (1997, 2005) 
showed that Kyo abolished the stimulating effect 
of noradrenaline on proliferation of brown 
adipose tissue, which plays a major role in heat 
production. This suggests that pripheral tissue 
cells contain receptors for Kyo, and that Kyo is 
concerned with regulation of their mitogenic 
activity [50, 51].

Little is known about the behavioral effects of 
Kyo. The data on this point are rather conflicting. 
KTP is known to have no effect on open-field 
behavior of mice [33]. Similarly, subcutaneous 
(s.c.) or intraventricular injections of L-Kyo and 
D-Kyo induce no marked behavioral  
abnormalities such as catalepsy, ataxia or 

hypermotility in rats at a dose of 0.1 g per rat. At 
the same time, Kyo was found to inhibit the 
extinction of pole-jumping avoidance response 
in the rat [51], to affect aversive pecking in chicks 
[52] and to induce sedation and reduce motor 
activity in mice when injected at high doses [48]. 
According to these data, Kyo induced no strong 
behavioral changes in a variety of species.

Our experiments showed that Kyo suppress 
one of the two basic components of exploratory 
behaviour – ambulance, and does not affect the 
emotional state, i.e. rearing [53].

In order to test some hypotheses for the 
mechanisms by which Kyo affects the behavior 
of higher animals, Kolaeva et al. (2000) carried 
out a number of experiments on fish, applying 
this substance onto the Mauthner neurons (MN) 
of the medulla oblongata, a double-cell motor 
center responsible for particular easily registered 
forms of behavior in fish and amphibia [45, 54, 
55]. Like in higher animals, the application of 
Kyo mediated potentiation of the serotonergic 
transmission and exerted an inhibitory action on 
the neuronal activity at the level of single neurons 
in fish [34]. 

Application of Kyo itself was found to 
produce significant decreases in the functional 
activity of MN without inducing ultrastructural 
rearrangements, though it did have protective 
influence in conditions of prolonged stimulation, 
this being evident at both behavioral and 
ultrastructural level. This effect appeared to have 
some kind of relationship with the ability of Kyo 
to decrease the functional activity of MN. Data 
have been obtained showing that dipeptide Kyo 
can block calcium influx currents, as 
demonstrated in myocardium from cold-blooded 
(frogs) and warm-blooded (rats, ground 
squirrels) species [42, 56]. In addition, 
experiments addressing the redox properties of 
exogenous calcium channel regulators showed 
that KT can function both as an electron acceptor 
and as an electron donor which, according to 
previous data, can affect the ability of this 
neuropeptide to block potential-dependent 
calcium channels [57]. These data provide 
indirect evidence of the ability of Kyo to block 

2+
potential-dependent Ca  channels in MN,as well 
as other neurons.

Many authors define stress as a state of 
threatened homeostasis or disharmony, which is 
counteracted by a complex repertoire of 
physiologic and behavioral responses that 
reestablish homeostasis (adaptive stress – 
response) [58, 59]. Literature data has shown that 
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adaptive behaviour of young rats, treated with 
Kyo, is accompanied by activation of 
noradrenergic, dopaminergic and serotoninergic 
systems of the brain. Kyo affected the sleep-
awake cycle by decreasing the relax  awake and 
increasing the sleep time, while it increased the 
duration of grooming, decreased water and food 
intake the exploratory activity via activation of 
the serotonergic system. Preadaptation of the 
organism by Kyo administration was also 
achieved through increasing antioxidant system 
activity [60]. 

Literature data showed that administration of 
Kyo i.c.v. in conscious rats may change plasma 
levels of neurohypophysial hormones and blood 
pressure. Central administration of Kyo 
increased plasma levels of oxytocin (OT), 
regarded as a ''stress'' hormone in rodents, 
coincident with stimulating a pressor response 
and elevating plasma glucose levels, when 
administered i.c.v. to normally hydrated rats. On 
the other hand, an excess of L-Arg and Kyo 
within the CNS may mimic stress response by 
augmenting release of oxytocin and stimulating 
the sympathetic nervous system to increase blood 
pressure and plasma glucose levels. This profile 
of activity resembles a central activation of stress 
response, involving stimulation of both the 
neuroendocrine and autonomic nervous systems. 
Moderate concentrations of kyotorphin are 
present in the hypothalamus – the main structure 
responsible for stress response. Opioid peptides 
expressed in vasopressin (VP) and OT neurons 
[61, 62] are known to attenuate release of 
neurohypophysial hormones, and would be a 
potential mechanism by which Kyo could 
indirectly affect the magnocellular system [63].

In our recent studies we examined the ability 
of Kyo to modify the effects of morphine (Mo), 
L-NAME (L-Nitro-Arginine Methyl Ester, a 
non-selective inhibitor of nitric oxide synthase) 
and  immobi l iza t ion  s t ress - induced  -   
antinociception in acute pain. It is known that 
analgesia, induced by stress is a phenomenon, 
often referred to as “stress-induced analgesia” 
(SIA) [64]. Literature data has also shown that 
anti-opioid peptides (AOP) could reverse 
morphine-induced analgesia and inhibit the 
expression of some forms of SIA in various 
species. Our results showed that Kyo 
significantly decreased the analgesic effect of L-
NAME in both paw pressure and hot platе tests. 
The effect of Mo decreased significantly only in 
hot plate tests. When administered after stress, 
Kyo reduced stress-induced antinociception in 

 

paw pressure tests. We suggest that these findings 
indicate that Kyo may act as an anti-opioid 
peptide [65]. 

It's known that stress activates the 
hypothalamic-pituitary-adrenal (HPA) axis by 
stimulating neuronal activity within the 
paraventricular nucleus of the hypothalamus 
[66]. Some workers have reported that HPA axis 
responses to neural stimuli, which are not 
dependent on immune factors, can be modulated 
by nitric oxide (NO). NO also plays an important 
role in regulating the response of the HPA axis to 
various stresses. Morphological studies have 
provided evidence for the existence of a signaling 
pathway between an opioid- and the nitric oxide 
ergic systems in the hypothalamus of rat brain. 
[67-69].

Our histochemical study on NADPH-d 
reactive neurons in rat hypothalamic 
paraventricular nucleus showed that Kyo, when 
administered in cold-exposed rats can increase 
NO activity. The results of our experiment 
suggest that Kyo and NO may play an important 
role in the continuity of homeostasis, acting as 
agonist substances. Further studies are needed to 
understand the exact role of Kyo in response to 
cold exposure [70]. Unpublshed data of ours also 
showed that Kyo may modulate opioid and non-
opioid neurotransmitter networks and thus help 
the stressed organism to reach homeostasis, i.e. 
Kyo may have an anti-stressor effect, besides 
that, according to our results, it inhibited stress-
induced increase in ACTH and corticosterone 
plasma levels.

Conclusions

This review is an attempt to provide a 
comprehensive summary of the neuropeptide 
kyotorphin. Its mechanisms of action and the 
wide range of biological effects make possible 
the assumption that this peptide is a potent 
neuromodulator. Most findings emphasize the 
effects on the CNS, including the spinal cord as 
well as the brain, but these effects also concern 
the peripheral body and communication across 
the BBB. Although fifty percent of the total Kyo 
amount is found in the cerebral cortex, an area 
where the contents of opiate receptors and 
enkephalins is low and its physiological effects 
are opioid and non-opioid mediated, this review 
has shown that Kyo actions are far more 
extensive, hopefully stimulating consideration of 
possible therapeutic applications.
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