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ABSTRACT

Introduction: Methamphetamine (MA) addiction is a major global public health concern, Keywords:

yet there is currently no approved medication that effectively treats this addiction. Kisspeptin Kisspeptin-13

is a neuropeptide that has a role in the reproductive system, metabolism and energy balance, Methamphetamine

and metastasis suppression in different types of cancers. The kisspeptin receptors, GPR54 are Reward

widely distributed in the brain’s memory-related structures. Previous studies have revealed that Reinstatement

the opioid system contributes to the addictive effects of MA. Additionally, preclinical studies Condition place preference

have shown that a derivative of kisspeptin possesses anti-opioid properties. This study aimed
to clarify the role of kisspeptin-13 (KP-13) on reward and reinstatement-related memory
associated with MA in the conditioned place preference test.

Methods: We evaluated pre-treatment with intracerebroventricular KP-13 for 3 consecutive
days (2.5 ul/nostril, once a day) in a conditioned place preference test induced by MA. MA was
administered intraperitoneally at a dose ranging from 1 to 7 mg/kg, once daily, beginning at 1
mg/kg on day one and increasing by 1 mg/kg per day up to the day 7.

Results: We found that KP-13 suppresses the reward behavior in MA-treated rats, while it has
no significant effect on reinstatement behavior after one week of MA cessation, which could
be attributed to the ineffective dose of KP-13.

Conclusion: The findings indicate that KP-13 alters the rewarding and motivating effects of
MA. Further research involving both multiple and single administrations of KP-13 before the
reinstatement test is necessary to throw light on its impact on withdrawal-related reinstatement.

Introduction this illicit psychostimulant has significantly increasedin
Methamphetamine (MA) is known as the most addic- the years (Moenk and Matuszewich 2012). Currently,
tive drug with a high potential for abuse. The abuse of  there are no FDA-approved medications for metham-
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phetamine addiction (Stauffer et al., 2020). Both phar-
macological and behavioral/psychosocial approaches
are not completely effective. Chronic use in MA abusers
is associated with behavioral disorders such as learning
and memory deficits, anxiety, drug craving, reinstated
ment, and psychosis (Ekhtiari et al., 2016). The psy-
chostimulant addiction is caused by the destruction of
neuronal circuits that modulate desire and motivation.
The mesolimbic pathway as a reward circuit plays an
essential role in MA-induced rewarding effects by in-
creasing dopamine in the limbic system such as the nu-
cleus accumbens (Thorn et al., 2012). The MA increases
dopamine in synaptic cleft by suppressing of dopamine
transporters, enhancing the release of dopamine from
synaptic vesicles and decreasing dopamine metabo-
lism by inhibition of monoamine oxidases (Kotlinska et
al., 2008; Thorn et al., 2012). Preclinical studies have
shown that increasing the release of dopamine by MA
can increase the activity of opioid receptors in the re-
ward circuit. In accord with preclinical studies, molecu-
lar studies have also demonstrated the change in mRNA
level of endogenous opioid receptors in the reward cir-
cuit after repeated administration of psychostimulants
(Chiu et al., 2006; Magendzo and Bustos 2003).

The RF-amide peptides are a family of neuropeptides
(Gibula-Tarlowska et al., 2019a; Kotlinska et al., 2008).
Neuropeptide FF (NPFF) was the first identified RF-am-
ide peptide in the central nervous system of mammals,
known as an anti-opioid modulator influencing the ex-
pression of morphine and cocaine-induced reward (Ko-
tlinska et al., 2007; Kotlinska et al., 2008). Kisspeptin
is another member of the RF-amide peptide family and
its receptor is G protein-coupled receptor 54 (GPR54
or KISS1R). Kisspeptin precursor, encoded by KISS1/
Kiss1 gene, is a propeptide that has 145 amino acids. The
proteolytic action of this product generates kisspeptin
54 (KP-54), which is subsequently cleaved into several
active isoforms, including kisspeptin 10 (KP-10), kiss-
peptin 13 (KP-13), kisspeptin 14 (KP-14). Reproductive
studies in humans and animals have demonstrated that
KP-13 plays an essential role in regulating gonadotro-
pin-releasing hormone (GnRH) during puberty, the on-
set of reproductive maturity, and fertility (Delmas et al.,
2018; Ibos et al., 2021).

Kissorphin (KSO), as a new derivate of KP-10, has
been shown to act like NPFF. It does not affect GnRH
secretion through GPR54 (Takino et al., 2003), but pos-

sesses anti-opioid activity. Milton et al. reported that the
biological activity of the KSO peptide is antagonized
by RF9 (NPFF receptor antagonist) in human neuronal
SH-SYS5Y cells (Milton et al., 2012). Kisspeptin deriv-
atives are primarily located in the hippocampal dentate
gyrus within the central nervous system. This region is
responsible for learning, spatial orientation and memory
consolidation, making it particularly relevant to the ad-
diction process. Memory processes are known to play
a significant role in the development and maintenance
of addiction to psychoactive substances such as ethanol,
cocaine, morphine, and other similar substances (Oishi
et al., 2011). In addition, several studies have reported
that NPFF and Kisspeptins (KPs) exert anti-addictive
effects in conditioned place preference (Gibula-Tar-
lowska et al., 2019b; Kotlinska et al., 2007; Kotlinska et
al., 2008). Therefore, based on these data, we hypothe-
sized that KP-13 may possess anti-addictive properties.
Earlier, the role of KP-13 in cognitive function such as
learning and memory had been identified but its role in
MA addiction has not been investigated so far.

In this study, we examined whether KP-13, as a mem-
ber of RF-amide peptide family attenuates the reward-
ing and reinstatement effects of methamphetamine in
the conditioned place preference (CPP) test.

Materials and Methods

Animals

Adult male Wistar rats weighing (200-270 g) were
obtained from the Institute for Laboratory Animal Re-
search of Mazandaran University of Medical Scienc-
es. Subjects were housed under standard conditions
(12h light/12h dark with a constant room temperature
of 2142°C and 50 + 10% humidity) with free access to
standard nutriments and tap water. The rats were accli-
matized for 7 days before the beginning of the exper-
iments. All procedures were conducted in accordance
with the ethical guidelines set by the Research Ethic
Committee of Mazandaran University of Medical Sci-
ences, Sari, Iran (IRMAZUMS.REC.1398.6037).

Drugs

MA hydrochloride was synthesized in the laboratory
of Medicinal Chemistry, Tehran University of Medi-
cal Sciences, Iran, with 99.2% purity. The KP-13 was
obtained from Bachem (Basel, Switzerland). MA was
freshly dissolved in 0.9% saline solution before each


https://www.sciencedirect.com/topics/neuroscience/drug-craving

Kisspeptin-13, Methamphetamine, conditioned place preference

Physiology and Pharmacology 29 (2025) 146-154 | 148

KP INJ
(1.5 pg/ul, ICV, once a day

STX , 2.5 pl/nostril) CPP2
T I 1 T
A
Days
1 7 9 10 14 16 23
[ J
MA INJ

(1-7mg/kg, IP, once a day)

FIGURE 1. Experimental design.

intraperitoneal injection. The KP-13 was dissolved in
sterile pyrogen-free 0.9% saline and injected intracere-
broventricular (ICV).

Stereotaxic Surgery

The animal was anesthetized by intraperitoneal injec-
tion of ketamine (80 mg/kg) and xylazine (10mg/kg).
For intracerebroventricular (ICV) administration of ei-
ther KP-13 or saline into the right lateral ventricle of
the brain, subjects underwent stereotaxic surgery. The
cannula was positioned according to the Paxinos and
Watson, Atlas (AP: —0. 5, L: 1.6, DV: —4.2) and fixed in
the skull with dental cement. All central microinjections
were performed over 5 min using a 30-gauge stainless
steel injector, which was connected to a Hamilton sy-
ringe by polyethylene tubing (PE-20).

Drug administration, and experimental design

After 7 days of recovery from surgery, rats were divid-
ed randomly into 4 groups (n = 7-9/group): 1) The saline
group received ICV saline for 3 days and followed by
intraperitoneal saline for 7 days, 2) MA group received
ICV saline for 3 days and followed by intraperitoneal
repeated doses of MA (1-7 mg/kg, once a day at 5h in-
tervals, beginning at 1 mg/kg on day 1 and escalated
Img/kg per day, for the next 6 consecutive days), 3) KP-
13+MA group treated with ICV KP-13 (1.5 pg/ul, once
a day) for 3 days followed by MA injection same as MA
group. 4) The KP-13 group was treated with ICV KP-13
(1.5 pg/ul) for 3 days, followed by saline injection for
7 days. Based on the timeline depicted in Figure 1, each
group participated in the conditioned place preference
(CPP) assessment on two separate occasions, labeled as
CPP1 and CPP2. CPP1 was conducted between the 10th

to 15th days of the experiment, while CPP2 was carried
out on the 23rd day. One hour before the start of the
behavioral tests, animals were brought to the test room.

Conditioned place preference (CPP) test

CPP1 was performed to elucidate the rewarding ef-
fects of MA in animals. We used a three chamber wood-
en CPP device. The device comprised two equally sized
chambers (30x30x40 c¢cm) connected by another cham-
ber (30x15%40 cm) called the null chamber. The two
chambers had distinct features. The left one had vertical
white and black stripes while the right one had horizon-
tal white and black stripes. Additionally, they had differ-
ent floors.

CPP1 procedures had three different phases: pre-con-
ditioning phase, conditioning phase, and post-condition-
ing phase. Seven days after MA/saline cessation, CPP2
was repeated same as post-conditioning phase to assess
the reinstatement behavior (Anooshe et al., 2021; Rafa-
iee et al., 2023), (Ebrahimi et al., 2021) (Fig. 1).

Preconditioning phase: Before MA injection on day
10 of the experiments, a preconditioning phase was con-
ducted. The rats were placed in the null chamber and
allowed to move freely in all chambers for 10 minutes.
A camera located 2 meters above the device recorded
the time spent by each rat in each chamber. Recorded
videos were analyzed offline by experimenter. The rats
that exhibited compartment preference were eliminated
from the study because they should not spend more than
80% of the total test time in one chamber (Anooshe et
al., 2021; Ebrahimi et al., 2021).

Conditioning phase (Acquisition): This phase was ini-
tiated 24 hours after the preconditioning phase and con-
sisted of a three-day schedule of conditioning sessions.
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For conditioning, an increasing dosage regimen of MA
was used. During this phase, rats were given daily doses
of either MA (1 to 3 mg/kg) or saline in the morning and
evening, with the timing alternating daily. After each in-
jection, the rats were immediately placed in either the
drug-paired chamber or the saline-paired chamber. Ac-
cordingly, on the first day of the conditioning phase, rats
were injected with 1mg/kg of MA in the morning and
confined to the MA-paired chamber for 45 min. After
5h intervals, rats received saline and were confined to a
saline-paired chamber for 45 min. On the second day of
the conditioning phase, the administration time of MA
and saline was changed and rats were treated with 2mg/
kg of MA. On the third day of the conditioning phase,
the administration time of MA and saline was the same
as the first day of the conditioning phase, and the drug
dose was increased to 3 mg/kg (Anooshe et al., 2021;
Rafaiee et al., 2023; Rezaeian et al., 2020). After the
conditioning phase, the injection regimen continued
with a dose of 4 mg/kg the next day, increasing by 1 mg/
kg per day until it was terminated at a dose of 7 mg/kg.
Post-conditioning phase (Expression): The day after
conditioning phase, post-conditioning phase was carried
out. Each rat was allowed to freely explore all of the
chambers for 10 min before any injection and then the
injections were done as previously described. One week
later, after MA cessation, CPP2 was performed to eval-
uate reinstatement behavior. The CPP2 procedure was
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done the same as post-conditioning phase. To determine
the change in preference, the amount of time spent in
the MA-paired chamber during the post-conditioning
phase (CPP1) was subtracted from the time spent in that
same chamber during the pre-conditioning phase. Simi-
larly, for CPP2, the change in preference was calculated
by subtracting the time spent in the MA-paired cham-
ber from the time spent in that same chamber during
pre-conditioning phase (Rafaiee et al., 2023; Rezaeian
etal., 2020).

Statistical analysis

The analysis of data performed by analysis of vari-
ance (ANOVA) and comparison between groups were
followed by post hoc Tukey’s test. Data were expressed
as mean £ SEM and P-values less than 0.05 (P < 0.05)
were set to be statistically significant. The analyses were
conducted in IBM SPSS Statistics 26 software.

Results

The effect of KP-13 on the MA-induced reward

Rats in MA-treated groups received MA as an esca-
lating paradigm consisting of once a day intraperitoneal
injection of 1-7mg/kg after pre-treatment with KP-13.
During pre-conditioning phase, the time spent in cham-
bers did not differ between all experimental groups [F
.3 = 1.082, P> 0.05], Fig. 2. This data suggested that
there was no preference for any chamber between the

|

Control MA

MA+KP-13 KP-13

FIGURE 2. The time spent in the conditioned side prior to MA exposure during the pre-conditioning phase of the CPP test. The differences
between all experimental groups were analyzed by ANOVA, followed by post hoc Tukey’s test. Data are expressed as mean+SEM (n=7-9).
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FIGURE 4. The effect of KP-13 on the change in preference following MA exposure in the CPP1 during the post-conditioning phase. The
differences between all experimental groups were analyzed by ANOVA, followed by post hoc Tukey’s test. Data are expressed as mean+SEM

(n=7-9). ***P <(0.001 vs control group; # P < 0.05 vs MA group.

groups.

A one-way ANOVA, followed by the post hoc Tukey
test revealed a significant difference between groups in
630 = 20.22, P < 0.001],
(Fig. 3). The post-hoc analysis showed preference for

the change of preference [F

conditioned side of MA group was increased consider-
ably compared to those of the control group (p < 0.001)
that indicating the rewarding effect of MA. Pre-treat-
ment with KP-13 prevented MA-induced reward in the
kp-13+MA group (p < 0.05). The animals spent less
time in the conditioned compartment compared to the
MA group. There was no significant difference in the
change of preference between the KP-13 group and the
control group (p > 0.05).

The effect of KP-13 on MA-induced reinstatement

The one-way ANOVA showed a significant difference
between groups in their change of preference after dis-
continuing MA for one week in CPP2 [F ., =10.21,
P <0.001], (Fig. 4). The post-hoc analysis revealed that
rats in MA-treated group spent more time in condition
side compared with control group (p < 0.001), sugges-
tive of high resistance to extinction and reinstatement
effect of drug. KP-13 administration could not decrease
preference time in the MA-paired chamber in compari-
son with MA group. Also, the control and KP-13 groups
were not significantly different in the change in prefer-
ence.

Discussion

In the present study, we investigated the effects of KP-
13 when centrally administered on the rewarding and
reinstatement behavior caused by an escalating dose
of MA (1-7mg/kg, IP, once daily) in the CPP test. Our
findings revealed that while KP-13 decreased the re-
warding response to MA, it did not affect the reinstate-
ment of the drug. The applied doses of KP-13 and MA
did not influence locomotor activity (data not shown)
(Khonacha et al., 2019; Seyedhosseini Tamijani et al.,
2018; Valian et al., 2018). It seems that the current re-
sults are consistent with previous research, which have
demonstrated the anti-addictive properties of KP deriv-
atives. Gibula-Tarlowska et al. reported that Kissorphin,
a new derivative of KP-10, suppressed the acquisition,
expression, and reinstatement caused by morphine in
CPP test (Gibula-Tarlowska et al., 2019b). Addition-
ally, the research team discovered that Kissorphin was
able to inhibit the rewarding response of ethanol in CPP
tests (Gibula-Tarlowska et al., 2019a). The results of
the study showed that the observed effect was depen-
dent on the binding of Kissorphin to the NPFF recep-
tor. As previously mentioned, neuropeptide NPFF has
anti-opioid properties, indicating that KP-13 potentially
has the same physiological effect as neuropeptide NPFF
through the NPFFR pathways (Gibula-Bruzda et al.,
2017). It has been reported that central administration
of NPFF in morphine-dependent rats precipitates the



Physiology and Pharmacology 29 (2025) 146-154 | 151

Nazari et al.

250

* % %
200

150

100

Change in preference (sec)

50

Control MA

MA+KP-13 KP-13

FIGURE 4. The effect of KP-13 on the change in preference following MA exposure during CPP2. The differences between all experimental
groups were analyzed by ANOVA, followed by post hoc Tukey’s test. Data are expressed as mean+=SEM (n=7-9). ***P < 0.001 vs control

group.

withdrawal symptoms (Malin et al., 1990). In confirma-
tion of these observations, the research carried out by
Katalia and his colleagues showed that ICV injection of
NPFF decreased the expression of morphine-induced
CPP (Kotlinska et al., 2007). Studies have shown that
the length of the kisspeptin derivative plays a role in
how well it binds to the NPFF receptors. For example,
KP-54, which is longer, has low affinity, whereas shorter
analogs like KP-13 and KP-8 have moderate and high
affinities, respectively. The activation of NPFF recep-
tors by kisspeptin is related to the similarity in structure
of kisspeptins to neuropeptide NPFF (Ibos et al., 2021;
Lyubimov et al., 2010).

Numerous studies suggest that the use of psychostim-
ulants can affect and interact with the opioid system in
various ways. In one instance, when repeatedly given
MA, behavioral sensitization was reduced in mice lack-
ing a p-opioid receptor (Shen et al., 2010). This effect is
associated with the decrease of tyrosine hydroxylase ex-
pression in the nigrostriatal pathway (Park et al., 2012),
suggesting the interaction of the opioid system with the
dopaminergic system that is dramatically affected by
MA. Based on previous observations and the findings
of this study, it can be inferred that KP-13, through its
anti-opioid activity, can suppress the rewarding effects
of MA in the CPP test.

Another possible explanation for the anti-rewarding
effect of KP-13 is its involvement in learning and mem-
ory processes. The CPP test is an associative memory
model that is used to study drug- seeking and maladap-
tive reward-based learning. It examines the link be-
tween environment and the rewarding effects of drugs.
This association is critical because certain stimuli, like
those associated with drug use, can easily trigger crav-
ings, drug-seeking behavior, and reinstatement even
after a prolonged period of abstinence (Everitt 2014).
The kisspeptin and its receptor, known as the G-protein
coupled receptor (GPR)-54 receptor, are present in high
levels in various areas of the brain, including the me-
dial amygdala, medial frontal gyrus, cingulate, hippo-
campus, accumbens, parahippocampal gyrus, striatum,
and thalamus. These structures are related to cognitive
functions such as learning, memory, and behavior (Mel-
ka et al., 2021; Mills et al., 2018; Mills et al., 2019;
Patel and Smith, 2020). The widespread distribution of
the KP receptors in these brain regions suggests that the
neuropeptide may play a role in these functions. It has
been demonstrated that central administration of KP-13
attenuated memory deficits in animal models of Alzhei-
mer’s disease (Jiang et al., 2015; Khonacha et al., 2019).
On the other hand, many clinical and preclinical studies
have highlighted the negative impact of MA on cogni-
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tive function (Khodamoradi et al., 2022; Peters et al.,
2023; Rezayof et al., 2023; Seyedhosseini Tamijani et
al., 2018; Tamijani et al., 2023). Our findings indicate
that the use of KP-13 led to a decrease in MA-induced
CPP. Please be conscious that the anti-rewarding effects
of KP-13 may be because of disturbing memory rather
improving the distinction between the conditioned side
and the other one.

It has been observed that kp-13 alleviated the condi-
tioned place preference (CPP) induced by MA, causing
the subjects to be unable to distinguish between the two
compartments. Therefore, it is suggested that the effects
of kp-13 in the CPP paradigm are linked to an anti-re-
ward mechanism rather than a memory-enhancing one.

Conclusion

It was found that administering KP-13 prior to MA
treatment possessed an anti-rewarding effect, though not
able to prevent reinstatement behavior. These findings
provide a better understanding of the pharmacological
role of KP-13 and introduce innovative pharmacologi-
cal strategies to address methamphetamine dependence.

Acknowledgements

This research was supported by Psychiatry and Be-
havioral Sciences Research Center, Addiction Institute,
Mazandaran University of Medical Sciences, Sari, Iran.

Author Contributions

“Conceptualization, SMST.; methodology, SN., MG.,
HG., and SMST.; formal analysis, RR., and HG.; writ-
ing—original draft preparation, SMST., and RR. All au-
thors have read and agreed to the published version of
the manuscript”.

Conflict of interest
The authors declare no conflict of interest.

References

Anooshe M, Nouri K, Karimi-Haghighi S, Mousavi Z,
Haghparast A. Cannabidiol efficiently suppressed the ac-
quisition and expression of methamphetamine-induced
conditioned place preference in the rat. Behavioural Brain
Research 2021; 404: 113158. https://doi.org/10.1016/j.
bbr.2021.113158

Chiu C-T, Ma T, Ho I K. Methamphetamine-induced behav-

ioral sensitization in mice: alterations in p-opioid receptor.

Journal of biomedical science 2006; 13: 797-811. https://
doi.org/10.1007/s11373-006-9102-x

Delmas S, Porteous R, Bergin D H, Herbison A E. Altered as-
pects of anxiety-related behavior in kisspeptin receptor-de-
leted male mice. Scientific Reports 2018; 8: 2794. https://
doi.org/10.1038/s41598-018-21042-4

Ebrahimi Z, Kahvandi N, Komaki A, Karimi S A, Naderish-
ahab M, Sarihi A. The role of mGlu4 receptors within the
nucleus accumbens in acquisition and expression of mor-
phine-induced conditioned place preference in male rats.
BMC neuroscience 2021; 22: 1-10. https://doi.org/10.1186/
$12868-021-00627-2

Ekhtiari H, Nasseri P, Yavari F, Mokri A, Monterosso J. Neu-
roscience of drug craving for addiction medicine: From
circuits to therapies. Progress in brain research 2016; 223:
115-141. https://doi.org/10.1016/bs.pbr.2015.10.002

Everitt B J. Neural and psychological mechanisms underlying
compulsive drug seeking habits and drug memories-indi-
cations for novel treatments of addiction. Eur J Neurosci
2014; 40: 2163-2182. https://doi.org/10.1111/ejn.12644

Gibula-Bruzda E, Marszalek-Grabska M, Gawel K, Trzcinska
R, Silberring J, Kotlinska J H. The new kisspeptin deriv-
ative-kissorphin (KSO)-attenuates acute hyperlocomotion
and sensitization induced by ethanol and morphine in mice.
Alcohol 2017; 64: 45-53. https://doi.org/10.1016/j.alco-
hol.2017.04.005

Gibula-Tarlowska E, Grochecki P, Silberring J, Kotlinska J
H. The kisspeptin derivative kissorphin reduces the acquisi-
tion, expression, and reinstatement of ethanol-induced con-
ditioned place preference in rats. Alcohol 2019a; 81: 11-19.
https://doi.org/10.1016/j.alcohol.2019.04.001

Gibula-Tarlowska E, Kedzierska E, Piechura K, Silberring
J, Kotlinska J. The influence of a new derivate of kiss-
peptin-10-Kissorphin (KSO) on the rewarding effects of
morphine in the conditioned place preference (CPP) test in
male rats. Behavioural Brain Research 2019b; 372: 112043.
https://doi.org/10.1016/j.bbr.2019.112043

Ibos K E, Bodnar E, Bagosi Z, Bozs6 Z, Toth G, Szabo G, et
al. Kisspeptin-8 induces anxiety-like behavior and hypolo-
comotion by activating the HPA axis and increasing GABA
release in the nucleus accumbens in rats. Biomedicines
2021; 9: 112. https://doi.org/10.3390/biomedicines9020112

Jiang J, He Z, Peng Y, Jin W, Wang Z, Han R, et al. Kiss-
peptin-13 enhances memory and mitigates memory impair-
ment induced by AB1-42 in mice novel object and object
location recognition tasks. Neurobiology of learning and
memory 2015; 123: 187-195. https://doi.org/10.1016/].


https://doi.org/10.1016/j.bbr.2021.113158
https://doi.org/10.1016/j.bbr.2021.113158
https://doi.org/10.1007/s11373-006-9102-x
https://doi.org/10.1007/s11373-006-9102-x
https://doi.org/10.1038/s41598-018-21042-4
https://doi.org/10.1038/s41598-018-21042-4
https://doi.org/10.1186/s12868-021-00627-2
https://doi.org/10.1186/s12868-021-00627-2
https://doi.org/10.1016/bs.pbr.2015.10.002
https://doi.org/10.1111/ejn.12644
https://doi.org/10.1016/j.alcohol.2017.04.005
https://doi.org/10.1016/j.alcohol.2017.04.005
https://doi.org/10.1016/j.alcohol.2019.04.001
https://doi.org/10.1016/j.bbr.2019.112043
https://doi.org/10.3390/biomedicines9020112 
https://doi.org/10.1016/j.nlm.2015.05.010

Physiology and Pharmacology 29 (2025) 146-154 | 153

Nazari et al.

nlm.2015.05.010

Khodamoradi M, Tirgar F, Ghazvini H, Rafaiee R, Tamijani S
M S, Karimi N, et al. Role of the cannabinoid CB1 receptor
in methamphetamine-induced social and recognition mem-
ory impairment. Neuroscience letters 2022; 779: 136634.
https://doi.org/10.1016/j.neulet.2022.136634

Khonacha S E, Janahmadi M, Motamedi F. Kisspeptin-13 im-
proves spatial memory consolidation and retrieval against
amyloid-p pathology. Iran J Pharm Res 2019; 18: 169.

Kotlinska J, Pachuta A, Dylag T, Silberring J. Neuropeptide
FF (NPFF) reduces the expression of morphine-but not of
ethanol-induced conditioned place preference in rats. Pep-
tides 2007; 28: 2235-2242. https://doi.org/10.1016/j.pep-
tides.2007.08.006

Kotlinska J, Pachuta A, Silberring J. Neuropeptide FF (NPFF)
reduces the expression of cocaine-induced conditioned
place preference and cocaine-induced sensitization in ani-
mals. Peptides 2008; 29: 933-939. https://doi.org/10.1016/j.
peptides.2008.01.008

Lyubimov Y, Engstrom M, Wurster S, Savola J-M, Korpi E,
Panula P. Human kisspeptins activate neuropeptide FF2
receptor. Neuroscience 2010; 170: 117-122. https://doi.
org/10.1016/j.neuroscience.2010.06.058

Magendzo K, Bustos G. Expression of amphetamine-induced
behavioral sensitization after short-and long-term with-
drawal periods: Participation of p-and §-opioid receptors.
Neuropsychopharmacology 2003; 28: 468-477. https://doi.
org/10.1038/sj.npp.1300063

Malin D H, Lake J R, Fowler D E, Hammond M V, Brown
S L, Leyva J E, et al. FMRF-NH2-like mammalian pep-
tide precipitates opiate-withdrawal syndrome in the rat.
Peptides 1990; 11: 277-280. https://doi.org/10.1016/0196-
9781(90)90082-G

Melka N, Pszczolinska A, Klejbor I, Ludkiewicz B, Kowi-
anski P, Morys$ J. Can the kisspeptin help us in the under-
standing of pathology of some neurodegenerative brain dis-
eases? Folia Morphologica 2021; 80: 756-765. https://doi.
org/10.5603/FM.a2021.0090

Mills E G, Dhillo W S, Comninos A N. Kisspeptin and the
control of emotions, mood and reproductive behaviour.
Journal of Endocrinology 2018; 239: R1-R12. https://doi.
org/10.1530/JOE-18-0269

Mills E G, O’Byrne K T, Comninos A N. Kisspeptin as a be-
havioral hormone. Journal 2019; 37: 056-063. https://doi.
org/10.1055/5-0039-3400239

Milton N G, Chilumuri A, Rocha-Ferreira E, Nercessian A
N, Ashioti M. Kisspeptin prevention of amyloid-p peptide

neurotoxicity in vitro. ACS chemical neuroscience 2012; 3:
706-719. https://doi.org/10.1021/cn300045d

Moenk M D, Matuszewich L. Juvenile but not adult metham-
phetamine exposure improves performance in the Morris
Water Maze in male rats. Int J Dev Neurosci 2012; 30: 325-
331. https://doi.org/10.1016/j.ijdevneun.2012.01.006

Oishi S, Misu R, Tomita K, Setsuda S, Masuda R, Ohno H,
et al. Activation of neuropeptide FF receptors by kisspeptin
receptor ligands. ACS Medicinal Chemistry Letters 2011;
2: 53-57. https://doi.org/10.1021/m11002053

Park S W, He Z, Shen X, Roman R J, Ma T. Differential ac-
tion of methamphetamine on tyrosine hydroxylase and do-
pamine transport in the nigrostriatal pathway of p-opioid
receptor knockout mice. International Journal of Neurosci-
ence 2012; 122: 305-313. https://doi.org/10.3109/0020745
4.2011.652319

Patel R, Smith J. Novel actions of kisspeptin signaling outside
of GnRH-mediated fertility: a potential role in energy bal-
ance. Domestic Animal Endocrinology 2020; 73: 106467.
https://doi.org/10.1016/j.domaniend.2020.106467

Peters M M S, Park C H J, Turner A, Guerin A A, Kim J H.
Past and current drug repurposing clinical trials to treat cog-
nition in methamphetamine use: a scoping review of phar-
macotherapy candidates. Addiction Neuroscience 2023:
100064. https://doi.org/10.1016/j.addicn.2023.100064

Rafaiee R, Ahmadiankia N, Mousavi S A, Jafari B, Kalalian
Moghaddam H. Bone marrow mesenchymal stem cells im-
prove cognitive impairments induced by methamphetamine
in rats and reduce relapse. Bioimpacts 2023; 13: 97-108.
https://doi.org/10.34172/b1.2022.23329

Rezaeian L, Kalalian-Moghaddam H, Mohseni F, Khaksari
M, Rafaiee R. Effects of berberine hydrochloride on meth-
amphetamine-induced anxiety behaviors and relapse in
rats. Iran J Basic Med Sci 2020; 23: 1480.

Rezayof A, Ghasemzadeh Z, Sahafi O H. Addictive drugs
modify neurogenesis, synaptogenesis and synaptic plas-
ticity to impair memory formation through neurotransmit-
ter imbalances and signaling dysfunction. Neurochemistry
International 2023: 105572. https://doi.org/10.1016/j.neu-
int.2023.105572

Seyedhosseini Tamijani S M, Beirami E, Ahmadiani A,
Dargahi L. Effect of three different regimens of repeated
methamphetamine on rats’ cognitive performance. Cogni-
tive Processing 2018; 19: 107-115. https://doi.org/10.1007/
$10339-017-0839-0

Shen X, Purser C, Tien L T, Chiu C T, Paul I A, Baker R,
et al. p-Opioid receptor knockout mice are insensitive to


https://doi.org/10.1016/j.nlm.2015.05.010
https://doi.org/10.1016/j.neulet.2022.136634
https://doi.org/10.1016/j.peptides.2007.08.006
https://doi.org/10.1016/j.peptides.2007.08.006
https://doi.org/10.1016/j.peptides.2008.01.008
https://doi.org/10.1016/j.peptides.2008.01.008
https://doi.org/10.1016/j.neuroscience.2010.06.058
https://doi.org/10.1016/j.neuroscience.2010.06.058
https://doi.org/10.1038/sj.npp.1300063
https://doi.org/10.1038/sj.npp.1300063
https://doi.org/10.1016/0196-9781(90)90082-G
https://doi.org/10.1016/0196-9781(90)90082-G
https://doi.org/10.5603/FM.a2021.0090
https://doi.org/10.5603/FM.a2021.0090
https://doi.org/10.1530/JOE-18-0269
https://doi.org/10.1530/JOE-18-0269
https://doi.org/10.1055/s-0039-3400239
https://doi.org/10.1055/s-0039-3400239
https://doi.org/10.1021/cn300045d
https://doi.org/10.1016/j.ijdevneu.2012.01.006
https://doi.org/10.1021/ml1002053
https://doi.org/10.3109/00207454.2011.652319
https://doi.org/10.3109/00207454.2011.652319
https://doi.org/10.1016/j.domaniend.2020.106467
https://doi.org/10.1016/j.addicn.2023.100064
https://doi.org/10.34172/bi.2022.23329
https://doi.org/10.1016/j.neuint.2023.105572 
https://doi.org/10.1016/j.neuint.2023.105572 
https://doi.org/10.1007/s10339-017-0839-0
https://doi.org/10.1007/s10339-017-0839-0

Kisspeptin-13, Methamphetamine, conditioned place preference

Physiology and Pharmacology 29 (2025) 146-154 | 154

methamphetamine-induced behavioral sensitization. Jour-
nal of neuroscience research 2010; 88: 2294-2302. https://
doi.org/10.1002/jnr.22386

Stauffer C S, Moschetto ] M, McKernan S, Meinzer N, Chi-
ang C, Rapier R, et al. Oxytocin-enhanced group therapy
for methamphetamine use disorder: Randomized controlled
trial. J Subst Abuse Treat. 2020; 116: 108059. https://doi.
org/10.1016/j.jsat.2020.108059

Takino T, Koshikawa N, Miyamori H, Tanaka M, Sasaki T,
Okaday, et al. Cleavage of metastasis suppressor gene prod-
uct KiSS-1 protein/metastin by matrix metalloproteinases.
Oncogene 2003; 22: 4617-4626. https://doi.org/10.1038/
sj.onc.1206542

Tamijani S M S, Beirami E, Dargahi S, Ahmadiani A, Dargahi
L. Neuroprotective effect of thyroid hormones on metham-
phetamine-induced neurotoxicity via cell surface recep-
tors. Neuroscience Letters 2023; 794: 137009. https://doi.
org/10.1016/j.neulet.2022.137009

Thorn D A, Winter J C, Li J-X. Agmatine attenuates meth-
amphetamine-induced conditioned place preference in
rats. European journal of pharmacology 2012; 680: 69-72.
https://doi.org/10.1016/j.ejphar.2012.01.037

Valian N, Ahmadiani A, Dargahi L. Does repeated metham-
phetamine exposure at different regimens cause parkinso-
nian-like behavior in rats? Iran JPharm Res 2018; 17: 543.


https://doi.org/10.1002/jnr.22386
https://doi.org/10.1002/jnr.22386
https://doi.org/10.1016/j.jsat.2020.108059
https://doi.org/10.1016/j.jsat.2020.108059
https://doi.org/10.1038/sj.onc.1206542
https://doi.org/10.1038/sj.onc.1206542
https://doi.org/10.1016/j.neulet.2022.137009
https://doi.org/10.1016/j.neulet.2022.137009
https://doi.org/10.1016/j.ejphar.2012.01.037

