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Abstract

P2X7 receptors are dysregulated during psychostimulant exposure. Furthermore, P2X7
receptors enhance endogenous systems (é.g., cytokines, dopamine, and glutamate) that
facilitate psychostimulant addiction. Therefore, using mouse locomotor, conditioned place
preference (CPP), and intracranial self-stimulation (ICSS) assays, we tested the hypothesis

that methamphetamine (METH) reward and acute locomotor activation requires P2X7 receptor
activity. We also investigated effects of P2X7 blockade on METH-induced changes in cytokine
levels in brain reward regions. A438079 (5, 10, 50 mg/kg), a P2X7 antagonist, did not affect
spontaneous locomotor activity but reduced hyperlocomotion caused by acute METH (1 mg/kg)
exposure. A438079 (10 mg/kg) also prevented expression of METH CPP without causing aversive
or rewarding effects. For ICSS experiments, METH (1 mg/kg) facilitated brain reward function
as interpreted from reductions in baseline threshold. In the presence of A438079 (50 mg/kg),
METH-induced facilitation of ICSS was reduced. Repeated METH exposure (1 mg/kg x 7 d)
caused enhancement of IL-17A levels in the prefrontal cortex (PFC) that was normalized by
A438070 (10 mg/kg x 7 d). The present data suggest that P2X7 receptor activity contributes to
rewarding and locomotor-stimulant effects of METH through a potential mechanism involving
IL-17A, which has recently been implicated in anxiety.
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1. Introduction

Purinergic P2X7 receptors are ATP-sensitive ion channels expressed by neurons, microglia,
oligodendrocytes and astrocytes that facilitate innate and adaptive immune responses (Miras-
Portugal et al., 2021). A role for P2X7 receptors in psychostimulant addiction remains
unclear despite evidence that neuroinflammation facilitates psychostimulant dependence

and relapse (Gipson et al., 2021; Hutchinson and Watkins, 2014) and P2X7 activation
enhances neuroinflammation by inducing pro-inflammatory cytokine and chemokine release
(Oliveira-Giacomelli et al., 2021; Fernandes et al., 2016). For example, P2X7 activation is
linked to increased signaling at multiple chemokine receptors, including CCR2, CCR5 and
CXCR4 (Ochi-ishi et al., 2014), that contribute to the rewarding and reinforcing effects of
psychostimulants (Saika et al., 2018; Nayak et al., 2020; Kim et al., 2017). P2X7 receptor
activation is also coupled to an increase in mMRNA and protein levels of IL-17A, which is
upregulated in the prefrontal cortex (PFC) and amygdala of mice exposed to cumulative
stress and facilitates anxiety- and depression-like behaviors that accompany psychostimulant
abstinence (Fan et al., 2016; de Lima et al., 2020; Li et al., 2019).

In the only study that directly linked P2X7 receptors to a preclinical metric of drug
addiction, P2X7 receptor blockade reduced rewarding effects of the synthetic cathinone
MDPV (3,4-methylenedioxypyrovalerone) in mice (Gentile et al., 2019). In the same study,
repeated MDPV exposure increased mRNA and protein levels of P2X7 receptors in the
nucleus accumbens (NAC) (Gentile et al., 2019). Repeated MDPV exposure also enhanced
MRNA and protein levels of mitochondrial ATP synthase, an enzyme that catalyzes
synthesis of ATP, an endogenous ligand for P2X7 (Gentile et al., 2019). Evidence that
ATP increases extracellular dopamine in the striatum of rats and a purinergic (P2X/Y)
receptor agonist increases striatal dopamine levels and locomotor activity links enhanced
purinergic signaling to dopamine systems that underlie psychostimulant reward (Kriigel et
al., 1999, 2001; Kittner et al., 2000, 2001; Zhang et al., 1995). P2X7 receptor antagonism
or genetic deletion also reduces amphetamine-induced hyperactivity, which is often used
as a preclinical model of mania, and clinical data shows efficacy for a P2X7 blocker
against bipolar disorder (Gubert et al., 2016; 2020). Moreover, P2X7 receptor blockade
prevents amphetamine from increasing levels of the dopamine metabolite, DOPAC, in the
hippocampus of mice (Gubert et al., 2020).

Because P2X7 systems influence multiple underlying mechanisms (/.e., neuroinflammation
and dopamine transmission) of addiction, we hypothesized that A438079, a competitive,
reversible P2X7 antagonist, would inhibit rewarding and locomotor-activating effects of
methamphetamine (METH) in mice. The hypothesis was tested using three standard assays
(locomotor, conditioned place preference (CPP), and intracranial self-stimulation (ICSS)).
At the cellular level, we also investigated effects of P2X7 receptor blockade on METH-
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induced changes in cytokines (IL-1p, IL-6, IL-10, IL-17A, CCL2, CCL5 and TNF-a)) in the
prefrontal cortex (PFC) and nucleus accumbens (NAC).

2. Materials and methods

2.1. Animals and chemicals

Adult male C57BI/6 mice (Jackson Laboratories; Bar Harbor, ME) were group-housed (2-5/
cage) and maintained under a 12-h light/dark cycle on a regular chow diet. Studies were
conducted in accordance with the Institutional Animal Care and Use Committee at Temple
University. Methamphetamine hydrochloride (METH) was purchased from Sigma-Aldrich
(St. Louis, MO). A438079 hydrochloride was purchased from Tocris Biosciences (St. Louis,
MO, USA). Drugs were dissolved in 0.9% saline and injected intraperitoneally (ip). Mice
were assigned randomly to each experimental group and used only once. Testing was done
by an experimenter blinded to treatment conditions.

2.2. Locomotor experiments

Baseline locomotor activity was recorded for 60 min before A438079 (0, 5, 10, or 50 mg/kg)
administration as described (Gentile et al., 2019). METH (1 mg/kg) or saline was injected 30
min later and locomotor activity was recorded for 90 min. Locomotor activity was recorded
in 5-min bins.

2.3. CPP experiments

CPP experiments were conducted as described (Hicks et al., 2018). A 30-min pre-test was
conducted on day 1 to determine compartment preference. The compartment in which a
mouse spent less time was designated as the METH-paired side. A 4-day conditioning
paradigm was then initiated. In the morning, mice were injected with METH (1 mg/kg) and
confined to the METH-paired compartment for 30 min. In the afternoon, mice were injected
with saline and placed in the opposite compartment for 30 min. A separate (control) group
of mice were injected with saline in the morning and afternoon sessions. On day 6, a post-
test was conducted whereby conditioned with METH or saline were injected with A438079
(10 mg/kg) or saline, placed into the chamber, and given access to both compartments for
30 min. A difference score was calculated as time spent in the METH-paired compartment
during the post-test minus time spent in METH-paired compartment during the pre-test.

2.4. Intracranial self-stimulation (ICSS) experiments

Mice were stereotaxically implanted with a monopolar stimulating electrode (PlasticsOne;
Roanoke, VVA) targeting the medial forebrain bundle (from bregma: AP: -1.9, ML: +0.8, DV:
-4.8 mm). Mice were trained to respond to electrical stimulation using computer-controlled
operant chambers (Med Associates; St. Albans, VT) in daily sessions at the lowest current
that sustained responding at a rate of one response per s + 10%. This current was maintained
through testing in which mice responded for stimulation frequencies (158-34 Hz) in
descending order for 50 s. Experimental test sessions began when reward thresholds reached
stable performance criteria (+ 10% for 3 consecutive days). Effects of METH (0, 0.5, or

1 mg/kg) on reward thresholds were examined under a within-subjects, counterbalanced,
Latin-Square design. Thereafter, A438079 (0, 5, 10, 50 mg/kg) was administered alone and,
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in separate sessions, as a pretreatment to METH (1 mg/kg). Thresholds were quantified from
performance during 15-min test sessions. Percent baseline was computed as: (threshold after
METH/threshold before A438079)*100.

2.5. Multiplex Assay of Cytokines and Chemokines by Luminex®

Mice were injected with METH (1 mg/kg) or saline for 7 d, and A438079 (50 mg/kg) or
saline was administered 15 min before each METH or saline injection. Fifteen min after

the last METH or saline injection, mice were euthanized by CO2 overdose. Brains were
immediately extracted, and tissue from the NAC and PFC was dissected and flash-frozen
after excision. For analysis, the frozen tissue samples were homogenized in 150-180 pl of
phosphate-buffered saline (PBS) pH 7.2 to which an equal volume of Cell Lysis Buffer 2
was added. Samples were incubated for 30 min at room temperature with gentle shaking,
then centrifuged at 13,000 x g for 20 minutes at 4° C. Supernatants were removed to a fresh
1.5 ml Eppendorf tube and immediately assayed by the Pierce BCA Protein Assay to obtain
mg total protein/ml for each sample. Levels of mouse IL-1pB, IL-6, IL-10, IL-17A, CCL2/
MCP-1, and CCL5/RANTES were determined by the Milliplex® MAP Mouse Cytokine/
Chemokine Magnetic Bead Panel Luminex® assay (MilliporeSigma, Burlington, MA). All
extracts were run in duplicate. The assay was read on a BioRad BioPlex®100 Luminex®
reader (BioRad Laboratories, Hercules, CA), using BioPlex® Manager 6.1 software. The
cytokine/chemokine concentration values obtained, at pg/ml of extract, were divided by their
respective mg total protein/ml values, to obtain pg/mg total protein values for each mediator.

2.6. Statistical analysis

Locomotor and CPP data were analyzed by two-way ANOVA followed by a Bonferroni
post-hoc test. ICSS and cytokine data were analyzed by one-way ANOVA followed by
Dunnett’s post-hoc analysis. Statistical significance was p < 0.05.

3. Results

3.1. A438079 reduced METH-evoked locomotor activation and CPP (Fig. 1A-B)

For temporal locomotor data (Fig. 1A), two-way ANOVA (time x treatment) indicated
effects of treatment [F(7, 56) = 13.29, p < 0.0001] and time [F(18, 1008) = 10.25, p <
0.001] and a significant treatment x time interaction [F(126, 1008) = 3.92, p < 0.0001]. For
cumulative locomotor activity (Fig. 1B), two-way ANOVA (A438079 x METH) indicated
effects of METH [F(1, 56) = 69.72, p < 0.0001] and A438079 [F(3, 56) = 3.66, p < 0.05]
and a significant A438079 x METH interaction [F(3, 56) = 4.11, p < 0.05]. Mice injected
with METH (1 mg/kg) by itself (SAL + METH) displayed greater locomotor activity counts
than drug-naive mice (SAL + SAL) (**p < 0.01) (Fig. 1B). For mice injected with A438079
(50 mg/kg) and METH (1 mg/kg), locomotor activity was lower than A438079-naive mice
injected with METH (1 mg/kg) (SAL + METH) (*p < 0.05) (Fig. 1B). Locomotor activity
did not differ significantly between mice injected with A438079 (5, 10, or 50 mg/kg) or
saline (p > 0.05).

Effects of A438079 (10 mg/kg) on expression of METH (1 mg/kg) CPP are presented in
Fig. 1C. Two-way ANOVA revealed a significant effect of METH conditioning [F(1, 26) =
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5.48, p < 0.05] (Fig. 1C). Rats conditioned with METH (1 mg.kg) displayed greater CPP
than mice conditioned with saline (**p < 0.01). CPP was reduced in mice challenged with
A438079 (10 mg/kg) compared to those challenged with saline (*p < 0.05).

3.2. A438079 normalized METH-evoked changes in reward thresholds during ICSS (Fig. 2)

For experiments testing METH alone (Fig. 2A-B), one-way ANOVA indicated an effect of
METH dose on baseline threshold [A2, 12) = 4.08, p< 0.05] (Fig. 2A) but no effect on
maximal response rates [ A2, 12) = 3.66, p > 0.05] (Fig. 2B). The percentage of baseline
threshold in mice treated with higher-dose METH (1 mg/kg) was lower than saline-injected
mice (*p < 0.05; Fig. 2A). For experiments testing different doses of A438079 (0, 5, 10,

or 50 mg/kg) against METH (1 mg/kg) (Fig. 2C-D), one-way ANOVA indicated a main
effect on baseline threshold [ A3, 32) = 3.64, p < 0.05] (Fig. 2C) but no effect on maximal
response rate (p > 0.05) (Fig. 2D). A dose of 50 mg/kg A438079 normalized METH-elicited
reductions in baseline threshold (*p < 0.05), with a trend toward significance for a dose of
10 mg/kg. Prior work showed that A438709 (5 — 50 mg/kg)does not affect reward threshold
or maximal response rates (Gentil et al., 2019).

3.3.  A438079 normalized METH-evoked increase in IL17-A levels in PFC (Fig. 3)

Effects of A438079 and METH on cytokine levels are presented in Figs. 3A (PFC) and

3B (NAC). For IL-17A levels in the PFC (Fig. 3A), one-way ANOVA revealed a main
effect [A3, 26) = 5.58, p < 0.05]. METH by itself (SAL + METH) increased IL-17A levels
compared to drug-naive mice (SAL + SAL) (*p < 0.05). For mice exposed to A438079

and METH, IL-17A levels were reduced compared to A438079-naive mice exposed only to
METH (SAL + METH) (*p < 0.05). For IL-1p levels in the PFC, one-way ANOVA revealed
a main effect [A3, 26) = 3.11, p < 0.05]. IL-1p levels in mice exposed to A438079 and
METH (A438 + METH) were reduced compared to drug-naive rats (SAL + SAL) (*p <
0.05).

NAC results are presented in Fig. 3B. For IL-6, one-way ANOVA revealed a main effect
[A3, 28) = 7.88, p < 0.001]. IL-6 levels in rats exposed to a combination of A438079 and
METH were elevated compared to all other groups, including drug-naive (SAL + SAL)
(***p < 0.001), A438079 by itself (A438 + SAL) (*p < 0.01), and METH by itself (SAL +
METH) (**p < 0.01). For IL-10, one-way ANOVA revealed a main effect [A3, 26) = 5.48,
p < 0.01]. Compared to drug-naive mice (SAL + SAL), IL-10 levels were reduced in all
treatment groups, including mice exposed to A438079 by itself (A438 + SAL) (*p < 0.05),
METH by itself (**p < 0.01), and a combination of A438079 and METH (**p < 0.01).

4. Discussion

A P2X7 antagonist (A438079) inhibited three behavioral effects of METH (locomotor
activation, CPP, and facilitation of ICSS) and normalized the elevation of IL-17A levels in
the PFC caused by repeated METH exposure. A438079 is brain-penetrable, P2X7-selective
(e.g9., IC59 = 100 and 300 nm at rat and human P2X7 receptors, respectively, and IC50 >>
10 uM for other P2 receptors), and lacks activity at non-purinergic receptors and channels
(Donnelly-Roberts and Jarvis, 2007). This suggests that A438079 efficacy against METH
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was due to P2X7 antagonism and active P2X7 receptors are required for the full rewarding
and locomotor-activating effects of METH. Because P2X7 receptors are activated by ATP,
METH exposure may have caused a rapid increase in extracellular ATP that prompted P2X7
activation (Wilhelm et al., 2010). This interpretation is supported by evidence that mMRNA
and protein levels of ATP synthase, an enzyme that catalyzes ATP synthesis, and P2X7 in
the NAC of mice are elevated by repeated MDPV exposure (Gentile et al., 2019).

Physiological mechanisms by which P2X7 signaling influenced METH-evoked behavioral
effects are unclear. Because P2X7 receptor activation upregulates at least two

correlates of METH addiction (/.e., enhanced mesolimbic dopamine transmission and
neuroinflammation) (Gipson et al., 2021), possible mechanisms include P2X7 crosstalk
with dopamine or cytokine systems. Dopamine release in the NAC is increased by

ICSS, and ICSS is further enhanced by drugs that enhance extracellular dopamine (e.g.,
METH) but inhibited by drugs that block dopamine transmission (Negus and Miller, 2014).
ATP enhances extracellular dopamine in the rat striatum, and a P2X/Y receptor agonist
(2-methylthio ATP) increases striatal dopamine levels and locomotor activity (Kriigel et

al., 1999, 2001; Kittner et al., 2000, 2001; Zhang et al., 1995). Amphetamine-evoked
hyperactivity, which is also mediated by increased dopamine transmission, is reduced by
P2X7 receptor antagonism or genetic deletion (Gubert et al., 2016, 2020; Bhattacharya et
al., 2013; Csolle et al., 2013). Moreover, in the context of a 7-day dosing paradigm like the
one used in our study, a P2X7 antagonist reduces amphetamine-evoked levels of a dopamine
metabolite, DOPAC, in the hippocampus of mice (Gubert et al., 2020). Because these results
suggest that enhanced P2X7 signaling increases mesolimbic dopamine transmission, a P2X7
block by A438079 in our experiments may have prevented the normal METH-induced
enhancement of extracellular dopamine that facilitates ICSS, leading to inhibition of METH-
induced reward.

Repeated METH exposure caused an enhancement of IL-17A levels in the PFC that was
completely normalized by a P2X7 receptor block. The effect was specific to the PFC, as
IL-17A levels in the NAC were not affected by METH exposure. IL-17A is produced by
immune cells, including CD4* Th17 cells, CD8* T and B cells, meningeal & T cells,
natural killer cells, and innate lymphoid cells, and induces production of proinflammatory
cytokines and chemokines (Li et al., 2019). Evidence linking IL17-A to anxiety and
depression suggests that 1L-17A signaling has physiological and pathophysiological
functions in the CNS (de Lima et al., 2020; Li et al., 2019). For example, in mice exposed to
cumulative stress, IL-17A is upregulated in the PFC and amygdala and anti-IL-17 treatment
recuses anxiety- and depression-like behaviors (Kim et al., 2021). IL-17A knockout mice
also spend more time in the open arm area of the elevated plus maze than the wild type
mice, suggesting reduced anxiety (de Lima et al., 2020). Similar to our findings, the PFC
was identified by de Lima et al. (2020) as an important anatomical site of IL-17A action,

as selective knockdown of IL-17A in the PFC reduced anxiety (de Lima et al., 2020).
Cellular data suggest that IL-17A receptors are primarily localized to glutamatergic neurons
in the PFC, and loss of endogenous IL-17A signaling affects GABA and glutamate signaling
pathways (de Lima et al., 2020). Glutamate systems in corticolimbic substrates are also
dysregulated during METH exposure and contribute to dependence and relapse (Mishra et
al., 2017). Thus, in our experiments, the METH-induced elevation in cortical IL-17A levels
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may have caused dysregulation of glutamate signaling in the PFC that contributed to the
rewarding effects of METH detected in CPP and ICSS assays, although this interpretation is
speculative given that behavioral and cytokine data were collected from separate groups of
mice.

The ability of a P2X7 block to both reduce behavioral effects of METH and abolish

the METH-induced elevation of cortical IL-17A levels suggests that crosstalk between
P2X7 and IL-17A systems influences METH-evoked behaviors. Prior work shows that
P2X7 blockade with A438079 abolishes the increase in mMRNA and protein levels of
IL-17A in splenoctyes derived from mice with experimental arthritis and reduces Th17

cell differentiation (Fan et al., 2016), although P2X4 receptors also play an important

role (Hamoudi et al., 2022). In our experiments, other cytokines were also impacted by
METH and A438079 exposure. For instance, cortical levels of IL-10 were reduced by
METH. Because IL-10 inhibits 1L-17A secretion from Th17 cells (Gu et al., 2008), the
METH-induced reduction in IL-10 levels may have contributed to the elevation in cortical
IL-17A levels. IL-6 mRNA levels in the NAC or PFC were not increased by METH, which
is consistent with previous evidence that METH increases IL-6 gene expression in the VTA
but not in the PFC or NAC (Wang et al., 2019). However, in the case in which METH

was administered with A438079, we detected a robust increase in IL-6 mMRNA levels in

the NAC. This augmentation was surprising given that a reduction in IL-6 gene expression
would be predicted in the presence of a P2X7 blockade and suggests that (1) mechanisms
other than IL-6 signaling mediate the ability of P2X7 blockade to attenuate METH-evoked
rewarding effects and (2) enhanced IL-6 levels in the NAC contribute to effects of METH
other than reward and reinforcement, such as hyperthermia or neurotoxicity. Additionally, as
noted above, effects of METH on IL-6 levels are brain-region specific, as systemic METH
causes an increase in 1L-6 levels in the VVTA that contributes to enhanced extracellular
dopamine levels in the NAC (Wang et al., 2019). Although cytokine levels in the VTA were
not analyzed in our study, future studies will determine if METH causes an increase in IL-6
MRNA and protein levels that are dependent on P2X7 receptor activation.

For the various behavioral and cellular endpoints, different doses of A438079 were required
to achieve efficacy. CPP was the primary outlier among the endpoints, as 10 mg/kg of
A438079, given after METH conditioning, completely inhibited expression of METH CPP
whereas a higher dose (50 mg/kg) was required to inhibit METH-evoked reductions in
brain reward threshold, hyperlocomotion and changes in cytokine levels. One explanation
is that the specific behavioral endpoints are mediated by different mechanisms, each with
varying degrees of sensitivity to A438079. For example, expression of METH CPP, like
relapse to psychostimulant seeking in self-administration models, is facilitated by increased
glutamate transmission from the PFC to the NAC (Hicks et al., 2017; Knackstedt and
Kalivas, 2009). Thus, disruption of glutamate transmission that facilitates expression of
METH CPP may be more sensitive to P2X7 blockade by A438079 than behavioral

effects of METH (e.g., locomotor activation and facilitation of ICSS) that rely more on
enhanced dopamine transmission. Furthermore, motor and conditioned rewarding effects of
amphetamines are mediated by mechanisms that are not entirely similar, as PKA inhibition
blocks amphetamine-evoked CPP but not locomotor activation (Aujla and Beninger, 2003).
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In summary, METH-induced reward and locomotor activation was dependent on P2X7
receptor activity and P2X7 blockade abolished the elevation in cortical IL-17A levels caused
by repeated METH exposure. The identification of crosstalk between P2X7 receptors and
IL-17A in the context of METH-evoked behaviors advances recent evidence that IL-17A
physiology extends beyond rheumatoid arthritis, psoriasis and multiple sclerosis to include
CNS diseases (Kim et al., 2021; de Lima et al., 2020; Li et al., 2019).
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Research Highlights
. P2X7 antagonist inhibited methamphetamine CPP.

. P2X7 antagonist inhibited facilitation of ICSS by methamphetamine.

. P2X7 blockade reduced methamphetamine locomotor activation.
. Repeated methamphetamine increased IL-17A levels in prefrontal cortex.
. P2X7 antagonist abolished methamphetamine-evoked cortical IL-17A levels.
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Fig 1. P2X7 antagonist inhibits METH-induced locomotor activation and CPP.
(A) Locomotor time course: Mice pretreated with A438079 (0, 5, 10, or 50 mg/kg) were

injected with METH (1 mg/kg) or saline 30 min later (at time 0). Locomotor activity
presented as mean locomotor counts. N=8 mice/group. (B) Cumulative locomotor activity:
Time-course data from (A) were quantified and presented as cumulative locomotor counts
for the 90 min-interval following METH injection. **p < 0.01 versus drug-naive mice (A438
(0 mg) + SAL) or *p < 0.05 versus mice treated with METH by itself (A438 (0 mg) +
METH). N=8 mice/group. (C) CPP: Data are presented as a difference score (difference in
time spent on METH-paired side between post-test and pre-test). N=7-8 mice/group. *p <
0.05 versus drug-naive mice (A438 (0 mg) + SAL) or *p < 0.05 versus mice conditioned
with METH alone (A438 (0 mg) + METH).
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Fig. 2. P2X7 antagonist inhibits reduction in brain reward threshold produced by METH in

ICSS assays.

Percent change in baseline reward threshold shown in (A, C,) and maximum response rate
shown in (B, D). (A-B) METH (1 mg/kg) reduces brain reward threshold without affecting
maximal response rate. N=5-6 mice/group. *p < 0.05 compared to saline-treated controls.
(C-D) A438079 (0, 5, 10, 50 mg/kg) inhibits reduction in brain reward threshold produced
by METH (1 mg/kg). N=8-9 mice/group. *p < 0.05 versus METH by itself (/.e. leftmost

column).

Brain Behav Immun. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Potula et al. Page 14
(A) Prefrontal Cortex (PFC) (B) Nucleus Accumbens (NAC)
3.09 IL47A 104 1L-1p 2516 104 IL-17A 7-IL-1p 511L-6
= =8 = 20- : _ 4
8 . . i 8, 8
% N 6 §15 M M £
H H 2 £ £ £s
L 5 2 i i 3
E £ 2 104 i 33 3
1.04 2 s 3
o5 2 05 é 2, 2 2,
1
00 [ 00 o o o
» o & & o & & &R IV >
it R o T 7 & FEE & o
& FE e FE S S &
15,0+ 1L-10 25 CCL2 150 CCLS 50- IL-10 1504 CCL2 45-CCL5
25 125 1 125 ol
12 = 204 = 4 =45
2 B 2 - - gos
+ 100 2 + 1.00 - + 100, .04
$ § 154 ] $ 30 £ §
% s ] 4 4 s .54
& 75 a 2075 & 254 ars 3
S £ 10 £ gzn 5 27
5.0- 2 2 0.504 "3 50 9
254 ? 0.254 10 -
5 =1
00 0 - 0.00 o 0 0/
& & & & & & &M &S F R & &
& 2
& & & & & & F gyv*‘,f" & ¢

Fig 3. Effects of P2X7 receptor blockade by A438079 (50 mg/kg) on METH-induced changes in
cytokine and chemokine levels in the PFC (A) and NAC (B).

Data are presented as mean pg/mg total protein for each marker. N=7-8 mice/group. *p <
0.05 or **p < 0.01 versus drug-naive mice (SAL SAL), *p < 0.05 or **p < 0.01 versus
METH alone (SAL METH)(A438 (0 mg) + METH), and #p < 0.01 versus A438079 alone
(A438 SAL).
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