Table 1

olfactory bulb (RZER)
olfactory cortex (ZH)
lateral septum (9MAIRFE#%)
cingulate cortex (FFIREZE)

bed nucleus of stria

terminalis ( %3 FR5&FK% )
lateral preoptic area (FMARFRATEF)
medial preoptic area (RAIRRFRATE)

paraventricular nucleus of
hypothalamus (fRER FERZ£E#%)

paraventricular nucleus of

thalamus (fRAERZEE#%)

central amygdala (BHk&HDRZ)
supraoptic nucleus ({83 E4%)
dorsomedial

hypothalamus (#RPK T&RE AIX)
ventromedial

hypothalamus (#RF& FEBAIRERIZ)
auditory cortex (BEEEF)
posterior

hypothalamus ( &&B#%K FER)
parabrachial nucleus (1) Vix#ii#%)
locus coeruleus (FH%)
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ST [V - A 5-fluoro-ADB+ / JWH-018+

B 5-fluoro-ADB+ / JWH-018+, A®-THC-

C 5-fluoro-ADB+ / JWH-018+, A>-THC+

ERTEE L~ e I THBLDN AR 572, 5-fluoro-ADB & TWH-018 TIi@L TIEMEL S DB
(A), 5-fluoro-ADB & JWH-018 X o CTHEMELZINDHMA-THC TIXIEHEILSI R W EEE(B),
5-fluoro-ADB, JWH-018, A>-THC Tl L TIEME(LS A EI(C)Z MK 3D £7 /L EITRLTE.
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A-C, A°-THC, ADB, JWH-018 K U= h— /L (Ethanol/emurphor® EL-620/4E¥&HE7K (1/1/18) Xi%
DMSO/ emurphor® EL-620/AEF &K (1/1/18)) 5 L=~V A0 BHkEH LEZ(A), EFEB), R
F L (CODFNFNOEE TR ESNT cfos mRNA 27V OEEEFHEILZ. 7T 713 E
+SEM ZRLCWA. Fiz, V' I7RiZarha— L b EW IR EHEL ORI T Student’s t-test (unpaired)z
1ToTefE R%a R L7z (*,P<0.001; ns, P>005) .

D, A>-THC, ADB, JWH-018 DZNENDILEMERE LTc vV AR NEEZ &R &Lz ha—L <y
ADEEPVN) R O _ERA(SONTEITD c-fos mRNA ORHERLE (K EE) . EFBLOTO
BIZENENRE EHE(SO) R OEFZPVN)DIERKZRLTE.
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JWH-018 /% CB; %&£ (CBIR) & CBy &K
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Table 1. Representative components, which were altered by chronic herein-treatment, in the brain of
male C57BL/6J mice. (Top metabolite predictions)

Representative components altered by heroin

Increased Reduced
Amino acids Amino acids
D-proline L-glutamate L-tyrosine
L-methionine homoserine

N-acetylaspartate

TCA intermediates Fatty acid metabolism
citrate carnitine arachidonic acid
Neurotransmitter Neurotransmitter
noradrenaline metanephrine tryptamine
dopamine
Nucleotide Nucleotide
AMP CMP IMP
GMP XMP
Others Others
Tnosine glucose-6-phosphate

Abbreviations: CMP, Cytidine monophosphate; AMP, Adenosine monophosphate; GMP, Guanosine
monophosphate; XMP, Xanthosine monophosphate; IMP, Inosine monophosphate

Table 2. Representative components, which were altered by A°>-THC -treatment, in the brain and
serum of male C57BL/6J mice.

Representative components altered by A’-THC

sample Increased Reduced
Amino acids Amino acids
. L-gl i N- t
brain glutamine acetylaspartate
Neurotransmitter
serotonin
Amino acids Amino acids
L-glutamine L-methionine N-stearoyl tyrosine
L-phenylalanine
serum
Endocannabinoids Fatty acid metabolism
virodhamine carnitine

anandamide (18:3, n-6)
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Table 3. Representative components, which were altered by JWH-018-treatment, in the brain and
serum of male C57BL/6J mice.

Representative components altered by JWH-018

sample Increased Reduced
Amino acids Amino acids
glutamic acid N-acetyl-aspartate
Endocannabinoids

anandamide (20:5, n-3)

anandamide (18:3, n-6)
TCA intermediates

brain succinic acid

Fatty acid metabolism

acetylcarnitine linoleyl carnitine
Nucleotide
AMP
Others
glutathione disulfide tyramine-O-sulfate
Amino acids Amino acids
L-glutamine L-phenylalanine N-stearoyl tyrosine

L-tyrosine

Endocannabinoids
2-arachidonoylglycerol virodhamine

serum
Fatty acid metabolism

carnitine
Others
D-glucose 3-ketosphingosine

myoinositol
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Fig. 1. Principle component analysis of a change in the profile of brain metabolome by heroin in
positive ion mode

Male mice were exposed either to heroin (15 pmol/kg, i.p., twice in a day, 12 days) or vehicle alone
(each N=10), and their metabolomic profile in the cerebrum was analyzed. Panel A represents the score

plot of the control and heroin group. B is the S-plot analyzed by positive ion mode between the control and

heroin group.
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Fig. 2. Principle component analysis of a change in the profile of brain and serum metabolomes by
A°-tetrahydrocannabinol (A’-THC) in positive ion mode

Male mice were exposed either to heroin (5.6 mg/kg/day, i.p., 12 days) or vehicle alone (each N=10),
and their metabolomic profiles in the cerebrum and serum were analyzed. Panel A represents the score
plot of the control and A’-THC group. B is the S-plot analyzed by positive ion mode between the control
and A°-THC group. Left panels, serum; right panels, cerebrum. In the experiments for serum, quality
control (QC) was also performed using the sample obtained by mixing the same volume of all samples in

both groups.
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Fig. 3. Principle component analysis of a change in the profile of brain and serum metabolomes by

JWH-018 in positive ion mode

Male mice were exposed either to JWH-018 (6 mg/kg, i.p.) or vehicle alone (each N=10), and their

metabolomic profiles in the cerebrum and serum were analyzed. Panel A represents the score plot of the

control and JWH-018 group. B is the S-plot analyzed by positive ion mode between the control and

JWH-018 group. Left panels, serum; right panels, cerebrum.
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A Cloud Plot 458 features with p-value < 0.01, fold change 2 1.5 B Cloud Plot 181 features with p-value < 0.01, fold change 2 1.5
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Fig. 4. Cloud plot showing discriminatory ion features (positive ion data) in serum (A) and brain (B)
of mice treated with JWH-018

Data set from Fig. 3 were analyzed in XCMS online and the interactive cloud plot was integrated.
Panels A and B represent the cloud plots of serum and cerebrum, respectively. lons significantly increased
and decreased were shown in green and red respectively. The size of each circle corresponds to the log fold
change of the feature: the larger the bubble, the larger the fold changes. The statistical significance of the
fold change, as calculated by a Welch t-test with unequal variances, is represented by the intensity of the

feature’s color where features with low p-values are brighter compared to features with high p-values.
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