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Studies on the mechanism of cannabonids on sleep modulation
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An intraperitoneal administration of A 9-THC or JWH-018 triggered
electrographic seizures in mice, recorded by EEG and videography. Administration of JWH-018
increased seizure spikes dose-dependently. Pretreatment of mice with AM-251, a cannabinoid receptor
1 (CB1R)-selective antagonist, completely prevented cannabinoid-induced seizures. The results
clearly show that the epileptogenic properties of cannabinoids are mediated via CB1R. Additionally,
CB1RKO mice show no electrographic or behavior seizures after JWH-018 administration confirming
again the mediation of seizure phenomenon by CBI1R.

Multivariate analysis of EEG in mice treated with JWH-018 and cannabocyclohexanol was performed. As

a result of discriminant analysis, both drugs were divided into a drug administration group and a

solvent administration group on the Score plot. Moreover, it was clearly shown that the EEG

grequency contributing to the drug administration group was 2.5 to 5.5 Hz (delta wave) for both
rugs.



B X C—19, F—19—1, Z2—19 (@)
1. WS P DTS 5
(1) B FesA4 RE MANOD e A4 RZHEK (CB-R) @955, CBI-R %47 L TR,
FEENDOIKT, ﬁmt@ﬁ80$m¢%%%#.ik,A%Hm(kﬁmzﬁﬁﬁ/%t/4
R) SLSHEMED 8 A4 RBIERZEET D 2 &R E ST (Murillo-Rodriguez E, et al.,
Cent. Nerv. Syst. Agents Med. Chem.,2011). L/2»L, B> E /A KB EOKICIEREENIZEES-3
BINZOWTIEARHBN S, ZHE TICFH LT, FieRERFAGHEE LT E ) A RIC
HEH LR ZIToC& 7. T LTH T E ) A RZERIEENSE (cannabicyclohexanol (CCH), JWH-
018, CP-55940) (K1) 2%, W bBAM <D 20 AR EE &2 4 I+ 5 & & bic, K
W DR E R R (2-5Hz, TR 1 v L AMEIRERICHEIRT A ) 2 A EICHEm ST S
ZEEHOEMNILE (K2). 51T, HrFE A REREIZE-oTHEREIND Z Ok #FEL
SHENT LT=& A, AN vV AEIRMIE 1T o022 % ) v L AEIRERIE R 2 78T
Z &, FEEROME DS WrEr S BT 5 Z 2V HIB L7z (X 2a, 2b) (Uchiyama N. et al., 2014,
2015). o C, BT B A FEGIZL > THES
SINTz vV AEIREROBLG: (V4§ fE O 1 (a)iRigH s (D) HFE /RS
B 1, TEROEEE CTESE SN A ZRMER VL AERROR uwm%&
LIFRL MR B EEZ LN, UL, 20 h ‘W' L
BERRAEINE A5 & 00 & 5 1 LT = % 0 Anid R WWM%W bl

T 3;) 2. JE SRR AR R
10 sec
1 g -wwﬁ@u
- \[ Lo OH o r’||‘ﬁ TP
/[;/J e 10 sec
" l FFTZ i
AS-THC Cannabicyclohexanol (CCH) (©) TIVER
s —o ()
9 ‘ on T o6 ——OAVFE/AK
N x 22
\ J/ 0 0 2 4 6 81012141618202224
Ho AR (H)
3 VR 1N N N
ssors remesen (R 2) Wl () soogh e Ao

(1) FIECEHA S FES A FOWE gy (ot | oo i e

(2) —F, ZNETIE, BADOINV—TIIMERME — T a0 A2 7 F 2V DyPGDY)N T T/

— 2 X AHERFAENCEI T 2098517 > CTZ % (Urade Y, Hayaishi O, Future Neurol., (2010) 5,
363-376). WNIAMEMEIRYE T 5 PGD, | ,mm%fﬁﬁ%ﬁm@ EETAHATORE T T
D ZEE (DP) G LTT T /v ol S5, T 7 7 > g, miiEEEIC RTE
TETT )V Aon ZER(AW-R)ZFHEILL TWAHREETIELL, oS, HERFAG XSS
2 HAIVTW D JERIFMAE SR AT EF (VLPO) OIR#) 2 i S, MERZ#FHET5. £ 2T, MR
EEfEEE T LB E LT, VRS Y VB PGD GkEEE (L-PGDS) K ONT T/ v Aon SZ IR E
fmfK#E (KO) ~7A&ZHWT, fidoGky ¥/ A4 K CCH, JWH-018, (-)-CP-55940 %
ENENEE LIz, ZO/E, 2T 6EYE R G%, BER~ T 20854 L g L T30 KO
YU ACHEWT S HIEBEOMEEHRN LRI, T, _ﬂ%3@®Amﬁ/+t
/A R®O L-PGDSKO ~ U ZDEIZ KFITEM 2t L. £O/RE, 2Toawkb&O
Bbd (c diE LT, %EWVWX&H%®%EH&ﬁmW(Lﬁm FIVEW L I EIRAR N
W) DAY FABRENAEICHEN L. 612, BAER <~y 2084 L ik LT L-PGDKO ~
T AZEBNT, ERREIROASRT MABRERL VR IN. £, o e /A Nxkh
BIZBITH~ T A0 BEFEBEEIMNHEIEN & 2 L L HERBER IR F B0 B RN 1B S 22 5
ni-. uLwF%#% H e A RO BREBEINHI LD/ > L AMEREEH OBEEIEH O
FHENZIX, L-PGDS-PGDy-(DP))-7 T/ ¥ 2 -Asa-R & 9 HEIRIE AR E RIS AR5 L T\ 5 A RE
PR SN T E A RiE, —BEICHHRKICB W TIHEER Z b 7269 & X 6503,
ﬁ%@ﬁ%%m@<%§%(LHDS&OTT///AM->%ﬁmbtv?XTﬁ@m%Wﬁ
DRI N DD, F£72 /7 b AHEIRERANEE O8RS LD DA TH 5.

2. WMIEOHB

ARWFTEiE, MEIR - REEICBD A= RS L LT, W v/ 4 ROMEIRFSICRIETE
HAEMRATHZLE2ERNET S, TxlZZNETIZ, vt/ A REEIZL DAL S HRER
EIHITER S, MEIRFASIA 7 (L-PGDS Bz 77 7 / ¥ A ZBIR) OBIR KRB~V ALK
WG, 0B INA I EERRLLE. S50, 2nbhrF e /A4 REEIZLY, fEknfEr
B2 & B B BE R SIS 5 2 L, & 51T 2 0 R MY H B 2R éﬂé%mﬂ&
B (FV 2 3%) ORI A7 N VBRI, BRI & il L C L-PGDS #fn KB~ 7 A
WT X925 Z & & R L7z (Uchiyama et al., 2014, 2015). % Z CTAHFZE T, U)ﬁy
FEIA KRBT TE A R (CB-R), L-PGDS %%/ L MEIRFAE I &0 XL 5 IC/ERT
LO0ERLNCTH. SHIT, (2) ZEEMHZ AT & 22 <2 — O FEL &2 1T



W, DT E A RITESHI 2R M 2 2 — DWW, RERDAFIRY 72 i & OFRE S, RIS
Z AL 3 5.

3. WMo Hik

(1) BEIRFAGIK 7 (U ARH Y 8 PGD & hkEE#R (L-PGDS) %) AW T B/ A R (CB-
R) OERAYFLESE, MEEIEE, X 512, CB-R ® KO « 7 Z M OMEIRF EEfEE £ 7 L8 (L-PGDS
DKO~URE) #HWT, FTHERUMEZRIEL, 1T/ A K3 CB-R CHERFAHIH
¥ (L-PGDS %) 128D X ) IcHET 0 E/Mme L.

(2) @ ORGBARMT & i, ZSEBMT 2TV, x2S 2 — > ORI E e L7z,
_ZFLE)ODF%#E AT A RITFHEREI 7RI R 2 — 22D\, AR 70 BEAR 7 E O i
B & OFRER, EELS OB & 52 T

4. WFTERRR

(1) RkAERAT > F v A4 FA>THC BViEAR T/ A4 K JWH-018) 2%&EL7=~wv
2D & B3 EBBEOEb AT, ~ 7 A2 ASTHC ZJEVENE G+ 5 &, FERITEED
TS, SO TE) & RO S FH %8 S, FOE MM X Wrsenic 4 BERILL ERRE L Gt 2
DT EDHA L. —F, TWH-018 ZEIENEG+5 &, A°-THC &Lk L C, {TEIEOHIH &
AN K0 B E D ORERRICHER SND Z ENHII L. 61, JWH-018 ICL D~ T A~D
R FHRIERANKBIREMICEZ 22 ERH LN Eo7-. £z, CBl ZRKERAFEHTIHK
AM%l%AMHCiV%JWHM8%5®3m%W CIEFERNEEE L TR L, ITEIEOINH &R
BOFERVDGERITHERTHZENHIALE (K3). > 7T, A%THC X°JWH-018 /%, CBl %
K& 9 Lfvwx TEBAEFBRETDH R ENT [1].

(a) SR S rgm&

A / NN \ 4 I
A \n\\J W \ H\ J‘.”H\ ” ]j 'L| \ A '1/ W\ ‘ H !ﬂ V‘ \’\ ”\ u, I 4 ‘w‘
I LA L \' L]

~~~~~~~~
I,WH -018,2.5 mg[kg, i.p: T

fibd B

(b)

ERRRAHEE T

A A A A AN A
Wi APy MRV S M At At ! \ta M ) MM

AM251, 5 mg[kg, i.p. JWH-018,2.5 mg[ki D, e |, —————
U R A R M R

(4 3) JIWH-018 ¥ 5% D~ v 2k (a), CBl ZAEMBEIRAIFEHIEK AM251 Z R 5 L71-%
\Z JIWH-018 Z 5% D~ v A (b)

(2) WiT, LELFHEHRT DA -THC HEOBEL ME LR R, &5 & 2.5 mgkg WS L5

FKTLHRIEHARETH 7. EHIT, M AT ML OEEAZBREACIXRIT 5 2 & 23T X D 6K
R . A7 har T Az Ra— T BRI 21T o 7. &5, A°-THC OKEREIC
X0, BE5 34 QABICEBORAERNED L2225, ASTHC HEk#H 512 L 0 KRR 22 e
DELDZ ENRENT. £, CBl ZFEETE L~ U RZHIEGTHZ L2k, A THC
BELRIWH-OI8 IZ L > THH SN DEENIMFI SN2 &b, L OEEIEMIL, CBI %
BEREZNL TR D Z EARENTZ. E5I2 CBlI AR KO ~ 7 A2 JWH-018 & JEIE# 5 L7z
5, GH?@%KO?WXjJWHM8&5% TREAE DRI F T IR TRV A R S 7o T2 T
EMD, JWH-018 OFEMEIEMIX, CBl XAFERZ L TR S Z EN%D TR I

(3) G e A REfa OFM (AR (WT) v~V A, KO~ U A, EYEHRE, Rl
B R THIE L7oiIIZDWT, SEEMNT A2 VT, W2 — o D0 F b 2 A 7.

2@ﬁ@éﬁﬁy+6/4ﬁ(mmom,mmmmwmmMmlmaD>%,%éﬂ(ww,&
OMEARTEEERE =7 LvE (VAR U U8 PGD A EklEs% (L-PGDS) @ KO ~ 7 A : LKO) |

NENEE L, BoN7SKREMEIZOWNT, MM (FFT Z£4H#) %, SOIEAR mm%ﬁ
STz, FFBIVIEIIZ OV T, B GRE & I G- RE THIBI AT (OPLS-DA, Scaling: pareto)
BAToT=. ZTORER, WT ~ 7 ZIZB\WTIE, Score plot 1C, JWH-018, CCH Wi d, HW



PeGREE R GRED 2 TN —T 12D 2 E DR TE - (M 4). £7-, Splotic kv, 3
WP 5REC B 5 B ik o J8 %0 % TWH-018, CCH WL, 2.5~5.5Hz fHE Th - 7= (X 5).
RIZ, LKO ~ 7 A IZBWTH WT & REEIZ, Scoreplot ¢, JWH-018, CCH W9 d, #Wik
HREEEIEREGHED 2 T V—T 2Tz (K6). £72, Splotic XV, EMEHHICHET D
i DJE R ENZ DN T S WT & [EARIS, JWH-018, CCH W9t 2.5~5.5 Hz fHii TH - 7= (X
7).

D 25~55Hz fHEDEWRBITT A2 (Vo L AMEIREERNIE) OHIECTH 5. ZiE, WT,
LKO WU WT bl i O AN O FFT Hl Iz X 2 i gt & AR O #5 R 2~ L72(IX 2¢).
e~ T, MWEROIIEMENTIZ L2 FFT g TIEZEE AR LIZ WM/ $Z — 1220,
SEEMNTE NS Z LT, EMBRE5EOAMEICL DMK OEREZ L AR T Z N AREL
VAESY el

8- . Vehicle
6 @ )W H2h-1 W swh-018
= 4 H-V1h- '\WH-H1h-1
f 2’ JYVVC‘H ;371.1" wvrh:-: h-3 .JWH- 3h-1 S
S 5l oo \pr2 @ | Al L > @@ IwHH2-3 3
= JWH-VN-1 @ @ whfiih-2 -
6 @ Jy/H-H1h-3
8]
-10 . . . . . .
-4 3 2 -1 0 1 2 3
1.0001 * t[1]
1749 R2Xol11 = 0.611 _..Ellipse: Hotelling o1l
R2xM11 = 0.0749
(X 4) JWH-018 # 51 K& Ot 5-1E D (IX'5) JWH-018 # 51 K& O e G- D
7 — % 225 D OPLS-DA 7’12 » k (WT 7 — 2 225D S-plot 7 12 v b (WT =
~URA) 7 A)
Iz
. 06
= | \ 04|
«E b - 5 = 027
< 5 CCH- prect - T .02
041
- 06
-15 . . : : : : 08
-8 % -4 2 0 2 4 6 . ‘ I | | | | | | |
1 05 -04 03 02 -01 0 01 02 03 04

t
24 R2xo[1] = 0.502 ~..Ellipse: Hotellin o]
R2XT11 = 0.24

(14 6) CCH #x 51 M OV LR 5o 0D fibd g (14 7) CCH #& 5-1 Jo OGR4 5-HE D i 7
T —X 5@ OPLS-DA 71 k (LKO + — 5O S-plot 7> b (LKO <7 R)
v A)

<51 k>

[1] Malyshevskaya O., Aritake K., Kaushik M.K., Uchiyama N., Cherasse Y., Kikura-Hanajiri R., Urade
Y.: Natural ( A°-THC) and synthetic (JWH-018) cannabinoids induce seizures by acting through the
cannabinoid CBI1 receptor. Scientific Reports 7: 10516. doi:10.1038/s41598-017-10447-2 (2017).
Published online: 05 September 2017.



1 1 0 1

0. Malyshevskaya, K. Aritake, M. K. Kaushik, N. Uchiyama, Y. Cherasse, R. Kikura-Hanajiri, Y. 7
Urade

Natural (A 9-THC) and synthetic (JWH-018) cannabinoids induce seizures by acting through the 2017
cannabinoid CB1 receptor

Scientific Reports 10516

DOl
10.1038/s41598-017-10447-2

3 0 2

Olga Malyshevskaya

Natural (A 9-THC) and synthetic (JWH-018) cannabinoids induce seizures through the cannabinoid CB1 receptor

Japanese-Russian Symposium, Krasnoyarsk, Russia

2018

Olga Malyshevskaya

Natural (A 9-THC) and synthetic (JWH-018) cannabinoids induce seizures through the cannabinoid CB1 receptor

9th Global Experts Meeting on Neuropharmacology

2018

Olga Malyshevskaya « )

36

2017




(Aritake Kosuke)

(70390804) (37107)
(Malyshevskaya Olga)
(20739429) (12102)




