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Recent advances in understanding the roles and molecular
mechanisms of cannabidiol in neuropsychiatric disorders

WU Jun, YU Hai-bo"

(State Key Laboratory of Bioactive Substances and Functions of Natural Medicines, Institute of Materia Medica,
Chinese Academy of Medical Science and Peking Union Medical College, Beijing 100050, China)

Abstract: Cannabis sativa, one of the ancient medicinal plants, has been used to alleviate pain and seizures.
However, cannabinoids are often addictive, which limits their clinical use. Cannabidiol (CBD) as a non-psychoactive
component of Cannabis sativa, has much weaker adverse effects than 49-tetrahydrocannabinol (THC) and therefore
has received widespread attention. CBD has been found to ameliorate a variety of neuropsychiatric diseases, but
the precise mechanism(s) of action are still unclear. Due to its low affinity for classical cannabinoid receptors
current studies are focusing on other targets outside the endocannabinoid system. In the present review we mainly
summarize the effects and molecular mechanisms of CBD in neuropsychiatric disorders, including epilepsy, neuro-
pathic pain, anxiety, and depression.
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Figure 1 Chemical structures of (+) trans-THC, (=) trans-THC, CT-3, CBD, DH-CBD, HUF-101, AEA and 2-AG (A-H). THC: 49-Tetra-
hydrocannabinol; CT-3: Ajulemic acid; CBD: Cannabidiol; DH-CBD: Dehydroxyl-cannabidiol; HUF-101: 4'-Fluorocannabidiol; AEA: N-
Arachidonoyl ethanolamine; 2-AG: 2-Arachidonoyl glycerol
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F AR . HUFHRP2IR B CBD £ AR T # &K
PRI AH DG 1) G B AR IR 32 AR MBS 7l 16 55, i Tt
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Table 1  Affected receptors and ion channels by cannabidiol. IC,,: Half inhibitory concentration; EC,,: Half effective concentration; ND:

Not described; (+): Activation; (-): Inhibition or antagonism. *Apparent allosteric modulation; ®Values in brackets represent 95% confidence

intervals
Target and effect Cell type IC,,/EC,, /umol-L* Reference
CBIR (-) HEK-293A cells ND [15]
CB2R () CHO cells 0.503 (0.022-11)° [14]
GPR55 (-) HEK-293s cells 0.445 + 0.067 [25]
a3 Glycine receptor (+) HEK-293 cells 3 [23,26]
5-HT,, receptor (+) CHO cells ND [27]
5-HT,, receptor (+) CHO cells ND [27]
5-HT,, receptor (+) Xenopus oocytes ND [28]
Adenosine Al receptor (+) ND ND [29]
TRPV1 (+) HEK-293 cells 1.0+0.1 [22]
TRPV2 (+) HEK-293 cells 1.25+0.23 [22]
TRPV3 (+) HEK-293 cells 37+16 [30]
TRPV4 (+) HEK-293 cells 0.8 [30]
TRPAL (+) HEK-293 cells 0.11 +0.05 [22]
TRPM8 (-) HEK-293 cells 0.08 +0.01 [31]
hNav1.1 (-) HEK-293 cells 20+0.1 [32]
hNav1.2 (-) HEK-293 cells 29+0.1 [32]
hNav1.3 (-) HEK-293 cells 33+0.1 [32]
hNav1.4 (-) HEK-293 cells 1.9+0.1 [32]
hNav1.5 (-) HEK-293 cells 38+0.2 [32]
hNav1.6 (-) HEK-293 cells 3.0+0.1 [32]
hNav1.7 (-) HEK-293 cells 29+0.1 [32]
Ca,3.1 () HEK-293 cells 0.813 [33]
Ca,3.2 () HEK-293 cells 0.776 [33]
Ca,3.3 () HEK-293 cells 3.63 [33]
a2p2y2L. GABA, receptor (+)* Xenopus oocytes 15.7 (8.2-30.0) [34]
a2f33y2L GABA, receptor (+) Xenopus oocytes 9.8 (6.5-14.6) [34]
a3f2y2L GABA, receptor (+)? Xenopus oocytes 14.7 (6.8-31.3) [34]
adf2y2L GABA, receptor (+)? Xenopus oocytes 3.9(2.1-7.3) [34]
adp2yo GABA, receptor (+)* Xenopus oocytes 4.8 (3.4-6.8) [34]
a562y2L GABA,, receptor (+)? Xenopus oocytes 1.5(0.3-8.2) [34]
a62y2L GABA,, receptor (+)? Xenopus oocytes 6.4 (1.2-35.5) [34]
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Figure 2 The molecular targets and potential mechanisms of

CBD in neuropsychiatric diseases
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22 K A, DA VA VR PR L B P N R AT
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FUB R R AR FB 5 RDE AR o SR, X S 2 )97 3%
AR HAFER 2 A B L, PRI 28 95 32 1 7 05
(Y6 T AT AR 2 R 2 ST e 1 — N E E . F AR
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j:% Al‘i[BZ,SZ] R

224 THEEETIBE THME TM@IE, AKHEE
WO S B T I, R T e M A R, T B4
5 IEE LA 3 ol WA, 43 4 i Cav3.1. Cav3.2 Al
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HRIA, Hr Cav3.2 i iE (1R 15 & & &1, # KT
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201 M A PV, R R UTER DRG H Cav3.2 il i 7]
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PEIR A AR OO, 75 B R 1R 2R 15 3 B0 SR 3t 48
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AH 3293 55 K BB 12 i S, 1T 48 WAY 100635 4b B
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P77 WAY 100635 Fiil 4b 2E f5, CBD 1 1E A ¥ 209, [F]
FE, 75K B A GURAZ PSR O F 200 5 2 55 10 X,
Al W %% 2| CBD $i 4 & AFE I # WAY 100635 FH 1l /1) 3
GETN Y Ah KRR P T K R R T A X Y
75t CBD J&, KRB & 41 1 Pt FeAE A o T s 7 &2
M, mAML LB, M4 T TRPVLEE K 7 PE 4
LA CPZ TiAb ¥ J5 , v 77 & 26 1) 0 45 1E A FH A B 1
GRU0A, X b2k B B AR I T & CBD M bt £ B AE H
ARV B 5-HT 2 S2 AR [380E , 1ii =3 771 & CBD W] R ji ik
WOE TRPVLIETE, & 10 75 2 B 1 28 4% 380 AR S I B
1M A CBD 1) bt £5 R AE 98 55, 1% AT g 2 B it 48 2
“CEPTET IR R R

ifF 5% & B, CBAR i $ M4 H 77 AM251 th g FH 1L
CBD [MHtfERE/E RIS, 1ZAE T fe 5 AM251FH I CBD
Xof R PRI 12 DL R R - I [ g e i A FH A G000, by
LB T, CBD X A2 B R AN B E 1 12 A B A FE 1) 1R 75
Z /IRy KR 2R 2R3, BT CBD Xf CB1R Al
CB2R A 42 fl ¥ 51 A1 7702, $8 7R & ] e A2 18 Ik 4171 1)
PRI KRR 25 A AN B E, [A) B2 IR 3 PN YR PR KRR 3R R
Guf5 5 i FEAE P,

CBD 1E N —F B A7 15, TEEEREMEITH AR
UFI R AT S . SR, 16 5 B 2 AT, I AR AL
() 45 25 )5 92 RV PR 45 SR SR i 52 CBD 3 24 [ 45 245 5
W S HAE M7 TR A . BRAh, FEBUERE DT, N LA
H I CBD KB4 HUF-101 (454 LK 1) 5 CBD M L,
3K B [F) 7 20 [ B B 4 FH 1) 77 = 52 /0 (3 mg-kg™ vs
30 mg-kg)[10s.108 PSS CBD AT 45 #1514 B2 15 5
W S A .

2.4 HNHRGE

FOAIE 2 — b DA 32 T e A 1O BRI 78 O T Il
PRAFAE () 175 26 B i, WHO 4 I 51 Ay b4 i 4= BR 5 £ 40
()88 = KR 2, 98 it 1 3] 2030 45K HE7E 8 — e,
FOAIRE A R0 ML AT VG 7 RO BE 22 A e i B
292 B RTIR T MAE 1 B R . O BT BT AR
2k g g {AY X 1/3~1/2 /) BB & . H Al
HE ) 22 PR S BUAAR 259 L 5 R 7SN D3RR ) 2%
Y 41 CBD K25 . i# £ I R T F 55 3R B, CBD
A By 45 PG EE N A G Il [X 38 B HLAMAR 1 f s,
CBD I HT AR ML AT 58 35 B 5 8006 5-HT 0 52 7 2
WIETE R IR R RGUE 55 T SR 7 Rk v 2B 5% .

FEANASEARL AL o, 45 F CBD W] 5 3 /b sh (i
TE VP S 56 A B R], AR 5 2 i B AR 25 74
K% (imipramine) AH 4, 7] A 52 00 /N RO ) PR 558
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IR ZRAT O, 1M 5-HT 0 52 M 10 # M 45 P77 WAY 100635
BHMT T CBD [{E fjusna,

A, S JiE K BT 5 BOK B N AEA & & i
2 BRAR, L 1 IS P9 A &I B2 J2 PR T AR 1 AEA B
AEA /K fift i FAAH [ $1 #1) 71] URB597 #4 7 Ik b K BR
PARE G 1 @ M sl ol A 1 [T L 2 2 QL [
CBI1R #5107 AM251 Fll ik £ 1 5-HT & B4 il 771 %) &
2K TN & R (p-chlorophenylalanine) ¥J o] [ Wi % 1F
FHusel, G, AM251 1 f¢ BH Il CBD X 55 18 7 ik 52 56
RN R N N (S LN DN G W |
KBRS PR A7 7 2 PN 9 S URBSO7 1T I 25 348 i v
HETS 1% 5-HT REAP 2 T TR R, $27R M0 518 N
M HTA I B2 2 PR KRR 3R R GG 5 7 5 R AT
e I 2 I P 17 5-HT BEAP &A% 177 A= (R AR 1 11,
34k, CBD TE MLER U] B # A RE B BY o B AT P B A
FIPLIIARE I, X — %08 5 CBD . 3 12 v 2 P {00 i 24
1% 2 N 5-HT IS & ER /K VA 2%, I8 H 5-HT, 0 %24k
REL ¥ 751) WAY 100635 1 BH I 1x 6 /F A1, 42 75 CBD 1]
R I O 5-HT |0 524K 38 58 KW B2 J2 5-HT MR &R
REfE 5 i 3 IR B AWM BUAEH . Sa i ot
R, CBD LML 55, Bt 5-HT 0 52 44 F P 544 K AR
E R G4, W] 5 BDNF-TrkB-mTOR {5 5 18 B8 0%
5| 2 5 fk ] B M AR A O,

RUE R A 2T CBD T4 IE VA I i I AR 3k
I MR KR, AR R, Bl — 8T 1 483 491 4 CBD ¥
IT 2 P 9T R0 7tk IR, £ 1/3 1) i 3 {8 CBD
JE G %A FrecEmel, CBD Ml 5 O KBTIk 2y
A H T Be g — AN SO ARAE T TR RS . Bk Ah, i —
AN CBD B HT AR ALl 7T B A H ) T H0 AR AE 1) vA
I7 P
3 RES5RE

PR R A0 2 — KB, KRN B 2%, 16 &
MEFER . AXCAYIHHEH 7 CBD & A2 i
2454, 3 ek B [ B 73 A GPCR AZ 4K M K S 4 A, i
5 5-HT . GABA HI 75 G 2 55 i 48 38 Joit A% 386 A1 i 22 7T
g PE, T A 220 R O | A RERE AN IS AE
ARG MR PRI — e AR . R, K
4 TRRE 90 0 45 B A5 e R AT B TR B, I R TR R &
(I PRAJE 72 SR 2R 78 CBD Ml AR 5 - {H RIS, CBD (1)
HIF 53 8 3 S LS AL () AT 5 R KRR 24 AN 1
AL TR IE, 5 BB 45 XME VA PR A SRS 5 1R T R
.

fEERE: REMTBELESE T XENHRE LK
B

FIFMSE: A SRR 5 R A R E R
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