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Synthetic Cannabinoid Receptor Agonist, WIN55.212.2 Inhibits
the Activation of Caspase 3 in Primary Cortical Neurons
by Chronic Hypoxia.

Ho-Chan Kim

Department of Neuropsychiatry, Kosin University, College of Medicine, Busan, Korea

— Abstract

Synthetic cannabinoid receptor agonist, WIN55.212.2 may provide neuroprotection in damages of central nervous
system, including hypoxia and ischemic diseases. Here I investigated the neuroprotective function of synthetic
cannabinoid receptor agonist (WIN55.212.2) on death induced by chronic hypoxic damages in the primary cultured
cortical neurons and tested the hypothesis that WINS55.212.2 modulates the caspase 3 activation, as key features induced
by chronic hypoxia. WIN55.212.2 inhibits hypoxia-induced the activation of caspase 3 expression. Also it induces AKT
phosphorylation in chronic hypoxia but not ERK phosphorylation. These data support that WIN would have a
neuroprotective function in chronic hypoxia through the AKT intracellular signaling pathway. Also it suggested that
WINS55.212.2 may be candidate for treatment of chronic hypoxia.
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Lot 92 A7 Axe] YxPF (primary cortical
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2. Western blotting
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Fig. 1. WIN inhibits hypoxia-induced activation of caspase 3.
Upper panel: Representative Western blots for cleaved caspase
3 in lysates of primary cerebral neuronal cultures in the
presence or absence of WIN (normalized for ERK2
expression). Lower panel: Quantitation of cleaved caspase3
expression in primary cerebral neurons as described above.
Note that there are changes in cleaved caspase 3 expressions
on in hypoxic cultures with administration of WIN.
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Fig. 2. WIN induces AKT phosphorylation in primary cultured
neurons. Upper panel: Representative Western blots for pAKT in
lysates of primary cerebral neuronalcultures in the presence or
absence of WIN (normalized for AKT expression). Lower panel:
Quantitation of pAKT expression in primary cerebral neurons as
described above. Note that there are changes in pAKT
expressions on in hypoxic cultures with administration of WIN.
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Fig. 3. WIN induces ERK phosphorylation in primary
cultured neurons. Upper panel: Representative Western blots
for pERK in lysates of primary cerebral neuronalcultures in
the presence or absence of WIN (normalized for ERK2
expression). Lower panel: Quantitation of pERK expression
in primary cerebral neurons as described above. Note that
there are no changes in pERK expressions on in hypoxic
cultures with administration of WIN.

TS ERKE] 14HsHE ghelst7] 98t pERK 3
Felstgioyy, RE  AFAA  pERKY] W3
s s 4 Il pERKe] wE-e 7t 43
Aol X &= Zko] 7} 1Stk (Fig. 3). ol g A=
Xakas 2ol o gk Al ZApE Ao gk WINS] A
H‘OL ERKS] <QlAkstel] ojgh 21 Hrh AKT <l

2 og

Moox B tle alo

B e e O

=2

XMzte] A3s B8l Thbeolses v MAka
7ol of3] EAdstE caspase 3& A SFATh Caspase
3¢9 ASE AAlstke AEE gRlstr] flste] ERK
pathway &} AKT pathway B 283 A3} 2 AKTO]
Al E % O ZH cagpase 32 FAIE Aom
A ZYET) A3 0 F caspase 39 A IS T3l Ml EQ
A AHapoptosis) & JA| = Aoz AZtET)

H) X% 2] wkA] XAFAZ (Chronic sublethal hypoxia)%

T YA R HE F U A o
= %*éx‘l’&i%‘ of vlaf} = S ]
ZEH o
%£ N73AE 2

Ak 2
17 thah

I} apoptosisE %=
ok o] MEAPE S ’3]“—

\l_l.u

ot N oN 7 ¥° oo
r° do o >§‘f{ £ =

ol

3

i

1,

v

N

<‘;||

o T

+

rEI

oX,

‘p.l

[o

B
Pr

_30_



ol

Ny

FeeolE 84 2H8 &
B A7 Sl A
factor(HIF) & -3k thefsh A2z o
4 3}3 3 apoptosisE §E &}
2 FF A XMakagh o] apoptosisE i StE Al
W 71H0R caspase BEE Fot o]Fo] Xth=
ARdel BuEPoEY 2 capsase 35 Aslel=
22X ERK pathway$ AKT pathway7} L&A
gon T XitA M= AKT pathway /2
oty gEA Uk Mzre] AelHm AKT
pathwayE &3l  AEAPE  o]FoAE o=
Rl ATt Eg o AF oA WINEG Fofstle o
caspase 32| EA43l7} A E 3L AKTE] Q14ksbrt Z71st
ZLZWINe| o] gk A7 A| 2 Whoj 7] 3 o] AKT 25 53l
dojdrh= A& A= Aot
FhpH] o] =0 A717F ARES ¥ 7159 Rk
o7 dojdtiar g Aok g2 4% o
o|atH wlelshte] HIvgh A8 12l &
Z018 Aol 7]} Holl So] vyehdty Y A
AREALE] 73 HERAd Aol R7A] FUtethal
stk olglg o8 Aot o] FE AP A=
352l
&

hypoxic-inducible
RS = oo i

fAkeHAl UERgTE Y mlalsiue] AAAl B4R
tetra-hypocannabinolS  7]17F FoIgk  F oA g
ol 7F vrebstth?” Fhub|mol=e] 7] Fodvt F 9]

slulel  EgA7IE AAol FEstEel WEA
@t mIsAY olm sjukel AAAEe
Aol Frbelm WehElE AAAEe] ARWEsL

Aasid, B719 Aoyt aske o W)

dofutriar ST Wl FE vl A A EA A= A X

Apo] Z7)sheh T ,6]_011—/}.%)

T8y o) 9} w2 WIN 7He §H4 Fhu] o] =o)

o AAHE W2 §rsls Aoz dEA Utk

3] F18A AFo|A AAME Wolo] I =A==
H

H

0

(

-t

e Esh sivlelME ABAZ geist
FFHAG BIHJE TG FA AYAHE o5
4 F)eo] S8 Fold A5 744 ¥-919] )7}

ﬁﬁﬂumhoEATﬁﬂAdﬂmﬁliﬂ%ﬂ
T AER A el BE AFE WS %
M ALg Fa shulmol =7} 417 ol
e Amf A5 DY AAE Fal BT 5
M) 49 Ak Fhpuleo] 27} why KAk 3
o7 wegol Yol AmAlel st B 4

o)
2R

E79] WINo| vHd XAkA 3

ZgolA gt th= 2 AA L) caspase 3 BAYSHE AR

AN ske Aol

FIER

1) Guzman M: Neurons on cannabinoids: dead or alive? Br J
Pharmacol 140: 439-440, 2003

2) Howlett AC: Efficacy in CBIl receptor-mediated signal
transduction. Br J Pharmacol 142: 1209-1218, 2004

3) Ameri A: The effects of cannabinoids on the brain. Prog
Neurobiol 58: 315-348, 1999

4) Chaperon F, Thiebot MH: Behavioral effects of cannabinoid
agents in animals. Crit Rev Neurobiol 13: 243-281, 1999

5) Mechoulam R, Panikashvili D, Shohami E: Cannabinoids and
brain injury: therapeutic implications. Trends Mol Med &:
58-61, 2002

6) Amaya F, Shimosato G, Kawasaki Y, Hashimoto S, Tanaka Y,
Ji RR, Tanaka M: Induction of CBI cannabinoid receptor by
inflammation in primary afferent neurons facilitates
antihyperalgesic effect of peripheral CBI agonist. Pain 124:
175-183, 2006

7) Felder CC, Joyce KE, Briley EM, Mansouri J, Mackie K,
Blond O,Lai Y, Ma AL, Mitchell RL: Comparison of the
pharmacology and signal transduction of thehuman
cannabinoid CBI and CB2 receptors. Mol Pharmacol 48:
443-450, 1995

8) Mechoulam R, Hanus L, Fride E: Towards cannabinoid
drugs--revisited. Prog Med Chem 35: 199-243, 1998

9) Baker D, Pryce G, Davies WL, Hiley CR: In silico patent
searching reveals a new cannabinoid receptor. Trends
Pharmacol Sci 27: 1-4, 2006

10) Gong JP, Onaivi ES, Ishiguro H, Liu QR, Tagliaferro PA,
Brusco A, Uhl GR: Cannabinoid CB2 receptors:
immunohistochemical localization in rat brain. Brain Res
1071: 10-23, 2006

11) Piomelli D, Giuffrida A, Calignano A, Rodriguez de Fonseca
F: The endocannabinoid system as a target for therapeutic
drugs. Trends Pharmacol Sci 21: 218-224, 2000

12) Guzman M, Sanchez C, Galve-Roperh I: Cannabinoids and
cell fate. Pharmacol Ther 95: 175-184, 2002

13) van der Stelt M, Veldhuis WB, Bar PR, Veldink GA,
Vliegenthart ~ JF, Nicolay K:  Neuroprotection by
Delta9-tetrahydrocannabinol, the main active compound in
marijuana, against ouabain-induced in vivo excitotoxicity. J
Neurosci 21: 6475-6479, 2001

14) Mechoulam R, Spatz M, Shohami E: Endocannabinoids and
neuroprotection. Sci STKE 2002: RES, 2002

15) Hack M, Friedman H, Fanaroff AA: Outcomes of extremely
low birth weight infants. Pediatrics 98: 931-937, 1996

16) Vannucci RC, Christensen MA, Stein DT: Regional cerebral
glucose utilization in the immature rat: effect of
hypoxia-ischemia. Pediatr Res 26: 208-214, 1989

17) Yager JY, Thornhill JA: The effect of age on susceptibility
to hypoxic-ischemic brain damage. Neurosci Biobehav Rev
21 167-174, 1997

_31_



A

£

2 o] 7o)

2%

kx| #2449 13, 2009

18) Sestan N, Artavanis-Tsakonas S, Rakic P: Contact-dependent
inhibition of cortical neurite growth mediated by notch
signaling. Science 286: 741-746, 1999

19) Ogunshola OO, Antic A, Donoghue MJ, Fan SY, Kim H,
Stewart WB, Madri JA, Ment LR: Paracrine and autocrine
functions of neuronal vascular endothelial growth factor
(VEGF) in the central nervous system. J Biol Chem 277
11410-11415, 2002

20) Kim H, Li Q, Hempstead BL, MadriJA: Paracrine and
autocrine functions of brain-derived neurotrophic factor
(BDNF) and nerve growth factor (NGF) in brain-derived
endothelial cells. J Biol Chem 279: 33538-33546, 2004

21) Kang K, Baek J, Kim G, Kim H: EPO rescues cultured
cortical neuron from chronic sublethal hypoxia. Korean J
Phys Anthrop 16: 583-590, 2005

22) Block RI: Does heavy marijuana use impair human cognition
and brain function? Jama 275: 560-561, 1996

23) Ehrenreich H, Rinn T, Kunert HJ, Moeller MR, Poser W,
Schilling L, Gigerenzer G, Hoehe MR: Specific attentional
dysfunction in adults following early start of cannabis use.
Psychopharmacology (Berl) 142: 295-301, 1999

24) Pope HG, Jr., Yurgelun-Todd D: The residual cognitive
effects of heavy marijuana use in college students. Jama 275:
521-527, 1996

25) Herning RI, Better WE, Tate K, Cadet JL: Marijuana abusers
are at increased risk for stroke. Preliminary evidence from
cerebrovascular perfusion data. Ann N Y Acad Sci 939:
413-415, 2001

26) Mouzak A, Agathos P, Kerezoudi E, Mantas A,
Vourdeli-Yiannakoura E: Transient ischemic attack in heavy
cannabis smokers--how 'safe’ is it? Eur Neurol 44: 42-44,
2000

27) Stiglick A, Llewellyn ME, Kalant H: Residual effects of
prolonged cannabis treatment on shuttle-box avoidance in the
rat. Psychopharmacology (Berl) 84: 476-479, 1934

28) Morris RG, Garrud P, Rawlins JN, O'Keefe J: Place
navigation impaired in rats with hippocampal lesions. Nature
297: 681-683, 1982

29) Lawston J, Borella A, Robinson JK, Whitaker-Azmitia PM:
Changes in  hippocampalmorphology following chronic
treatment with the synthetic cannabinoid WIN 55,212-2.
Brain Res 877: 407-410, 2000

30) Chan GC, Hinds TR, Impey S, Storm DR: Hippocampal
neurotoxicity of Delta9-tetrahydrocannabinol. J Neurosci 18:
5322-5332, 1998

31) Nagayama T, Sinor AD, Simon RP, Chen J, Graham SH, Jin
K, Greenberg DA: Cannabinoids and neuroprotection in
global and focal cerebral ischemia and in neuronal cultures.
J Neurosci 19: 2987-2995, 1999

_32_



