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No signs of toxicity or serious side effects have been 

observed following chronic administration of cannabidiol to 

healthy volunteers (Cunha et al., Pharmacology 

21:175-185, 1980), even in large acute doses of 700 mg/day 

(Consroe et al., Pharmacol. Biochem. Behav. 40:701-708, 

1991) but cannabidiol is inactive at the NMDA receptor. 
Hence in spite of its potential use in treating glaucoma and 

seizures, cannabidiol has not been considered a neuropro- 

tective agent that could be used to prevent glutamate 

induced damage in the central nervous system. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a new class of 

antioxidant drugs, that have particular application as 

neuroprotectants, although they are generally useful in the 

treatment of many oxidation associated diseases. 

Yet another object of the invention is to provide a subset 

of such drugs that can be substantially free of psychoactive 

or psychotoxic effects, are substantially non-toxic even at 

very high doses, and have good tissue penetration, for 

example crossing the blood brain barrier. 

It has surprisingly been found that cannabidiol and other 

cannabinoids can function as neuroprotectants, even though 

they lack NMDA receptor antagonist activity. This discovery 

was made possible because of the inventor’s recognition of 

a previously unanticipated antioxidant property of the can- 

nabinoids in general (and cannabidiol in particular) that 
functions completely independently of antagonism at the 

NMDA, AMPA and kainate receptors. Hence the present 

invention includes methods of preventing or treating dis- 

eases caused by oxidative stress, such as neuronal hypoxia, 

by administering a prophylactic or therapeutically effective 

amount of a cannabinoid to a subject who has a disease 

caused by oxidative stress. 

The cannabinoid may be a cannabinoid other than THC, 

HU-210, or other potent cannabinoid receptor agonists. The 

cannabinoid may also be other than HU-211 or any other 

NMDA receptor antagonist that has previously been 

reported. A potent cannabinoid receptor agonist is one that 

has an EC. at the cannabinoid receptor of 50 nM or less, but 

in more particular embodiments 190 nM or 250 nM or less. 

In disclosed embodiments the cannabinoid is not 

psychoactive, and is not psychotoxic even at high doses. In 

some particularly disclosed embodiments, the cannabinoid 

is selected from the group: 

OR, 

Rg 

where A is aryl, and particularly 

Rs 

HC 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

but not a pinene such as: 

Rs 

x 
and the R,—-R; groups are each independently selected from 

the groups of hydrogen, lower substituted or unsubstituted 

alkyl, substituted or unsubstituted carboxyl, substituted or 

unsubstituted alkoxy, substituted or unsubstituted alcohol, 

and substituted or unsubstituted ethers, and R,-R, are H or 

methyl. In particular embodiments, there are no nitrogens in 

the rings, and/or no amino substitutions on the rings. 

In other embodiments, the cannabinoid is one of the 

following: 

  
Rio 

where there can be 0 to 3 double bonds on the A ring, as 

indicated by the optional double bonds indicated by dashed 

lines on the A ring. The C ring is aromatic, and the B ring 

can be a pyran. Particular embodiments are dibenzo pyrans 

and cyclohexenyl benzenediols. Particular embodiments of 

the cannabinoids of the present invention may also be highly 

lipid soluble, and in particular embodiments can be dis-
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5 
solved in an aqueous solution only sparingly (for example 
10 mg/ml or less). The octanol/water partition ratio at 
neutral pH in useful embodiments is 5000 or greater, for 
example 6000 or greater. This high lipid solubility enhances 
penetration of the drug into the CNS, as reflected by its 
volume of distribution (V,,) of 1.5 L/kg or more, for example 
3.5 L/kg, 7 L/kg, or ideally 10 L/kg or more, for example at 
least 20 L/kg. Particular embodiments may also be highly 
water soluble derivatives that are able to penetrate the CNS, 
for example carboxy] derivatives. 

R,.43 are independently selected from the group of H, 
substituted or unsubstituted alkyl, especially lower alkyl, for 
example unsubstituted C,—C, alkyl, hydroxyl, alkoxy, espe- 
cially lower alkoxy such as methoxy or ethoxy, substituted 
or unsubstituted alcohol, and unsubstituted or substituted 
carboxyl, for example COOH or COCH,. In other embodi- 
ments R,_,, can also be substituted or unsubstituted amino, 
and halogen. 

The cannabinoid has substantially no binding to the 
NMDAr (for example an IC, greater than or equal to 5 uM 
or 10 uM), has substantially no psychoactive activity medi- 
ated by the cannabinoid receptor (for example an IC., at the 
cannabinoid receptor of greater than or equal to 300 nM, for 
example greater than 1 uM and a K, greater than 250 nM, 
especially 500-1000 nM, for example greater than 1000 
nM), and antioxidant activity, as demonstratable by the 

Fenton reaction or cyclic voltametry. 

In other particular embodiments, the cannabinoids are one 

of the following: 

Rio 

Roo 
ORa 

Rg3 Ros 

A ™ orf 

Rao Rog 

Rio 

Rao 
C OH 

OH Rog 

Rio 

Rao 
(> OH 

0 Ro 

where R,, is substituted or unsubstituted alkyl, such as 

lower alkyl (for example methyl), lower alcohol (such as 
methyl alcohol) or carboxyl (such as carboxylic acid) and 
oxygen (as in =O); R,, is hydrogen or hydroxy; R,, is 
hydrogen, hydroxy, or methoxy; R,, is hydrogen or 

hydroxy; R,, is hydrogen or hydroxy; R,, is hydrogen or 

hydroxy; R..; is hydrogen or hydroxy; and R,, is substituted 

or unsubstituted alkyl (for example n-methyl alkyl), substi- 

tuted or unsubstituted alcohol, or substituted or unsubsti- 

tuted carboxy. 

10 

15 

20 
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40 
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50 
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65 

6 
In yet other embodiments of the invention, the cannab- 

inoids are 

  

wherein numbering conventions for each of the ring posi- 

tions are shown, and R,,, Ro, and R35, are independently 

selected from the group consisting of H, unsubstituted lower 

alkyl such as CH, and carboxyl such as COCH,. Particular 

examples of nonpsychoactive cannabinoids that fall within 

this definition are cannabidiol and 

  

and other structural analogs of cannabidiol. 

In more particular embodiments, the cannabinoid is used 

to prevent or treat an ischemic or neurodegenerative disease 

in the central nervous system of a subject, by administering 

to the subject a therapeutically effective amount of a can- 

nabinoid to protect against oxidative injury to the central 

nervous system. The cannabinoid may be any of the com- 

pounds set forth above, or more specifically 

  

wherein R,,, R53, and R,,. are independently selected from 
the group consisting of H, lower alkyl such as CH, and 

carboxyl such as COCHS, and particularly wherein 

a) R,7=R2.=R29=H 

b) R.7=Ro9=H; R2,=CH, 

c) Ro7=R2,=CH3; Ro=H 

d) R27=R2g=COCH,; R,o=H 
e) R,7=H; R,=R,9.>=COCH, 

When R,7=R,.=R;,=H, then the compound is cannabidiol. 

When R,,=R,,=H and R,.=CH;, the compound is CBD 

monomethyl ether. When R,,=R,,.=CH, and R.,.=H, the 

compound is CBD dimethyl ether. When R,7=R,,.=COCH, 

and R,.=H, the compound is CBD diacetate. When R,,=H 
and R,,=R,.=COCH,, the compound is CBD monoacetate. 

The ischemic or neurodegenerative disease may be, for
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21 22 

Rig 

Rao Ryo 

Rat Roo 

Ros Ros 

O° 

Roo Raa ° Ras 

Compound Ryo Roo Ry Rap Ros Rag Ros Ros 

H 5 7-OH-A-THC CH.OH #H H H H FH 4 CsHiy 
H 6 6a-OH-A*-THC CH, «OH 
H 7 6B-OH-A-THC CH,  p-OH 

8 1"-OH-At-THC CH, OH 

H 9 2"-OH-A'-THC CH; OH 

10 3"-OH-A'-THC CH; OH 

11 4"-OH-At-THC CH; OH 

H 12 6a,7-diOH-At-THC CH,OH «c-OH 

H 13 6v,7-diOH-A-THC CH,OH p-OH 
14 1",7-diOH-A*-THC CH,OH OH 

H 15 2",7-diOH-A*-THC CH,OH OH 

H 16 3",7-diOH-A-THC CH,OH OH 

H 17 4",7-diOH-A'-THC CH,OH OH 

18 1",6B-diOH-A1-THC CH,  p-OH OH 
19 1",3"-diOH-At-THC CH; OH OH 

20 1",60,7-triOH-A*-THC CH,OH «c-OH OH 

H 21 A*-THC-6-one CH, = 
22 Epoxyhexahydrocannabinol CH; 

(EHHC)* 
23 T-oxo-A*-THC CHO 

H 24 A*-THC-7"-oic acid COOH 

H 25 ALTHC-3"-oic acid CH, CjH,COOH 
H 26 1"-OH-At-THC-7"-oic acid COOH OH 

H 27 2"-OH-A!-THC-7"-oic acid COOH OH 

H 28 3"-OH-A'-THC-7"-oic acid COOH OH 

H 29 4"-OH-A'-THC-7"-oic acid COOH OH 

H 30 3",4",5"-trisnor-2"-OH-At- COOH C,H,OH 

THC-7-oic acid 
H 31 7-OH-A'-THC-2"-oic acid CH,OH CH,COOH 

H 32 6B-OH-Al-THC-2"-cic acid CH;  -OH CH,COOH 
H 33 7-OH-A"-THC-3"-oic acid CH,OH C,H,COOH 

H 34 6B-OH-A"-THC-3"-cic acid CH;  —-OH C,H,COOH 
H 35 60-OH-A-THC-4"-oic acid CH, OH C;H,COOH 
H 36 2",3"-dehydro-6U-OH-At- CH; a-OH C3;H,COOH 

THC-4"-oic acid 
H 37 A'-THC-1",7-dioic acid COOH COOH 

H 38 At-THC-2",7-dioic acid COOH CH,COOH 

H 39 At-THC-3",7-dioic acid COOH C,H,COOH 

H 40 At-THC-4",7-dioic acid COOH C;H,COOH 

H 41 1",2"-dehydro-A*-THC-3",7-_ COOH C,H,COOH 

dioic acid 
H 42 A*-THC-glucuronic acid CH, gluct 
H 43 A*-THC-7-oic acid COO - gluct 

glucuronide 

*Epoxy group in C-1 and C-2 positions 
*Gincuronide 
Note: R-group substituents are H if not indicated otherwise. 

Chemical structures of some of the dibenzopyran cannab- 55 -continued 

inoids are shown below. 
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O° COOH 

COOH 

COOH 

32 

33 

34 
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-continued 

38 41 
COOH 

5 
OH 

COOH (> 
10 O A~ coon 

39 

15 

EXAMPLE 11 

COOH 20 - 
Examples of Structural Analogs of Cannabidiol 

40 

25 The following table lists examples of some cannabinoids 

which are structural analogs of cannabidiol and that may be 

useful as antioxidants in the method of the present invention. 

A particularly useful example is compound CBD, canna- 

COOH 39 _bidiol. 

Compound Rio Roo Ra Rog Rog Rog Ros Row 

Rig Rig 

R20, Roo 
OR OH 

Rx Ras 

AN off OH Ros 

Ro Roy 

44 CBD CH; H H H H 4H 4H CsHi 

45 7-OH—CBD CH,OH 

46 6a- CH; a-OH 

47 6B- CH; p-OH 

48 1"- CH, OH 

49 2". CH, OH 

50 3"- CH, OH 

51 4"- CH; OH 

52 5" CH; C,HgCH,OH 

53 6,7-diOH—CBD CH,OH OH 

54 3",7-diOH—CBD —_CH,OH OH 

55 4",7-diOH—CBD —_CH,OH OH 

56 CBD-7-oic acid COOH 

57 CBD-3"-oic acid CH, C,H,COOH
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27 28 

-continued 

Compound Rio Roo Roy Roo Ro; Roy Ros Roe 

Rio Rio 

Roo Rao 
ORa OH 

Ra Ros 

Oo Oo Rae 

Roo Ra 

58 CBN CH; H H H H 4H 4H CsHi 
59 7-OH—CBN CH,OH 
60 1"-OH—CBN CH, OH 
61 2"-OH—CBN CH; OH 
62 3"-OH—CBN CH; OH 
63 4"-OH—CBN CH; OH 
64 5"-OH—CBN CH, C,H,CH,OH 
65 2"-7-diOH—CBN —_CH,OH OH 
66 CBN-7-oic acid COOH 

67 CBN-1"-oic acid CH; COOH 
68 CBN-3"-oic acid CH, C,H,COOH 

Note: R-group substituents are H if not indicated otherwise. 

The invention being thus described, variation in the 7. The method of claim 2, wherein the cannabinoid is: 

materials and methods for practicing the invention will be 

apparent to one of ordinary skill in the art. Such variations 30 OR; 

are to be considered within the scope of the invention, which A Ry 

is set forth in the claims below. 

We claim: 35 Re 

1. A method of treating diseases caused by oxidative 

stress, comprising administering a therapeutically effective where ; ; 
amount of a cannabinoid that has substantially no binding to A is cyclohexyl, substituted or unsubstituted aryl, or 
the NMDA receptor to a subject who has a disease caused by 40 

oxidative stress. Rs 

2. The method of claim 1, wherein the cannabinoid is 

nonpsychoactive. 

3. The method of claim 2, wherein the cannabinoid has a 

volume of distribution of 10 L/kg or more. 45 

4. The method of claim 1, wherein the cannabinoid is not Hac. 

an antagonist at the NMDA receptor. 

5. The method of claim 1, wherein the cannabinoid is: 

CH; 50 but not a pinene; 

1 R, is H, substituted or unsubstituted alkyl, or substituted 

or unsubstituted carboxyl; 

R, is H, lower substituted or unsubstituted alkyl, or 

alkoxy; 

5 R, is of H, lower substituted or unsubstituted alkyl, or 

substituted or unsubstituted carboxyl; 

R, is H, hydroxyl, or lower substituted or unsubstituted 

alkyl; and 

60  &s 1s H, hydroxyl, or lower substituted or unsubstituted 

alkyl. 

8. The method of claim 7, wherein 

where R is H, substituted or unsubstituted alkyl, carboxyl, R, is lower alkyl, COOH or COCH;; 

alkoxy, aryl, aryloxy, arylalkyl, halo or amino. R, is unsubstituted C,-C, alkyl, hydroxyl, methoxy or 

65 ethoxy; 

6. The method of claim 5, wherein R is H, substituted or 

unsubstituted alkyl, carboxyl or alkoxy. 

R, is H, unsubstituted C,-C, alkyl, or COCH,; 

R, is hydroxyl, pentyl, heptyl, or diemthylheptyl; and
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Rs is hydroxyl or methyl. 

9. The method of claim 1, wherein the cannabinoid is: 

or 

  

where R,, R, and R, are independently H, CH,, or COCH3. 

10. The method of claim 9, wherein the cannabinoid is: 

  

where: 

a) R,=R,=R,=H; 

b) R,=R,=H, R,=CH,; 

c) R,=R,=CH,, R,=H; 

d) R,=R,=COCH,, R,=H; or 

e) R,=H, R,=R,=COCH,. 
11. The method of claim 2, wherein the cannabinoid is: 

Rig 

OR2 

or 

wn
 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

30 
-continued 

Rio 

Roo ORs, 

Ro3 Ros 

a OH 

Roo Raq 

where R,, is H, lower alkyl, lower alcohol, or carboxyl; R.5 
is H or OH; and R,,-R., are independently H or OH. 

12. The method of claim 11, wherein R,, is H, CH;, 
CH.,OH, or COOH, and R.,,-R,, are independently H or 
OH. 

13. The method of claim 2, wherein the cannabinoid is: 

Rio 

Rag 
OH 

or 

OH Ry¢ 

Rio 

Rao 
OH 

where R,, and R3, are H, and R,, is alkyl. 
14. The method of claim 10, wherein the cannabinoid is 

cannabidiol. 

15. A method of treating an ischemic or neurodegenera- 

tive disease in the central nervous system of a subject, 

comprising administering to the subject a therapeutically 

effective amount of a cannabinoid, where the cannabinoid is 

OR 

  

where R is H, substituted or unsubstituted alkyl, carboxyl, 

alkoxy, aryl, aryloxy, arylalkyl, halo or amino. 

16. The method of claim 15, wherein the cannabinoid is 

not a psychoactive cannabinoid. 

17. The method of claim 15 where the ischemic or 

neurodegenerative disease is an ischemic infarct, Alzhe- 

imer’s disease, Parkinson’s disease, and human immunode- 

ficiency virus dementia, Down’s syndrome, or heart disease. 

18. A method of treating a disease with a cannabinoid that 

has substantially no binding to the NMDA receptor, com- 

prising determining whether the disease is caused by oxi-
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dative stress, and if the disease is caused by oxidative stress, 

administering the cannabinoid in a therapeutically effective 

antioxidant amount. 

19. The method of claim 18, wherein the cannabinoid has 

a volume of distribution of at least 1.5 L/kg and substantially 

no activity at the cannabinoid receptor. 

20. The method of claim 19, wherein the cannabinoid has 

a volume of distribution of at least 10 L/kg. 

21. The method of claim 1, wherein the cannabinoid 

selectively inhibits an enzyme activity of 5- and 

15-lipoxygenase more than an enzyme activity of 

12-lipoxygenase. 

22. A method of treating a neurodegenerative or ischemic 

disease in the central nervous system of a subject, compris- 

ing administering to the subject a therapeutically effective 

10 

32 
amount of a compound selected from any of the compounds 

of claims 9 through 13. 

23. The method of claim 22 where the compound is 

cannabidiol. 

24. The method of claim 22, wherein the ischemic or 

neurodegenerative disease is an ischemic infarct, Alzhe- 

imer’s disease, Parkinson’s disease, and human immunode- 

ficiency virus dementia, Down’s syndrome, or heart disease. 

25. The method of claim 24 wherein the disease is an 

ischemic infarct. 

26. The method of claim 1, wherein the cannabinoid is not 

an antagonist at the AMPA receptor.



  

  

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. — : 6,630,507 B1 Page 1 of 1 

DATED : October 7, 2003 

INVENTOR(S): Hampson et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 13, 

Line 23, “feral” should read -- fetal --. 

Column 30, 

Line 16, reads “Rop-Ro4” should read -- Roo-Ros --. 

Signed and Sealed this 

Fifteenth Day of June, 2004 

am WE ae 

JON W. DUDAS 
Acting Director of the United States Patent and Trademark Office 
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