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USE OF CANNABINOIDS AND TERPENES FOR TREATMENT OF
ORGANOPHOSPHATE AND CARBAMATE TOXICITY
CROSS REFERENCE TO RELATED APPLICATIONS
This apphlication clamms prionty to US. Provisional Appheation Serial No.
61/738,782, filed December 18, 2012, the disclosure of which 1s meorporated herem by

reference.

FIELD OF THE INVENTION

The present invention discloses the novel uses of camnabinoid system
modulators  and  terpenes m  tfreatment of the symptoms and signs  of
antichohinesterase toxicity assoctated with organophosphbate {OP™) andfor carbamate
exposure. More particularly, the present mvention relates to  compositions
contaming cannabmoid recepior agonists and derivatives thereof, melading partial
agonists and modifiers of cannabinoid metsbohsm and terpenes for prevention and

treatment of acute and chronic OF toxicity and acute and chwonic carbamate toxicity.

BACKGROUND OF THE INVENTION
Organophosphates are compounds having the general chemical formula:
9{8,}
R ‘E—FI’—RZ

X
wheretn R1 and R2 are alkyl, alkoxy-, alicvithio- or amido groups and X is an acyl

restdue or leaving group when the OP phosphorolates acetylcholimesterase (AChE). The R
groups are generally esters, amides, or thiol derivatives of phosphoric, phosphome, or
phosphinic acids. In an OP, the O or {8} has a double bond with the central P, If the S s
present the compound is a phosphorothioaie bui is still called an OP because of s
mechanisms of action. Phosphorothioates must be biotranstonined to an oxon, with an Q
replacing the S, to become an OP. An example of such mcludes the biotransformation of
parathion to paraoxon. Without the replacement of the § with an O, there i» no mbilstion
of AChE. OP mhibition of AChE 15 mitially reversible but may become trreversible based
on bmding time.

Carbamates are earbamic acid dertvatives and reversibly miubit AChE having the

general formula:
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{Carbamate msecticrdes chude aldicarh (Temnk), carbofuran {Furadan), carbartk
{Sevin}, methyl carbomate, ethiencearh, and others. Carbamate esters are also cansed
urethanes. OPs typally canse a more severe and difficull to treat chobnergic crisis
because OPs are capable of wreversibly mhibiting AChE.

OF and carbanwte compounds are typically used as msecticides, pesticudes,
petrolenn additives, and petrochemicals. Deadly OPs and cartbamates have also
been developed for use as chemical warfare nerve agents by conventional armes, mlitary
special forcex, desperate regumes, and/or terrorists. Sarin, a highly potent OP, was used
bv Sadam Hussain’s Republic of Iraq against Kurdish civilians in Halalya and other
villages 1 March 1988 kalling at least 3200 people and mpung many more people. {These
attacks also mwvolved two other OPs, Vx and fabun and mustard gas). The 1995 Tokyvo
subway attacks by a “religious “cult” used the same OP mpwing maeny civilians, The use
of Sarin more than once recently m the Svrian conflict lead to many casualties alarming
the mternational comanuty about the risks fo the stabibify of the region.

Monocrotophos was the OP msecticide responsible for klling 23 school children
m India who ate contapunated food, m a widely publicized merdent. At least 750,000
cases of OP poisoning occwr every vear. Mortalify and morbidity 1s higher m poorer
connfries where OF and carbamate pesticides, some of which are banned 1 developed
countries, are mexpensive and accessible. Thev are estimated to cause arcund 300,000
fatalibes a year. See Balali-Mood et al, “Recent Advances m the Treatment of
Organophosphorous  Poisomngs™ Tran 7 Med Sci 2012 Jume; 37(2): 74-91.
Pharmacologically, OPs bebave as aoticholinesterase agents mhibiting the
acetylcholinesterasex  {AChEs) enzymes and other esterases resulting m increased
chohmergic tone. In summary, OP and carbamate pesticides cause hundreds of thousands
of deaths each vear and many mwore myuries.

ACKE 13 a serine protease m the carboxylesterase famuly of enzvmes with EC
number 3.1.1.7. Mammnals have a single AChE gene: however, AChE diversity i hinmans
results from location, other meolecular associations such as with membrane components, as

well as from alternative mRNA splicing and postiransiational associations or stractural

[
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and catalytic svbunits, Inbibition of AChE prevents the lreaking down of the
nenrofransmitier ACh thereby moreasing both the level and duration of action of this
pewrolransputier. ACh 18 3 newrotrapsimitter that contnbutes fo nerve conduction
following its release in the central nervous svstem {UNS} ax well as autonomic ganglia at
sympathetic preganghionic synapses, af parasympathetic postganghonic synapses, and at
nenromuscular pmctions.

At the skeletal newronwscular junction the ACh veceptor i nicotink. In the
autonomde  nervous system the ACh receptor 15 mmscarinic. Both pwiscarmme and
nicotinic ACh receptors are found m the central and peripheral nervous system. AChE
catalyzes the hvdrolysis of the acetvicholine into choline and acetic acud Such a
reaction 15 necessary to allow a cholinergic newon o refwn to ifs rexting state after
activation tfo restore normal muscle and newrological activities. AChEs are very efficient
with each functional enryme capable of hvdrolyzing at least 5000 ACh hyvdrolyhe
reactions pet second. DFP or dusopropylhwophosphate 1s an OF developed i 1941, DFP
hears structural similarity or homology with the nerve agent sarin. DFP has activity
similar to sarm, althongh DFP 15 less potent. DFP 15 commonly used as a research OP
proxy for sarin. See generally Goodman & Gillman, The Pharmwacological Basis of
Therapeutics 10th edition, 2001, Chapter 7 and Handbook of Toxicology of Chenucal
Warfare Agents, edited by Ramesh Gupta, 2009, especially chapters 6, 7, 32, 33, 42, 43,
61, 63, and 64.

The effects of chronic and acute exposure to OP and carbamates have been
extensively documented i the literatwe. When OPs or cabamates are nsed as
msecticides the prolonged exposure and mhalation of such compounds could lead to
mmitiple ophthalmic and neuromuscular svinptoms. OPs are also used as warfare
nperve agents, {"nerve gas") and acufe exposure to them by any rowte of exposure can be
fatal. Carbamates may also be used m war or m tewvonst atiacks. Even 1if not fatal,
exposure may lead fo femporary mcapacitation as well as permmnent cogninve
deficits, depression and other neuwropsychiatric disorders. Current treatment afier acute
mpry does not seem to prevent the emergence of “Organophosphate mduced delayed

a2

neuropathy,” an axonpathy. In any event, OF and carbamate casualfies require medical

mervention and decontanunation.
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Nerve agents, also called gassex regardless of phvsical state, are classified by the
US mibitary and mto two types of agents, the G- and the V-class agenis. G-agents such
as tabun G A) and sarin {GB) were onguelly syothesized by a German group dwring
the 1930s and except for tabun {GA; ethyl N, N-
dumethylphophoramidocyamdate) melude  fluormated conpounds of organophosphate,
sach as sarm (GB; 2-flnoro- methylphophoryloxypropane), soman {GD; 3-fluoro-
methyi-phosphoryloxy-2, 2-dunethyl- butase), and cyvclosarin (GF; fluoro-methyl-
phophoryloxvevelohexane}, G agents are volatile lupuds at room temperature with a
shghtly lugher density than water. Thew primary route of entry is via the respiatory
tract and pwcous membranes such as the eve. Because of then high volafility G agents
are considered non persistent nerve agents. Toxic expuosures are most likely fo be via eye,
mouth, nose, and especially myvolve the respiratory tract unless hltered and/or neutralized
by an mnprovised or purposely built gas mask. G agents in hquid form may penetrate skin
and as well as volatilize presenting sigmificant respiratory hazards. The respmatory tract
tissues, primarily the air sacs or alveol, provide a large surface arca, about 100 square
meters. The skin surface ares m about 1.73 square meters. Loss of consciousness is
expected m < one nunute with death expected n < 15 nunutes following 2 deep breaths of
highly concentrated G class vapors. Since (3 agents and some OFP pesticides are colorless,
fasteless, and virtually odorless, they may also be accidently mgested mto the GI fract or
mgested via deliberate contanunation of food and drmbang hiquds.

V-agents were inutially synthesized after World War [T by scientists from the
Untted Kingdom. The V agents are sulfiwr confaining organophosphate compounds
mehading  VE  (8-2-diethylamine  ethyl  QO-ethyvlethylphophonothiocate), VG (2
diethoxyphosphorylsulfanyl- N N-diethvlethanamne), VM (2-ethoxy-methyiphosphoryt
sutfanvi-N N-diethvlethanamine }, VR or RVX {Russian VX, N N-diethy-2-methvi-2-
methvipropoxy phosphoryl  sulfanviethanamme} and VX {8-2 dusopropyvlamine O-
ethvimethviphosphonothioate}. The V-agents, oily hguds at room temperature that
very slowly release gax due to their low volatilities, are both more toxic, as well as
longer persisting in the enviromment than the G-agents. Thew primary, but not the sole
route of entry, is via skin contact. A single drop of VX the size of this dotf () unless

rapidly decontammated or removed, may be fatal withm 30 munufes if placed on infact
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thin moist skin, faster if on a wound, and withun 120 nunutes if on dry thick skin. The
Inuman LD 30 for VX 15 10 mg.

Toxicity  associated with OP compounds mainly results from  excessive
cholinergic stiowlation through mdubition of AChE. The resulting bypercholinergie tone
crisis may also cause other newonal hyperexcitation, e.g. glutamate release and depletion
of high energy phosphates leading fo cellular damage and physiological exhaustion.
Nerve agents react rapudly with a serine hvdroxyl group in the active site of AChE to
form a phosphate or phosphonate ester. Phosphorvisted AChE is not able to
functionally hydrolyze ACh. Functional ACh regenerates very slowly. Thus, the enzyme
will remmam imbibited mntil new enzyme 1s geperated, or ustil an enzyme re-activator
{oxupe} v used, as long as receptor aging or ureversible binding from molecular

rearvangements of the AChE from the effect of the OP has vet not cccwmred.

Aschbee stbe

merine
=R
T
ot oo N
+ B3 F
Eaint

Ax depicted i the schematic above, AChE represented by the Enzvime, contams
seriie i the active {esteratic) site. Following the binding of DFP to this site the AChE 1
mactivated. This mactivation of AChE mayv be hydrolyzed slowly and spontaneously or
rapidly reversed or restored with an oxime {and perbaps other chemicals). However, the
binding or inhibition can eventually become permanent {irreversible or aged}.

The symptoms of OP and carbamate toxicity are receptor and body site specific.
Nerve agenfs antagonize muscarinic recepiors o canse miosis, ocular cibiary or

pupillary constrictor pwuscle spasin and eve pamn, glandular hvpersecretion (salivary,

Lh
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bronchial, lacrimaltear glands), bronchoconstriction, vommting, diarthea, winary and
fecal meontinence, and bradyeardia.

Nerve ggents act on micolinie receptors to cause swealing, hypertension,
tacloveardia, and on skeletal musele, they ceuse uutial fasiculations, twitclhing,
fremmors, spreading areas of spasm, and defasciculation from exhanstion followed by
weakness and flaceid paralysis.

Nerve agents alto antagomze cholinergic receptors to produce writabildy,
giddiness, fatigue, lethargy, amnesia, ataxia, seizures, coma, respiratory depression, and
paralysis. Nerve agents independently cause cardiac fachyeardia and bypertension via
stinwalation of the adrenal medulla. Exposure to low concentrations of nerve agent
vapor further produce immediate ocular symptonss, including rhunorthea (o
nasolacrimal duct dramage), and 1 some patients, even dyspnea. These ccular effects
are secondary o the locahized absorphion of vapor across the outermost layers of the
gve, causmg lacrimal gland stinwlation (fearing), pupllary sphmcter contraction
{miosis}, and cibiary body spasm {ocular pamn).

As the exposure mcreases, dyspnea and gastromitestmal symptoms ensue.
Intoxication stgns and symptoms and treatment of patients exiubsiing OP or carbamate
toxicity 1y sinular. Retrospective data review series mvolving OP and carbamate toxicity
are frequently combined. See for example the 46 patient S vear review from Jordan, a
counfry where OP and carbamate agnonbtural msecticides are widely used. These
chenucals are also used as agents in suicides and to injure enenues. See AM Saadeb et al,
“Cardiac manifestations of acute carbamate and orgapophosphate poixoning”™ Heart, 1997;
77:461-464.

It 1s well documented that exposure to high concentrations of nerve agent
vapor causes immediate loss of consciousness, followed shortly by convulsions,
flaccid paralysis, and respiratory fathwe. These generalized effects are cansed by the
rapid absorption of nerve agent vapor across the respwatory tract, producing
maximal mbibittion of AChE within seconds to minutes of exposure. Nerve agent
apor exposure, unless aggressively treated and to nwlude decontamination fo
prevent reexposure to patient and also endanger rescuer, is expected to have
sigmificant effects by the time victuns present to the emergency care system.

Decontanunants include soap and water as well as the more effective expedient dilute

3



10

i5

)
]

30

WO 2014/100231 PCT/US2013/076223

cldorine bleach solutions for skan. dilute baking soda (sedium bicarbonate) solutions
for eves, nostrils, hair, ears, mouth, and other delivate ftissues and genitourmary
mucpus membrases, or RSDL. RSDL is Reactive Skin Decontamination Lotion, a
spectalty pharmaceutical topical product ssued to combat soldiers and some first
responders. RSDL achieves a pmuch more rapid and effective decontamumation than
any of the expedients.

The effect of dermal exposure from liguid nerve agent depends oun the
anatopie stte exposed, ambient temperanwe, and dose of nerve agent. Percutaneous
absorption of nerve agent typically results m localized sweatmg caused by direct
nicotinic effect on the skin, followed by muscular fascuwoulations and weakness as
the agent peneirates deeper and a niwotimic effect is exerted on underlying muscle.
Followmg moderate dermal exposures, vomifing andfor diarthea occur. Vonuting
and/or diarthea soon after exposmre are onnnous signs. With further absorphion, hall-
blown systemic or remote effects occur. Nerve agents cause death via respiratory
failure, which m turn 15 caused by mcreased awway resistance {(eg bwonchospasm}.
excessive bronchopulmonary secretions. respiratory muscle paralysis, and most
mnportantly, loss of central respratory drive.

Other studies have shown that nerve gases such as sarin produced delaved and
long- term effecis on cardiac function such as reduced ejection fraction. Sarm caused
left ventricular dilation two months after an asymptomatic dose. This 13 a marker for
dilated cardiomvopathy. Levels of atrial and brain natrnwetic peptides in the heart were
moreased, mdicating cardiac remodeling possibly due to volume overload. It bas also
been reported that prolonged exposure to OP leads to cogmifive impamment of central
mformation processing leading eventually to IQ loss. See Davis et al, Advances m
Psvchiatric Treatment, 2000; 6: 187-192.

The treatment modahities generally depend on seventy of mtoxication. In
addition 1o deconfamunation, there are several treatments for mtoxicated patients. More
specifically, such weatments mclude administration of intravenous or intrapmscular
atropine, at least 2 mg at a tupe for adults, to counteract muscarinic over-stimmiation,
and an miravenous or mframuscular oxime, fypically pralidoxime or 2-PAM, tfo
reactivate acetyl cholinesterase. For example, the US nulitary nses as front line therapy

antoinjectors for IM admuustration combining 2.1 mg of atropine with 600 mg of 2-

-,
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PAM. If fascienlation ot seizures are present, the US pulttary, prior o amnval of a medie,
uses as 8 GABA A anti-seizure agent IM diazepam 10 mg in an autonyector. Soldiers are
given kits comtauung 3 automjectors of the combination atropine/prahidexime and 3
amntoinjectors comtaining diazepam 10 mg. There iy no ceiling on the dose of atropme:
additronal nyections are fitrated v adverse symptoms other than miosis every few mmutes
as needed. In other countries, armed forces andfor emergency protocols use a different
oxame, e.g. obidoxuime or HIS, a different antunuscarinic (aaticholinergic), e.g.
scopolanune and‘or other belladonna alkalowds i place of atropine, and a different anti-
serzure agent e.g. avizafone or mudazolam or barbiturates. For some patients the dose of
atropine required mav exceed 100 mg! In the absence of OP mntoxication an atropine dose
of 2 mg will cause severe poiscung and a dose of 100 mg will be fatal. For this reason
Israel stopped mcluding atropme with its gas mask kits for ervilians after severe adverse
reactions to atropme happened in civibans who mjected atropine m response io sirens
wanung of meonung SCUD mussiles during the first Gulf War m 1991,

Suppeortive and mtensive care therapy includes the use of oxygen, IV fluds,
ghucose, and electrolytes (salts) and bicarbonate, to replace the fluids and salts and
bicarbonate lost from vomuting, diarrhea, profiise sweating {diaphoresis) and respiratory
secrefions. In addition fitrated IM and IV diazepam to control  convulsions,
atropine/oxune, mechanical respiration, and mtensive cardiorespiratory and nenrological
sign monforing with aggressive treatment of cardiac rhythm disorders and pulmonary
edena. Experimental cholinesterase mfusions are also being researched as are catalytic
scavengers that would split an OP molecule to render it inactive, such as from mfusions of
FFP or Fresh Frozen Plasma, or from stoichiometric scavengers to bind an OP and
antibodies agamst OPs. Recent investigations have revealed that intravenous mfusion of
sodium  bicarbonate to produce npuld to moderate alkalimization i3 effective.
Gacvchdine, an antiglatamatergic compound, wss also proved fo be beneficial m
conjunction with atropine, pralidoxsme, and diazepam i nerve agent poisommng.
Intravenous magnesiun sulfate was reported to decrease hospitalization dwation and
mproved outcommes i patients with organophosphorous poisonmg from pesticides.
Ketanune may also be nseful if given early. See Balali-Mood ef al, Iran J Med Sci

2012 June: 37(2). 7491
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At presentt, pyrostigimine bromide 3¢ mg tablets {PB) everv 8 hours seems to
be the most commion prophyvlactic. PB 1s approved for mulstary medieal use by the US
FDA at thix dose and frequency for this ndication for soman. G-agent stanan ages the
ACKE w under 2 nunutes. Soman is probably the most rapidly aging OP (basad on non
classified or public domam dafa). Pre-exposure freatment with PB sequesters some AChE
from OP indmg and aging. Any subsequent post OF or post carbamate mifoxication s
more rapidly and more effectively treated with atropmeloxime therapy. Like all
medications PB has adverse effects. Adverse reactions to PB mclude salivation,
lacnimation, wrination, defecation symptoms and miosis. Prophylactic use of PB has alse
been hinked to the Gulf War Syndrome. Regimens used by tramed soldiers acting under
mufitary medical orders m other countries include prophyvlactic tablets with
physostigmine rather than pyndostigmme with or  without Trihexyphemdyl
benactyzime, andfor a transdermal patch contammg HI-6.

Access to effective prophviaxis and treatment has important wmplications for
military or civilian populations smce low-dose, non-svmptomatic exposwre to OPs or
carbamates may result in long-lasting effects. See Fusek et al, Cum. Med. Chem 2009
16(23):2977-86 and Chapter 63, Prophviactic and Therapeutic Measures m Nerve Agent
Poisoning in Handbook of Toxicolopy of Chenucal Warfare Apents, edited by Ramesh
Gupta, 2009, and US Presenbing Informsation for Physostigmine bronude 30 mg for
nnltary medical use.

However, since pyvridostigmine barely crosses the blood-bramn barrier it
provides no protection agamnst nerve agemt-induced central mypury. Pyndostignune,
as written in the FDA approved preseribmg mformation, is meffective when
admimstered without post-exposure ireatment of atropine/2 PAM or similar drugs.
Also many of the prophylactic and treatment regimens cause cognifive unpawnent or
excessive dryness (e.g. atropine and other antimuscarinics), certamly not desirable m
combat sifuations or hot environments where perspiration also serves as a temperature
regulator. Excessive dryness increases the chances of heat exhaustion related
disorders mcluding heat stroke.

Therefore, other directions for different tyvpes of prophvlactic and non-
mjection, less expensive, and self-admmistered freatments (or those not requiring an

mtensive care unit for potentially therapy) should be explored. Atropine overdose or

9
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nususe risks heat streke and temporary psychosiz. A conunon mmemonic used to

describe the physiologic manifesfations of atropie overdose 1s: "hot as a hare, blind as a
bat {from very dilated pupils and cveloplegia), dry as a bone, red ax a beef, andnwd as a
hatter” -These associations reflect the specific changes of warm, dry skan from decreased
sweating, blurry vision with hypersensitivity to hght, decreased sweatimg/lacrimation,
vasodilation, and central nervous system effecis on mmscarinic receptors, fype 4 and 5.
This set of symptoms is known as anticholinergie toxudrome.

Recently there have been discussions on combunation prophylactic therapies
including such compounds as carbamates (veversible AChE mhibitors) and central
anticholinergics or NMDA recepfor antagonists, benzoediazepines or partial agomsts for
benzodiazepne receptor, and other central AChE inhibitors, The transdernwl route s
an alternative way for delivermg the prophylaciic agent and has also been discussed
m the art. Repardless, there 1s still a need for additional prophyvlactic or adjnct to
existing prophylactic regimens to nutigate drag related adverse events or direct treatiments
to alleviate undeswed sviptoms associated with the OP and carbamwste toxicities.
There 15 a need particularly for nontoxic freatment modalities, with favorable therapeuntic
mdices compared with PB, atropme and such respiratory depression-inducing
anticonvulsants as nudazolam, diazepam, and barbiturates. There ix a need for anti OP and
carbamate therapy that may be easily self-adummsiered or easily adoumisiered by first
responder medics and paramedics m mass casualty sifuations or even by hghtly mpwed
casualties fo each other and to more seriously mpwed casualties. In the event of nuxed
nerve agenticonventional warfare casualties, there is also a need for antidotes to the nerve
agents that won't have sigmficant drug/drug mteractions with medications nsed o freat
surgical wounds meluding general anesthesia agents. The present mvention addresses

such shortcomings.

SUMMARY OF THE INVENTION
The present mvention discloses the role of cannsbmoids m matigatng OP
foxicity via manipulation of the endocannabinoid (EC) system and other physiological

systerns,

10
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In one embodument of the present mwvention discloses a phermaceuntical
composifion eompristng an isolated cannabmoid recepior modulator, and optionally
contauung a blend of terpenes i a pharmacsutically acceptable carvier.

Aunother embodiment of the presest ipvention discloses a pharmacentical
composifion further comprismg a blend of two or miore terpenes selected from the group
consisting of hmonene, pinene, mvrcene, Imalool, beta carvophylene, terpmeol and
terpinolene.

In another embodiment of the mvention, the terpene hlend comprises two or more
terpenes selected from the group consisting of hmonene, pmene, myrcene, hinalool, beta
carvophylene.

In another entbodiment of the invention, the weight ratios of said terpenes 1s withm
the m range of about 1-10: about 1-10: about 1-6: and about 1-6: 8.25-3, respectively.

In another embodiment of the mvention, the weight ratic of said terpenes s about
4:4:3:3:1 rexpectively.

In another embodiment of the mvention, the weight ratio of said terprenes is about
4:7:3:3:1 respectively.

Another embodiment of the presest ipvention discloses a pharmacentical
composition, wherein saxd cennabupowd recepior modhilator agonist 18 a CB recepior
agonist or a modifier selected from the group consistmg of phviccammabinods,
fetrahyvdrocannabmol {(THCY  {-) trans  delta 9 THC, dronabiol, {Erfrans-3-{L1-
dimethylheptvl)-6.6a, 7.8,10, 10a-hexabydro-l-hydroxy-6-6-dirnethyl- OH-
dibenzolb.djpyran-9-one (nabilone}, anandanude, 2-arachidonovi-glyveerol (2-AG), N-
acvl- phosphatidylethanolamme-phospholipase D, diseyl glyveerol hpase (DAGL},
camabidiol (CBD), abnormal cannsbidiol {abn-CBD), nabiximols, EPIDIOLEXE®,
rimonabant, {-}-1.1 dimethvibeptyl analogs of 11-hydroxy-S-tetrabydrocannabinol (HU
2103, HU 211, HU 308, ajdemic acid, AMA41L, L-759.633, AM-835, VCHSR,
nonabine, TWH 133, TWH-171, BML-190, A-41988, O-806, O-2694 and 0-2545, JZL184,
FWH-359, CB-13, GW-403.833, JTE-907, URB754, inlubitors of FAAH or fatty acid
amide Irvdeolasel- (methylpiperidin-2-vimethyl}-3-{2-todo-S-utrobenzoviiindole  (AM-
1241), WIN 55212-2, other natwral or endogenous endocannsbmoid dertvatives, and

combinations thereof.

11
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The pharmacentical conmposition of the the present mvention are in oral, pasal,
topical, ophthalnue, buccal, sublingnal, vecial, vaponzation-ready, nebulization-ready,
nanoparticle formulations, biposornal formulations, vaginal andior IV or other paventeral
form.

The pharmaceutical composition of the the present nvention further comprise one
or more non-cannabmoid active mgredients selected from the group consistng of a
terpene, a benzodiazepine, a belladonna alkalowd, an anticholinesterase an oxime, and
combinations thereof.

In an embodiment of the mwention belladomna alkaloid 1s atropmne and
anticholinesterase is pyndostigammne.

Another embodiment of the mvention is dmected to a method of treating or
preventing a disease, disorder, dvsfimction or syndrome cansed by exposwe to an
organophosphate {OF) or carbamale acefylcholinesterase inhibitor, saqid method
comprising adpuaistering to a subject exposed fo or at sk of exposare fo sad OF or
carbamate in an amount effective to moduolate the cannabinod receptors of said subject.

In an embodiment of the mvention the pharmaceutical composition 18 for treating
disease, disorder, dyshimction or syndrome 1s selected from the group consisting of muscle
disorder, opbthaloue dysfunction, metabolic disorders, cardiac, thythm and confractihty
dysfunctions, social related disorders, mood disorders, seizuves, leamning disorders,
cognition disorders, memory disorders, respiratory disorders, locomotor activity disorders,
movement disorders, umnume disorders, mflapunation, cell growth, pamn or
neurodegenerative related syndromes, drug abuse, alcolnl abuse, bipolar disorder,
coganifive nnpamment, post trawmnatic stress disorder (PTSD), Gulf War bke syndrome and
premature semle dementia.

In one embodiment of the inveation, the nscle disorder 1s selected from the group
consisting of dyskinesia, akinesia, tremor, bradvianesia, skelefal mmscle rigadity and
spasticity.

In one embodiument of the mwvention the ophthalmic disorder 1s selected from the
group consisting of miosis, cihiary mmscle spasny, ophtbalmie pain, headache and
lacrimation disorder.

In another embodiment of the invention the OP 15 a G or V class nerve agent.
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In ancther smbodunent of the mvention the cannabinoidreceptor modulator s
selected from the group consisting of phviocannabmonds, tetrahivdrocannabmol (THC) ()
trans  delta 9 THC, dronabinol, (f-traps-3-{11-dunethylheptyl}-6,6a, 78,10, 10sa-
hexahydro-thydroxy-6-6-dunethyl- 9H-dibenzo{b.dipvran-9-one {nabilone), anandanude,
2-arachidonoyl-glycerol {2-AG), N-acyl- phosphatidylethanolamine-phospholipase D,
diacyl glycerol hipase {DAGL), cannabidiol (CBD), abnormal cannabidiol {(abn-CBD),
nabixumols, EPIDIOLEX®, runonabant, {-3-1,1 dimethyvibeptyl analogs of 11-bydroxy-8-
tetrabydrocapnatunel (HU 210), HLY 211, T 308, apilenuc acid, AM-411, L-759,633,
AM-85S5, VCHSR, nonabime, JWH 133, JWH-171, BML-190, A-41988, O-806, (-2694
and 0-2545, JZ1184, JWH-359, CB-13, GW-403.833, JTE-907, URB754, mhibitors of
FAAH or fafty acd amude bydrolasel {methvipiperidin-2-vimethvi}-3-(2-iodo-5-
mtrobenzoviindole (AM-1241), WIN 55212-2, other natwal or endogenous
endocamabimoid dertvatives, and combanations thereof

Another embodiment of the mveption provides for admimustermg a non-
cannabinoid receptor modulator selected from the group consisting of opioids,
gabapentins, pregabalins, a benzodiazepines, atropmes, oxunes, anhoxidants, atkalizmg
agents, terpenes, and NSAIDs,

Another embodiment of the mvention provides for adnunistering the composition
m oral, nasal, topical, ophthalmic, buccal, sublingual, rectal, vaporization-ready,
nebulization-ready, nanoparticle formulations, hiposomal formmlations, vagmal andfor TV
or other parenteral form.

Another embodment of the mvention providex for adnunistering the composition
prior to exposure to said organophosphate or carbamate and said composition comprises at
least one terpene selected from the group consisting of hmonene, mverene, pinene,
imalool, beta carvophyliene, and a cannalunoud selected from the group consisting of THC
or CBD, and a mixtwre of THC, CBD.

Another embodiment of the mmvention provides for the step of exposmg said
subject to an OF or carbanate acetylcholinesterase inbibitor ax a prophylactic freatment.

Ancther embodiment of the nvention provides fr adpunistering fo a subject
atropme and an oxime m an amount effectrive fo prevent adverse effects from said

prophylaciic exposure to OP or carbamate.
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Ancther embodinent of the mvention provides for co-adnumstering
pyvndostigmine bromide to a sabject.

Another embodinent of the nyvention provides for admumstering to said subject
after exposure to an OP or a carbamate acetylcholinesterase inhibitor and said composition

5  comprises a blend of CBD and THC in a weight rafio of between about 3 and 400 mg to
about .0001 and 10 mg, respectively.

Another embodiment of the invention provides for adiinistering a blend of two or
more terpenes.

In another embodiment of the mvention the terpine blend comprises two or more

10 terpenes selected from the group consisiting of of lunopene, pinene, myrcene, hnalool,
beta carvophviene, terpineol and terpinolene.

Another embodiment of the mvenition provides for a  method of freating or
preventing a disease, disorder, dvsfunction or syndrome cansed by exposwre o an
organophosphate or carbamate acetylcholinesterase inhibitor, said method comprising

15 admpustering to a subject exposed to or at risk of exposure to said OP or carbamate, g
composition compwising at least fwo terpmes selected from the group consiting of
lnnonene, myrcene, linalool, beta caryophylene, terpineol, terpmolene, and pinene, m ap
amount effective to treat or prevent said disease, disorder, dvsfunction or svadrome.

Another embodiement provides for a ferpine nuxhue comprises alpha pinene.

)
]

Another embodiement provides for a a blend which comprises beta-
caryophiviene, lumonene, myreene, and Imalool.

Another embodienent provides compound having the following stuctire:

o
Ry l
A —r:’ /;j nf Ml 8
hd _”\\,f
4 0.0

. . ‘ o - 4
wheremt L 15 selected from the group consisting of "% ¢ ¢

25 R7 = H, allyl, aryl, -OH,-O, or lower alkoxy; A is arvl, hetercaryl, fused pyran or a
fused tefrahydropyran: B 1 C{=0)-0-R6; R6 15 an alkalowd azabievelo ning substituen:; C

15 HL F. lower alkoxy, ON, SOmCHI wheren =02, and 72 =0,

14



WO 2014/100231 PCT/US2013/076223

Another embodiement provides for a componnd selecied from the

group consisting off
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In another embodiment such compounds may be adnumstered to a subject m need

in effective doses corresponding fo the therapeutic doses of THC, CBD andior atropine.

The composition of the present Invention may be used to treat symptoms associated to OF

10 or carbamate exposwre. Such symptoms mclude ocunlar sviaptoms, skeletal motor

symptoms, respiratory and ONS associated symptoms. In another embodiment, the ocular

symptoms to be treated mclude lacrimal gland stimwmlation (teaving), pamful pupilary

sphincter contraction {muosis), and cibiary body spasm {ocular pamn). In another

embodiment, the respiratory symptoms bemg ireated mclude dyspnea, bronchospasm,

15 couglung, rhinoirhea, bronchorbea, respivatory distress, sensation of shortness of breath,

vespiratory fatlure, pulmonary edena, and awr lnmger. The gastromtestinal syraptoros that

ensue after exposure usually mclude hvper salivation, vomiting, dimrhea and stomach
cramps.

In another embodiment, the symptonws bemg treated mclude motor symptoins such

20 as fasicnlations, dvskmesia, akinesia, tremior, bradykmesia, skeletal muscle ngidity,

1
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spasticity. In vet amother embodiment, the CNS svawptoms bemg treated mcluding
cognifive bram damiage, newropathy including axonopathy, anxiely, memory mmpaiment,
PTSD, and depressumn.

In at least one aspect of the present invention, the composttion of the present
clams may be adnunistered either directly or mdirectly o the site of mterest by the way of
eve drop, eve omtment, oral spray, rectal suppository, mtravenously, miramuscularly,
subcutaneously, mtradermally, orally m the form of capsules or tablets or diluted oils
topical rubs on the skin or swcous membrane or buccally. Alternatively, the formulation
may be apphied directly to the site of mferest such as via nasal application devices to
sphenopalatme ganghion and cribritorm plate, which is the pathway to the olfactory cranial
perve and brain, as well as the cerebrospmal fluid or by the way of mbalation of vapors for
rapid absorption. In the alternative, the formulation may also be mwiroduced as a vapor mto
a gas mask, bag/valve mask use used m manual resuscitation or assisted breathmg, nasal
cannlation, CPAP or Continsous Positive Airway Pressure or variamts of CPAP such as
BiPAP, or via mtubation with or withont general apesthesia. Other objects, features,
benefits and advantages of the present mvention will be apparent from thas summary and
the following descriptions of certain embodunents, and will be readily apparent to those
skilled m the art baviag knowledge of various chemotherapeutic compounds, methods

and/or modes of operation.

BRIEF DESCRIPTION OF THE FIGURES
Fignre 1A and 1B depict the composition of the mvenfive terpene blends

described beremn.

DETAILED DESCRIPTION OF THE INVENTION

Undess defined otherwise, all techrdcal and scientific terms used hevem have the
same meaning as 15 commonly mderstood by one of skall m the art to which this invention
belongs and shall be understood to have the meanmgs described below. All publications
and patents rveferred to herein are wmcorporated bv reference i thew eptwety. Unless
otherwise specified, a reference fo a particular componnd mnclades all such womeric forms,
meluding racernc and other mixtures thereof. Tinless otherwise specified, a reference fo a
particular compound alse mncludes tonde, salt, solvate {e.g., hvdrate), protected forms,

prodrugs, and other stereoisomers thereof, for example, as discussed herem.

16
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It mwy be conventent or deswable to prepare, pwify, andfor handle a
corresponding salt of the active compound, for example, a pharmacentically-acesptable
salt, Examples of pharmacentically acceptable salts are discussed in Berge et al, 1977,
"Pharmacentically Acceptable Salts,” J. Pharm. Sci., Vol 66, pp. 1-19.

The term “lower alkoxy™ 15 defined as €y to Cr alkoxy.

The term "benzodiazepine” as used heremn pertamns to all different short and
long acting benzodiazepines mcluding but not linuted to  prodrugs as well as
gstazolam, flurazepam, temazepam, friazolany, alprazelam, chlordiazepoxade,
clorazepate, diazepam, halazepam,  lorazepam. nudazolam. oxazepam, prazepam,
quazepam, and clonazepam. Benzodiazepine antagonssts are thus such compounds that
antagonize the benzodiazepine activities, especially respiratory depression secondary fo
benzodiazepine ioxicity.

The term “cannabinoid” as used herem perfains to all different cannabmnoids
have been ixolated from the Cannadis sativa plant or synthetically created to have activity
invelving the endocammabinoid svstemy The term cannabmmoid includes but are not
limted to all classes of cammabmoids from  Carmadis denved from cannabigerol-type
conpounds including (9THC), cannabudiol (CBD). cannabmeol {UBN}, and dedeca-
E.4E 87, 10E/Z-tetraenow-acid-isobutylamides, cannabigerel (CBG), caanabichromene,
cannabieyelol{CBL),  campabivarm  (CBV),  tetrahvdrocannabivarmm  {THCV),
cannabidivarin {CBDVY), cannabichromevarm (CBCV), cannabigerovanin {CBGV), and
cannabigeroel monomethviether (CBGM).

As used berein, the term "composition” is intended to encompass a product
comprising the specified mgredients m the specified amounts, as well as any product
which results, directly or mdirectly, from combination of the specified ingredients m the
specified amounts.

The term "organophosphate” as used herem, pertains fo compounds that are
generally esters, ammdes, or thiol derivatives of phosphorie, phosphonic, or phosphinie
acids.  Aside from certamn linted medical uses, these compounds are tvpically used as
msecticides, pestictides, petrolewm  additives, and even warfare perve agents.
Organophosphates  meludes  substances  such  as  echothiophate,  dusopropyl
fluorophosphate (DFP), tabun, GA, GB (sann), GD, GF, VX, VE, VG, VM., diazinon,

malathion, and parathion.
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The term “ferpenes™ or “terpenotds”™ as used herein refers to a class of hydrocarbon
ccciring volatile molecules that provide a vnique smell. Terpenes are derived from units
of isoprene, which has the molecular formula CsHs. The basic molecular foramilae of
terpenes are nwiltiples of that, {CiHgl, where B 13 the pumber of linked soprese untis.
They mclide but are not luntled to hmonene, beta-carvophyliene, mvrcene, hnalool.
pinene, terpmeol and ferpinolene and any womeric forms thereof.

The term "treatment” or "therapy" as used herein i the context of treating a
condition, pertains generally to treatment and therapy of a buman subjeet, m which
some desired therapeutic effect 18 achieved. For example, therapy can mclude the
mhbibition of the progress of the condition, reduction m the rate of progress, a halt in
the rate of progress, amehoration of the condition, absolute or partial prevention
of a delaved comphication, and cure of the condition. Treatment also mcludes
prophyviactic measwre; as well as, adjunet treatments to a standard treatiment regimen
established in the art.

The term “therapeutically-effective amount” as nsed heremn, pertains to that
amomnt of an active compound, or a material, composition or dosage from comprisimg
an active compound, which is effective for producing some desired therapeutic effect,
conupensurate with a reasonable benefit'risk ratio.

It may be convenient or desirable to prepare, punity, and/or handle the
active compound in the form of a prodrug. The ferm "prodrug" as used herein,
pertains to a compound which, when metabolized, vields the deswred active compound
or in itself 1s the active compound. Tvpically, the prodrug is nactive, or less active
than the active compound, but may provide advantageous handling, admuustration,
or metabolic properties. For example, some prodrugs are ethers or esters of the active
compound; during metabolism the ether group 13 cleaved to yield the active drug.
Also, some prodmgs are activated enzymatically to yield the active compound, or
a compound which, vpon further chemical reaction, vields the active compound.
Thus, m the methods of treatipent of the present mvention disclosed bherem, the
term "admunistering” shall encompass the treatment of the vanous conditions
described with the compound specifically disclosed or with a compound which may
not be specifically disclosed, but which converts to the specified compound m vivo

after adoumstration to the patient. Metabolites of these compounds mclude active

18
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species produced upon introduction of compounds of this wvention ioto the
mammahan subject.

Any of the compounds of the present invention may be contemplated for
adnunisiration to the hwunan subject in the formm of a diug, prodrug or even active
metabolite.

The camnabmoid and the THC-CBD combinations have been known m the art
for treating or preventmg a munber of diseases or disorders. For example, US, Pat
No. 6,630,507 discloses cannabmeids for use as anti-oxidants and newro-protectants;
1S, Pai. No. 7105685 discloses Canunabinoids for the freatment of diseases
associated with wvunwme dysfunction, particularly HIV  disease and neoplastic
disorders; ULS. Pat. No. 7,109.245 discloses Camnabinoids useful as vasoconstrictors;
US Patent Publication US2(110257256 discloses THC- CBD composition for nse m
freating or preventing Cogmfive Impawment and Dementia; PCT Publication
WO2009/147439 discloses use of a combination THC and CBD in the mamufacture of
a medicament for use in the treatment of cancer, i particular the ghoma tumor {a brain
cancery;, PCT Publication WO0/2007/148094 discloses use of THC-CBD composition
for the #reatment of newopatbic pam; and US Patent Publication US20100286098
discloses a method of treating tixsue mpuv i a patient with colitis admimstermg the
THC-CBD combmation.

Carently, US Drug Enforcement Admumstration (DEA) hists camiabis as a
Schedule 1 componnd which means Cannabix and similarly scheduled cannabinoids have
act been shown to have safety andfor accepted medical use. However, different
combmations of cannabmoids are still under investigation.

The psychoactive constituent m cannabis, 9THC was isolated in the peniod
1963-64 by Prof. Raphael Mechoulan, but the cannabinoid receptors, the CB1l and
the CB2, and the prehminary endogenous cannabmowds, ex. anandanude and 2-
arachidonoyl glveerol were dentified only 20 fo 23 vears lIater. The
cannabinoid system affects both central nervous system {(CNS} and peripheral
processes. In at least one aspect of the mvention, methods of mamufacturing a
pharmaceuntical composition contanung a cannabmoid is contemplated mcluding the
steps of purifving and/or isolating the cannabinoid receptor agonist and puxing said

agonist with a pharmaceutically acceptable carrier.
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It one aspect of the presenmt mvention methods of ameliorating or treating
a cannabmoid receptor mediated disease, disorder or syndrome m a human subject are
disclosed by such steps ax admunistering o the subject an effective amount of a
compeosition containing caunabinoid receptor modifiers andfor terpenes such as d-
limonene, pinene, myreene, linalool, beta caryophylene or a combmation thereof.

More particularly, the present mvention relates to a method of treatmg OP or
carbamate related toxicity i human patients. In this aspect of the mwvention, methods
are provided for modulating the CB system fo reduce functional signs or toxicity
followmg exposure to OP or carbamate. In such a method, patienis recetve a
therapeutically effective amount of EC system modulator for sufficient time to reduce
the tune of acetylcholme binding fto s respective receptors thereby lmuting
cholinergic signs of toxicity associated with prolong OF exposure.

In at least one embodiment, the mediated disease, disorder, dysfmction or
syndrome bemg treated 18 secondary to organopbosphate exposure amd mclude
appetite disorder {such as loss of appetite), mmscle disorder, ophthalmic dystunchtion,
metabolic disorders, cardiae, thvihm and contractdity dvsfinctions, social related
disorders, mood disorders, seizures, substance abuse, learming disorders, cognition
disorders, memory disorders, respuratory disorders, locomotor activity disorders,
movement disorders, mmmne  disorders, mflammmation, cell growth, pam  or
nenrodegenerative related syndromes, substance abuse meluding alcohol abuse, bipolar
disorder, cogaifive umpairment, post-frammatic stress disorder (PSTD), Gulf War
syndrome type disorders and premature sentle dementia. In a preferred embodunent, the
mstantly described methodology 1s wsed as an adjunctive treatment to the standard
medical regimen typreally nsed for OP toxacity.

In ancther embodiment, the nwscle disorders are dyskinesia, akinesia, tremor,
bradvkinesia, skeletal nmscle ngidity and spastictty. In another emibodiment the
ophthalmic disorders are muosis, ciliary mmscle spasm, ophthalmic pam, headache and
lacrimation disorder.

In vet another embodiment, the present mvention is directed to methods of
antagonizing G and V class nerve agent organophosphate toxicity via admimnistering
to a subject m need thereof a cannabmoid receptor agonist, its free base, m

pharmaceutically acceptable salt form and a phanmaceutically acceptable carmer.
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Such texiciiiesy mnclude those that lead to permanently coguitive mmpayrment, such
as attertion deficat disorder, executive hwmction disorder, loss of coordination
particularly when operating hazardous machinery, learning disability, safe driving,
delaved axonopathy.

In a preferred embodunent, the present mvention 1s divected o a synergistic
combination of suitable cannabinoid, terpene and an alkaloid such as atropine. In this
gmbodment, such combination can be in a water soluble solution, suspension, or
other switable delivery system, or m a kit. In another embodiment, any such
mgredients may be hinked together by the way of a biodegradable hinker system
releasing mdividual active mgredients.

In another embodument, the present wvention provides a synergistic
combination of a CB receptor agonist, or partial agomst with a secondary pain
medicationn including but not limited to opiowds, NSAIDS, and gabapentin,
pregabalin, a benzodiarepme, atropmme, oxime, antioxidants {(e.g. grape seed,
blueberrv extracts, vitamn E, vitamin C), and suitable allkalizing agents.

The present invention discloses the novel uses of cannabinoid receptor
modifiers o the treatment of the symptoms associated with the OP exposure. By
the way of example, cannabmoid receptor agonists emploved in the present
mvention imchide, but are not luniied io delta OTHC, CBD., CBN, nabilone,
dronabinol, nabixnnols, or mixtures thereof. Cammabmoid receptor antagonists melude
rimonabant.

In another aspect of the present mvention, endogenous ligands of the
cannabinoid receptors such as anandanude and 2-AG, and endocannabinoid
metabolizers diacvlglveerol lipase {DAGL) and degradation of these lipid mediators
{faty acid anude bydrolase {FAAH) and MAGL {(monoacvlglycerel lipase) are
formulated m combination with carmabinoid receptor modifiers such as 9THC,
CBD, CBD-V, THC-V, UBN, nabilone, dronabmol, nabiximols, romonabant. In a
more preferred embodiment, the combination comprises at least any two of 2-
AG, DAGL, 9THC, CBD, CBN, nabilone, dronabmol, Epidiolex®, nabixunols,
and nimonabant. Other nunor hipid metabolites different from. but chemically smmlar to,

anandanmude and 2-AG are also suitable for the presently described formmlations.
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In at least another embuodnnent, the wrvention menipulates the endocannabinond
systern, a G-protein-coupled cannabinoid recepior fo treat symptoms assoctated with the
OP toxieity. In the bramn, endocannabumioid primardy mfluences neuronal symaptic
comunmnication, and affects biological functions, including eating, anxiety, learning
and memory, reproduction, metabolism, growth and development, wvia an aray of
actions fhroughouwt the nervous system. In at least one aspect of the present
mvention, EC signaling function 1s targeted to improve the therapentic benefits of
cannabinoids and terpenes in protecting subyects at risk due to carbamate or OP
exposure. In another aspect of the present invention the agomists nsed activate or
selectively block one type of cannabinoid receptor more potently thaa the other type
partial agonists or full agonists with differing CB1 and CB2 receptor atfinities.

In another aspect of the present mvenfion 13 the new discovery of the
correlation of desirable properties of CB agonists and supplemental terpenes m
alleviating the syvmptoms of toxic OP or carbamate exposmwe. In a prefemred
embadiment, such properties melude pupillary dilatation or at least a decrease in nyosts
and recovery to normal size, diy eves, drv mouth, mmuscle relaxation, neuroprotection
agamnst oxidative stress, and anxiolysis, In other word, those of ordmary skall m the
art would appreciate that the undesirable properties of recreationally smoking
niarijuana causes, 1e. dry eves, dilated pupils, drvy month, reduced ability to vomit
if one desires to vomit, and difficnlty with nucturihon are shown herem fo be
serendipitons benefits, desirably prevent, decrease or provide therapentic effects m the
context of OP and carbamate toxiaity. Those of ordinarv skill m the art can further
appreciate that the ideal properiy sought m cananbinoid therapy 15 devoid of nowanted
psvchoactive components, or attempts to muunuze them in a risk: benefit assessment,
except for perthaps an anxiolytic effect and reduction m memory of bemg acutely sick
from OP or carbamate mtoxication.

It 15 also well established that CB 1 receptors are widespread m the bram
which ecan explamn its mvolvement m pwltuple memory stages that might requive
different neural substrates, In this context, several intriguing reports suggest the
presence of CB 1 receptors in astrocytes. See Navamete M., Aragne A, 2010
Endocannabinoids potentiate synaptic transnussion through stinlation of astrocytes.

See Newron 68, 113-126) and nutochondria (Benard G, et al. 2012, Mitochondnal

)
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CB1 receptors regulate neuronal epergy metabolivmm. Nat, Newoscr. 15, 358-56),
where thev can also participate m the control of cogmitive processes.

In the bram, canuabinouds and endocanunabinoids modulate a number of
mtracelular xgpaling pathways, zome critically involved 1 the deleterious effect of
cannabinoids on learmng and memory progesses. The mvolvement of the mammalian
target of the rapanyein pathway and exiracellular signal-regulated kinases, together
with their consequent regulation of cellular processes such as protem translation, seem
to play a cutical role m the ammnesic-like effect of canmabinoids. In at least one
embodiment, methods of himsting bram toxicity and cognitive nmpairment associated
with OP exposwre are disclosed. In such methods, cannabinouds are divectly and locally
adnunistered to bram regions wdentified fo be at risk secondary to OP toxicity. Mode of
admmistration m this aspect of the mvention mecludes suitably designed nasal and/or
regional catheters.

In at least one embodiment of the present mmventton, CB agomists can be
admunistered locally, that is cutapeously, over areas of skin sweating and fasiculations
and dmectly to the site{s) of mierest such as via nasal applicators fo the sphenopalatine
ganglion and crihiform plate or by the way of mbalation for rapid absorption. In
another embodiment, the CB agonists are admunistered opbthalpucily and buccally m
the form of an isotonic solution, extracts, omtments, mhaler or mjectable. In another
embodiment, a water soluble delivery system 1 adnunistered by inhalation via an electric
charge e-cigareite or a nebulizer.

In a preferred endbodiment, the formmulation comtains sufficient amount of
cannabinowd fo competitively mhibit the binding of OP to the AChE. In at least one
embodiment the formulation contains 27 mg of 9THC and at least 25 mg of CBD,
COG or CADGE m alkyl alcohol In a more preferred embodiment, the formulation
compwises 1-3 mg of {-) delta 9THC and 25 mg CBD, wherem each N nncrolifer
spray for sublingual delivery contamns up to .05 g alcohol

In another embodiment, at least a conwposition contaming a ferpene puxhire 18
described. In such embodiment, terpenes mav be a combmation of limonene: pinene:
myrcene: hnalool: beta carvophylene: terpineol: terpmolene i such ratios as 1-10: 1-10:

1-6: 1-6: 0.25-3: 0-10: 0-10, respectively. In another embodiment, the ratio between such
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terpenes is 4:4:3:3:1:0:0. In yet another embodiment, the ratic between such ferpenes is
respectively 4:7:3:3:2:0:0.

In another embodument, other ingredients can be used to formulate a stable
cannabuond, terpene, alkaloid composition. Such mgrediends include but are not Linuted
o Sterde Water, (hrganic Vegetable Glveerme, phospholipids, glveerols, polyethiviene
glveerol, or volatile acid to formulate a Cannabis extract having a concentration of 15-30
mg of cannabinoids per mi, and 5% alcobol (for preservation). In another aspect of the
mvention, the cannabinoids may be present and mixed with Grapeseed Oil with an organic
sobvent such as alcohol ranging from - 5% wiv.

In a more preferred embodunent such formulation can be apphed for a
maxinnnn of 25 sprays per day with at least a 15 mimute gap between sprays. In
another embodiment, such formmlation is applied for a total of 15 sprays per week

In another embodunent, the CB agonist s adounistered orally. At least one
suttable drug 1s nabilone, a synthetic cannabinoid. Nabilone occurs as a wlhite to off-
white polvmiorphic crvstalline powder. In aqueous media, the solubility of nabilone 1s
less than 0.5 mg/L, with pH values ranging from 1.2 to 7.0, Chemically, nabdone
{£)-trans-3-(1}-dimethvlbeptvl)- 6,6 a,7.8, 10,10a-hexabydro-l-hyvdroxy-6-6-dunethyl ix
similar fo the active mgredient found n natwally occowrrmg 9THC. In at least one
embodiment, nabilone can be admmistered orally at doses ranging from 0.005 mg to
200 mg, prefersbly 1 mg fo 100 mg m a tablet, capsule, oral solution, munediate or
extended release formwilations. In a mwore preferred embodiment nabilone s
admmistered orally at ¢.05, 0.5, 1, or 2 mg and two to three tumes a day.

In another aspect of the present mventfion, those of ordmary skill m the ant
would appreciate that the present mvention establishes the lnk between antagonizing
specific and general manifestation activities of the chemical war nerve agents of the G
and V classes as well as toxicity secondary to OF or carbamate msecticide exposure
hmans. In at least one embodiment, the formulation comtaming the CB agomsi or
modulator 15 adounistered n the form of an eve drop or cintment. In tlus aspect of the
mvention, the eve drop may be used to prevent or muunuze mosis andfor ciliary
mmsele spasin and/or lacrimsation secondary to G and V agent or carbamate exposure.

In another aspect of the mvenfion the CB receptor agonist can be an active

metabolite of THC. In another embodiment, the CB agonist or madifier can be
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admmistered urtranasally to the sphenopalatine ganglion and cribiforin plate regions of
the patient with or without atropine with or without a decongestant or with or without a
local anesthetic. Tn a more prefemred embodiment this mode of admbusteation s
accomplished by a lopg-acting local auesthetic ingredient. As usad hersin, the B
modifiers melude such compounds that can compete with endocarmabmoids or can
enhance agonistic activities at such receptor sites.

In another aspect of the mvention, the CB receptor agonist is adnunistered via
mhalation to nweosal membranes and alvenli of the respiratory tract via the mouth or
nose. In this aspect of the mvention, the agonist may also be admibmstered wvia
vaporization, or a pebulization via a mask pebulizer, below the femperature of
combustion so as to be less uriating fo mucosal and alveoh of the respiratory tract
via the month or nose. In another embodiment, the cannabinoid may be delivered to
the alveoli as well as to the sphenopalatine ganghion, olfaciory nerve, and cnibiform
plate.

In vet another embodiment, the cannabmoid fornwlation ix admuustered by
mhalation, via, nose andior via mowth in the form of a nanomelar formmlation or a
hiposomal fornmmlation that mcludes added terpenes andior atropme dry powder via
suttable metered dose mheler, or an electromic pebulizer, designed to dehiver
therapeutically effective amount of the agomist to the Imng In a more preferred
embodiment, the CB receptor agonist 15 m dry powders or hiposomes having particles
size diameters ranging from 10 nanometers to 3000 nm, preferably ranging from 50 nm
to 2000 mm In a more preferred embodment, the biposomes have a wall confaming
phosphatidylcholine, phosphatidic acid, cholesterol and phosphatidviethanolamine.

In another aspect of the mvention, the CB receptor agonist is prepared n the
form of a culinary extract n the form of or resembling butter or margarine to be used
for balung and cooking. In another embodument, the product 13 m a form ready for
vaporizationn such as m an E cigarette, or admimstration info a gas mask, bag/valve
mask or CPAP device, or anv form combuung casnabmoids with or without added
terpenes, but optionally with atropine, an oxime andfor a benzodiazepine fior combination
therapy. In a prefeired embodument, the poteni anticholmergic dmg combination
mehades a cannabinoid modulator with or without terpenes m combination with atropine,

oxime and a benzodiazepine.
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In ceriain embodiments of the present mvention a composition confaming the
CB agomst or 8 modifier can further contam a pharmacentically-acceptable camer
conponent. Without limitation, such a composition can conprise a racenuc mixture of
conpounds.

In another embodunent. the mveniion relates to a method for use m treating or
preventing ophthabmie pam., muscunlar spasticty, newromwscular pam,  meluding
neuropatbic  pain secondary to OF or carbamate toxicity. In a more preferred
gmbodiment, the preferred combmation product iy used as an adjunctive therapy fo
standard OP or carbamate foxicity medical management.

In at least ome aspect of the invention, the mventor discloses formulations
contatuing cannabineld that are used to alleviate or prevent bram mnpuries that can be
caused by prolonged OP or carbamaie exposure causing increased chohnergic tone. It
has been shown that within the hippocamipus at least, canmabmoids presynaptically
mhibit the release of acetyvicholine, possibly through the activation of CB1 receptors
located on cholinergic nerve ternunals. Direct m vivo microdialysts studies i rats also
showed canmabinoid-nduced decreases i acetvicholine release m the hippocampus
through a CB 1 receptor-mediated mechanismr. In at least ome aspect of the present
mvention, the cannabipowd compositions are used for Prevention/treatment/mitigation
of OP or carbamate mduced bram mypuries.

In this aspect of the invention, the pharmaceutical composition s m oral,
nasal, topical, ophthalmic, buccal, sublmgual, rectal, vagmal, vapor, and/or parenteral
form,

The above active compounds may also be used as part of an in vitro assay. for
example, m order to determine whether a candidate host i hkely to benefii from
freatment with the conpound in question. Aay active compound of the present
mvention may also be used as a standard, for example, m an assav, m order to idenhify
other active compounds, other anti- proliferative agents, other anti-inflammatory agents,
efe.

In vet another aspect of the instant mvention, the ICSQ or the half maxinal
mhubitory concentration of the candidate compomnds were deternuned to assess drug
potency and potential dosing regimens for m vivo use. One of ordinary skill m the at

is readhly able to ascertam such mformation using conynonly known methodologies. As
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it hax been well described i the art, IS0 represents and measures how nwch of a
particular substance/molecnle 15 needed fo mbubif some biological process by 50%. In
the mstant case, the IC50 of the candidate compounds were determined as the
concentration that led © a response of 50% conwared to the vehicle comtrol cells,

As noted herein, the salts of the compounds of this invention refer fo non-toxae

t

“pharmaceutically acceptable salis." Other salts mmav, however, be unseful m the
preparation of the compounds according to the invention or of their pharmaceutically
acceptable salts. When the compounds of the present imvention contain a basic group,
salts encompassed withm the term "pharmaceutically acceptable salis” refer to non-toxic
salts which are generally prepared by reacting the free base with a suitable organic or
morganic acid. Representative salts iaclude any sach salt known i the art. Where
compounds of the present invention carry an acidic molety, suitable pharmacentically
acceptable salts thereof may meclude alkah metal salts, e.g.. sodinm or potassinm salts;
alkaline earth metal salts, eg., calcium or magpestim salis; and salts formed with
suitable organic hgands, e.g., quaternary ammoniuam salis.

To treat a human patient, an effective amounnt of one or more compounds of
the present mvention, or a pharmaceuntically-acceptable salt thereof, s admumstered to
the human subject i need so as to promiofe exposwe to or contact of the tissue at risk
or the targeted region of the body or nerves, synapses, or neuwromuscular mnctions, or
organ systemis mcladmg but not hmited to the awtonomic and central nervons systems.
Effective dosage forms, miodes of admuustration and dosage amounts mayv be
deternuned empirically, and making such deternunations is within the skill of the art.

It 1s naderstood by the physician, phanmacists or clinician of ordinary skall
the art that the dosage amount will vary with the activity of the particular compound
employed, course and/or progression of the disease state, the route of admunistration,
the rate of excretion of the compound, statns of the nervous system, renal and hepatic
function of the patient, the duration of the treatiment, the identity of any other diugs
being admuustered to the subject, age, weight and like factors.

Ax discussed hevemn, the canmabmnoid compounds of the present nvention can be
adimmistered 1 such oral dosage forms as tablets, capsules (each of which mcludes
sustamed  release or timed release formmlations), pills, powders, micromzed

composttions, gramules, elixirs, tinctures, suspensions, oumtments, vapors, hiposomal
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particles, panoparticles, syrups aad  ewmnlsions. Likewise, they may also be
adnunistered m infravenous (bolus or mfusion), wmtrapenioneal, topical (e.g., dermal
epidernsal, transdermal, opthalmically such ax  oculawr  evediop, intrapasally,
subcutaneous, ithalation, mtrapwscular or frapsdermiel {e.g.. patch) form, all using
forms well known fo those of ordimary skl in the pharmacenfical arts. Again, the
ordmarily skilled physician, veterinarian or chmcian or a clmical pharmacist may
readily determine and prescribe the effective amount of the diug required fo prevent,
counter or arrest the progress of the condition.

Dosages of phytocammabmoids eg THC and CBD, or synthetics of the present
mvention, when used for the mdicated effects, will range between about 0.0001 mg
per kg of body weight per day {mgfkgidav} to about 100 mg'kg/day, preferably 0.001
io 20 mg'kegfday, and most preferably 0.01 1o 10.0 mg'ke/day. For oral admmustration,
the compositions are preferably provided i the form of tablets contaming 0.01, 0.05,
4.1, 0.5, 1.0, 2.5, 5.0, 10.0, 150, 250, 50.0, 100 and 500 mulhigrams of the active
mgredient for the symptomatic adpstmment of the dosage to the patient to be treated.
A medicament typically confains from about .01 mg to about 500 mg of the active
mgredient, preferably, from about 1 mg to asbouwt 100 mg of active mngredient
Intravenously or via a vapor mbalation, the most preferred doses will range from about
0.01 1o abont 10 mgke/nunute during a constant rate mnfusion or rate of respiration.
Compounds of the present mvesntion mav be admunistered in a single daily dose, or the
total daily dosage miay be admmstered in divided doses of two, three or four or six
times daily. In the case of a prodrug construct, those of ordinary skall in the art would
appreciate that the chimcal outcome follows the same serun concenfrations or chinical
endpomits as those of THC or CBD.

In at least one embodunent, the method of treatment includes both prophyviaciic
and active freatiment regimens. In at least one such embodiment, the suitable composiiion
contains a blend of CBD to THC having the mtfic of CBD: THC m ranges of 10 - 400 mg:
4.0001 - 10 mp In vet another embodiment, such metbod inclndes the step of
admuustering a blend of terpenes optiopally mncluding pmene. In a mwore preferred
embodiment, pmene may be added in case there s exposure to oxime. This s because
pinene has a beneficial bronchodilatorory effects to counteract OP or carbamate mduced

bronchospasm. However, pimene also has as antwcholinesterase property. This property
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would makes pinene more wdeal as a prophylactic and less ideal ax a post-exposure
therapeutic unless an oxumne and afropine are admmstered shortly after OP or foxic
carbauwte exposure. THC also has an anticholinexterase property that makes # useful for
prophylaxis only in micrograre quantities, THC s ltkewise less deal as a post-exposure
therapeutic m other than nwcorogram guantities unless an oxmne and atvopme are
admmistered shortly after OP or toxic carbamate exposiue

In another embodument, the method s mtended for active treatiment of emotional
and neurophysivlogical stresses, mvolnmtary eye nwscles twitches, bronchospasoy,
fasiculations, fremiors, seizures, headaches, neuropathy and newopsvehiatric disorders
meluding PTSD. In yet another embodiment, prophylactic methods are contemplated to
counter OP toxicity. Accordingly, such methods include the step of sniffing a terpene
nuxture, wherem the terprene muxture contams a terpene blend of limonene, myrcene,
Imalool, beta carvophylene, terpmeol, terpmolene optional pmene, and nuxhwes thereof.

As noted herem, the componnds of the present mvention mayv be used in
combination with other pain management, anticholinergic agents or other agents which
will enhance the treatment regume for the human subjects. The mndmividual components
of such combinations can be admuustered separately at different times during the
course of therapy or concwrently in divided or single combmation forms to patients or
regions of such patients m need of such therapy. The mstant nvention is therefore to
be understood as embracing all such regimes of simmltanecus or alternating freatment
and the tern "admumistering” i1s fo be mterpreted accordingly. It will be understood
that the scope of combinations of the compounds of thix mvention with other agents
useful to treat the targeted cancer condition includes m principle any combination with

any pharmaceutical composition useful for treating disorders related fo optimal

cholinergic and peneral nervous system functioning,

Pharmaceutical formmlations of the present mvention include those suiiable for
oral, nasal, topical (ncluding buccal and sublmgual), rectal, vaginal and/or parenteral
admuustration. Regardless of the route of adpupistration selected, the active
mgredient{s} are formnlated mto herbal and pharmaceutically-acceptable dosage forms
by conventional methods known to those of slall m the art.

The amount of the active mgredient(s) which will be combined with a carner

material to produce a single dosage form will vary depending upon the bost bemg
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treated, the particular mode of adounistration and all of the other factors described
above. The amount of the active mngredient{(s} which will be combmed with a carrier
materzal to produce a smgle dosage form will generally be that amount of the active
mgredient(s) wiach s the lowaest dose effective fo produce a therapeutic effect.

5 In another aspect of the wvention, a cammabmond fornmlahion 15 described to
prevent unsuthorized diversion of a formulation that confams chmically sigmificant
ampnugts of THC or other CBI agomst with psychoactive properties. As such the
formulation agomst with psychoactive activity iav bave atropine or a sumtlar
anticholinergic agent added. The anticholinergic property of atropme, m the absence of OP

10 or carbanwte, will cause an uncomfortably drv mouth and dryness at other mmcoux
membranes. Approved medications that contamn atropine {or pharmacologically sipular
belladonna alkalowds) to prevent diversion of a narcolic or barbifurate, respectively, and/or
o aid in mtended therapeutic activity melude for diarrhea diphenoxvlate/atropme and for
spastic colon, phencbarbital with hyoscyamine, atropine and scopolanune. Spastic colon 13

15  also called IBS, or Imttable Bowel Syndrome. IBS is a symptomy-based diagnosis
characterized by chronie abnormal pamn, discomfort, bloating, and alteration of bowel
bahits. As a functional GI disorder, IBS has no known organic causes diarrhea or
constipation may predopunate, or they may alternate {classified as IBS-D, IBS-C or IBS-

A, respectively).

)
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Another aspect of the present mvention provides compounds having the following
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In such embodument, L 15 a hinker bridging a cannabimnoid moiety fo an alkaloid
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moiety. In a preferred embodiment, L is ™ ¥ or % © attached at the designated points,
25  Z=0, 8 NR7.and where R7 = H, alkyl, arvl. -OH.-0O-C1-C3 alkyl
In a more preferred embodiment, where A is aryl, heteroaryl, fused pyran or fused

tetrabiydropyran B is C{=0)-0-Ro, where R6 15 an azabicyclo ring substituent {alkaloid), C is
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H, F, CI-C3 alkoxy. ON. ${0),CHz where n = -2, and Z = O methods of preparing such
cosaprmnds generally follow the conventional niethods known in the art.
In at least one embaodmment, where 7 18 O (a carboxy group hnker), the new

componund has the fornla:
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construct.
Methods of preparing compounds are uaderstood in the art and follow those

10  emploving carboxylate, phosphate and anune moieties. Methods of preparing
formmuiabions or compostfions melude the step of bringmmg the achive mmgredient(s) into
association with the carrier and, optionally, one or more accessory and for stabilizing
or preserving mgredients. In geperal, the formmlattons are prepared by wmformiv and
mtimately brinpging the active ingredient{s) mto association with hquid carrters, or finely

15 divided sohid carrters, or both, and then, if necessary, shapmg the product.

Formulations of the mvention suitable for oral admunistration may be m the
form of capsules, cachets, pills, tablets, lozenges {using a flavored basix, usually
sucrose and acacia or tragacanth), powders, granules, or as a solotion or a
suspension i an agueous or nonagueous houd, or as an oil-m-water or water-mn-oil

20 hgd enmlsion, or as an elixir or syrup or tincture, or as pastiies {using an mert base,

such as gelatin and glyeerm, or sucrose and acacia) andfor as mouth washes and the
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like, each contanung a predetermined amowyt of the active mgredrent(s). The
active mgredient{s) may also be adnunistered as abolus, electuary or paste.

In sobid dosage forms of the myvention for oral admmusiration {(capsules,
tablets, pills, dragees, powders, granules and the hike), the prodrug(s), active
mgredien{s} {in their vucromzed fonm) w/are mixed with one or more
pharmacentically-acceptable carners, such as sodmm cifrate or dicalerum phosphate,
andior any of the following: {1} fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, andior sihicic acid; {2) binders, such as, for example,
carboxymethyl-cellulose, alginates, gelatin, polvvinyl pyrrolidone, sucrose andior
acacia; {3) humectants, such as glycercl; {4) dismtegrating agents, such as agar-
agar, calcrum carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodnun carbonate; {5) solution retarding agents, such as paraffin, {6} absorption
accelerators, snch as quatemary anunonnun compounds; {7) wetling agents, such as,
for example, cetyl alcohol and glycerel monostearate; (8} absorbents, such as kacln
and bentonite clay, (9} lubrieants, such as tale, calcium stearate, magnestum stearate,
sohid polyethylene glyeols, sodium lawryl sulfate, and muxtwres thereofl and (10}
coloring agents. In the case of capsulex, tablets and pills, the pharmaceutical
conpositions may also comprize buffering agents. Solid compositions of a sumilar type
niay also be emploved as fillers m soft and hard-filled gelatin capsules wsing such
excipients as lactose or mulk sugars, as well as lngh molecular weight polvethyviene
glveols and the ke

A tablet nay be made by compression or moldmp, optionally with one or more
accessory mgredients. Compressed tablets may be prepared using a bmder (for
example, gelatn or hvdroxypropyhnethyl cellulose), labricant, mert diluent, preservative,
disintegrant (for example, sodmm starch glveolate or cross-limked sodmim
carboxymethvl celludose), swrface- active or dispersmg agent. Molded tablets may be
niade by molding in a suitable machme a mixture of the powdered active mgredient{s}
moistened with an mert luqud ditvent.

The tablets, and other sohid dosage forms of the pharmaceutical compositions
of the present mvention, such as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells. such as enterie coatings and other coatings

well known m the pharmacentical-formulating art. They may also be formwlated so ax
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to provide slow or controlled releass of the active ingredient(s) therem usmg, for
example. hyvdroxvpropylmethyl cellulose w varving proporfions fo provide the desired
release profile, other polvimer vatrices, liposomes and/or microspheres or nanoparticles.
They nwy be sterilized by, fiw example, filiration thyough a bacteria- retamning filter.
These compostitons may also optionally contam opacifying agents and may be of a
composifion that thev release the active mgredient(s) only, or preferentially, n a certam
portion of the gastrointestinal tract, optionally, mn a delayed menner. Exanwples of
embedding conwpositions which can be used mclude polvimeric substances and waxes.
The active mgredient(s) can also be m microencapsulated form.

Liguid dosage forms for oral admuustration of the achive mgredient(s} meclude
pharmaceuticallv-acceptable emulsions, nucroemulsions, solutions, suspensions, svraps
and elixwrs. In addition to the active mgredient{s), the hquid dosage forms may contamn
mert diluents conwnonly used i the art, such as, for example, water or other solvents,
solubihizing apents and enwlsifiers, such ax ethyl alcobol, ixopropyl alcohol,
sthylacetate, butyl  alcohel,  benzyl benzoate, propviene glycol, glveol, oils {n
particular, cottonseed, groundnut, corn, germ, olive, castor, hempseed, cocoanut, and

glycerol or glveerol, amyl alcobol, tetrabydrofinyl

=

sexame oils), terpenes or terpinods,
polvethvlene glycoly and fatty acid esters of sorbitan, and nuxtures thereof.

Besides inert diluents the oral composifions may also melude wetlting agents,
enmlsifving and suspending agents, sweefening, flavoring, colormg, perfinming and
preservative agents. Suspensions, in addition to the active mpredient{s}, may contain
suspending agents ax, for example, ethoxyiated alcohols, polyoxyethylene sortutol and
sorbitant esters, microcrystalline cellnlose, alumimum metabydroxade, bentonite, agar-
agar and tragacanth, and muxtures thereof.

Foromilations of the pharmaceutical comppositions of the invention for rectal
or vagmal admmstration may be presented as a supposttory, which may be prepared
by muxing the active mgredient(s} with one or more suable nonuiritating excipients or

carriers conywising, for example, cocoa butter, polyetbylene glveol, wax or saheylate

which 1s sohid at room temperanwe, but hquid at body temperature and, therefore, will
melt m the rectum or vagmal cavity and relesse the active mgredient(s}. Fonmmlations

of the present immvention which are switable for vagmal admunistration also include
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pessaries, tampons, creams, gely, pastes, foams or spray foromilations contauung such
carriers as are known m the art to be appropriate.

Dosage forms for the topical, ophthelpue or transdernal admuusteation of the
active mgredient(x) wmelsde powders spravs, cinfments, pastes, creams, lotions, gels,
solufions, paiches and mhalants. Theactive ingredient{s) may be nuxed under stende
conditions with pharmaceutically-acceptable camier, and with any buffers, or propellants
which may be required.

The mntments, pastes, creams and gels may coatain, m addition fo the active
mgredient(s), excipients, such as animal and vegetable fats, oils, waxes, parathns, starch,
fragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, sticic acid,
falc and zmc oxude, ferpenes or terpinoids, or mixtures thereof. Powders and sprayx
can contam, mm addition to the active ingredient(s), excipients such as lactose, tale,
sthele acid, alununum bydroxide, calenun sihicates and  polvanmde  powder, or
mixtiwes of these substances. Spravs can additionally contain customary propetiants
such as chlorofluorohydrocarbons and volatile unsubstituted hyvdrocarbons, such as
butane and propane.

Compounds of the present mvention may be admuustered m miranasal form
via topiwal use of suitable intranasal vebiclex, or via transdernal routes, using
those forms of transdermal slan paiches well known to those of ordinary skill in the
art. A transdermal delivery system provides for contmuous administration
throughout the dosage regumen. Transdermal patches have the added advantage of
providing controlled delivery of the active ingredient{(x} to the body. Such dosage
forms can be made by dissolving, dispersing or otherwise incorporating the active
mgredient(s) i a proper mednun. such as an elastomeric matnx matertal. Absorption
enhancers, such as iontophoresis, can alse be used to increase the flux of the active
mgredient(s} across the skin or a mucous membrane or a mucocutaneons junction
area. The rate of such flux can be conirolled by either providing a rate-controlling
membrane or dispersing the active mgredient(x} in a polvmer matrix or gel.

The compounds of the present invention caa also be adnunistered m the form of
liposome delivery systems, such as small nnilamellar vesicles, large unilamellar vesicles
and nmitidamellar vesicles. Liposomes can be formed from a varnety of phospholipids,

such as cholesterol, stearvlamines or phosphatidvicholines.
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Another mode of delivery for the conypounds of the present mvention may be
delivery via the use of monoclonal antibodies as mdividual camiers to which the
conpound nolecules are coupled. The compounds of the present wmvention may also be
coupled with soluble polvmers ax targetable dmg camiers. Such polymers can nchude
pobvemvipyrrolidone,  veast  denvatives  {eg. glncans),  pvran  copolvmer,
polvhyvdroxypropvimethacrviamide-phenol,  polyvhydroxy-ethylaspartamide- phenol, or
polyvethvleneoxide-polviysine  substituted with palputoyl residues. Furthermore, the
compoungds of the present mvention may be coupled to a clasy of lnodegradahle
polymers useful in achieving controlled release of a dmg, for example, polviactic acid,
polvglycolic acid, copolvmers of polvactic and polvglycolic acid,  polvepsilon
caprolactone, polyhydroxy butvric acid, polyvorthoesters, polvacetals, polydihydropyrans,
polvevanoacryviates and crosshinked or amphipathic block copolvmers of hydro gels.

Pharmacentical compositions of iHlus  mvention suitable for parenteral
admusfration comprise the active mgredient(s} m combination with one or mwore
pharmaceutically-acceptable sterile  isotomic  aqueous of nonagueous  solutions,
suspensions or epmisions, or sterile powders which may be reconstituted mto sterile
mjectable solutions or dispersions just prior to use, which may comtain antioxidants,
buffers, solutes which render the formulation isotonic with the blood of the mtended
recipient or suspending or thickening agents.

Examples of suitable agueons and non-agueous carners which may be emploved
m the fornwlation. In some cases, m order to prolong the effect of the active
mgredient(s), it 13 desuirable to slow the absoiption of the divg from subcutapeous or
miramuscular myection. This may be accomplished by the use of a hqumd suspension
of crystalline or amorphous material having poor water solubihify. The rate of
absorption of the active mgredient(s) then depends upon us'their rate of dissolution
which, m twn, may depend upon avstal size and crystalline form. Alternatively,
delaved absorption of parenterally-adnunistered active ingredient(s} 1s accomplished by
tissolving or suspending the active ingredient{s) i an o1l velucle.

Injectable depot formx are made by fornung pucroencapsule matrices of the
active mgredient(s} m biodegradable polvmers such as polylaciide-polyglycolide.
Depending on the ratio of the active mgredient(s) to polymer, and the nahwe of the

particlar polymer enwployed, the rate of release of the active mgredient{s) can be

3
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controlled. Exapwples of other biodegradable polymers include poly{orthoesters) and
polvianhydiides). Depot injectable formulations are also prepared by enfrappmng the
active ingredient(x) m Hposomes or nucrosmulsion or nanoparticles which are
conpatible with body tissue, The mjeciable materialx can be sterihized for sxample, by
filtration thwough a baclenal-retaming filter.

The fornmlations may be presented in unit-dose or nmlbti-dose sealed contamers,
for example, ampoules and vialx, or m specialized capsules for vapor or nebulized
admuustration and mayv be stored m a lyophilized condition requiring only the
addition of the steride haquid camer, for example water or ol for mjechion,
inunediatelv prior to use. Extenporancous uyection solutions and suspensions maybe
prepared from sterile powders, granules and tablets of the type described above.

Unless otherwise specified all starting materials and reagents are of standard
commercial or medicinal grade, and are wsed without further purification, or are
readily prepared from such materials by routine methods. Those skilled m the ant of
cluucal therapeutics will recognize that starting materialy and reaction conditions may
be wvaried fo achieve the desired end product. In at least one embodunent, s kit is
described contammng differing prophylactic and active teatment regimen for a
cannabinoid rescue regimen.

In this aspect of the mvention, the carmabmoid therapy may mchide a terpene
blend contammg hmonene, alpha pmene, myreene, hinalool and beta carvlophylene
preferably mn weight ratios of about 4:7:3:3:2. {See Figure 1). In anctber embodiment such
prophviactic kit contams CBD contaming compositions for both mbalation therapy and
oral adsumisiration. In another embodiment, the therapy or the terpene blend may contam
THC mn amounts less than 1 mg.

In another aspect of the wmvention, the cannabmeid rescue regimen s a kit for
active treatment. In addition to the terpene blend and CBD compostiion, the active
freatment kit contams THC: CBD contammg compositions m the matfios of 110, 1125,
1:15, 1:20, and 1:40 wiw. Such kit may huther contain henwp oil, atropine, an oxune, a
heprzodiazepine, mstructions as to the order of treatment and other advunistration means.
It a more preferred embodiment, the THC: CBD composition and terpenes are water

soluble. In another preferred embodument, the afropine/oxime is hpid soluble.
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The following examples are meant to better define the scope of the presest

HIVertion.

Exanple 1

OP toxwoity was determmed using DFP {oxienty. Male and female albmo rats
{total 4 rats) were smgly dosed subcufaneously with different amounts of the DFP.
Severtty of salivation, lacrimation, nrmation and defecation {SLUD) signs were measured
at dose levels of 0.63, 1.88, 1.25, and 2.5 DFP mg/kg. Dose escalation 15 used if the
previous doses used do not, mduce sufficient responses o test efficacy of the test article
such ax abonormal pupil response, SLUD, arousal, abnormal moter movement, gaif and
posture,

Example 2

The same protocol as i Example 1 18 conducted m a primate to measure the OP
DFP toxweity by monitoring the same parameters to find a dose level that would provide
clear and measureable evidence of DFP toxictty m a prunate.

Example 3

In order to test the onset of canmabinoid and ferpsne activiiies i rafs, a
combination of THC, CBD, and terpenes were adamnistered to the amnals. In accordance
with an IRB approved protocol, a first group of rats were adminisiered a terpene blend for
20 seconds of smiffmg of the blend. After smiffing of the terpene blend. different
combinations of canpabinoids by themwselves or m cannabmoid/terpene blends were
administered by oral gavage.

At least one of the blend combmmations was composed of D-hmonene: alphs
pinene: mivrcene, hinalool: beta carvophyvlene i volumeiric ratios of about 4:4:3:3:1
respectively to make approximately a 30 mg'kg dose. The same method may be used to
explore other combinations within the scope of the ratios described herem above, such as
for example, a terpene blend contamnng hmonene, alpha pmene, myrcene, Imalool and
heta carylophyviene preferably m weight ratios of about 4:7:3:3:2 as described in Figure 1.

In another experunent the animals are given THC at doses of 8.0, 0.01, 0.05, 0.1,
{1.5, 1 and high doses of 2.5 or 3 mg/kg. Another group of the animals are given a mixture

contamning CBD:THC at CBD doses meluding but not himited t0 0.1, 1, 10, 12.5, 15, 20,

LAy
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. 36, 37.5 mg/'kg and such THC doses to make up rafros of 1011, 12.5:1, or 15:1, 2001,
2501, 4001, 10001, and 2001 CBDTHC respectively.

In another expernuent the apinwls are given CBD at dosex of .25, |, 5, 50, 75,
100, 150, 200 myg'kp and a terpene blend at g dose of 40 mg'ke-120 mg'kp.

In another expeniment the aninals are given THC at 2.5 mg/kg, CBD at 15 mgkg
and terpene blend at 40 mo/ke. In another experiment the ammals are given an nndiuled
terpene blend wvia smffing for 2 seconds. Then the THC/CBDiterpene blend was
admunistered by oral gavage 2.25 hours prior to subcutaneous administration of DFP.

Observations: Female rats tolerate higher doses of DFP than male rats
Cannabunoid effects sueh as hyperthernua, abaormal gait and posture seen with beth THC
and CBD receiving anunals, particularty more pronunent at 8 howry than at 4 howrs after
dosing, showmg splaved hind hmbs and bunched or crouched body position. Both DFP
and cannabmoids cause significant hypothermia i rats, (but not m primates). Al animals
receiving cannabinoids with and without addifional terpenes or just a terpene blend
recovered at 24 hours after recerving the fest materials. Terpenes by themselves appeared
very well tolerated, except the rats did not hke the smell of hnalool The degree of
bypothernmia cbserved with groups receiving CBD was unexpected, potentially due to
questionable integrity of CBD formulation. CBD is expected to attenuate hvpotbermia
associated with THC m rats.

Example 4

Ammals were tested for efficacy of the cannabmoid rescue therapy. In the first
study, 4 miele and 4 female Sprauge Dawley rat pups were treated vufially with DFP
subcutaneonsly at dose of 1.35 mgkg for males and 1.9 mgkg for females. A
Cannabinoid nuxtwe was delivered by oral gavage at 225 hows prior to the
adnunisiration of DFP and again 24 bowrs later. Animals could then smff terpene blend
for 2 seconds mmmediately prior fo gavage and agam the terpene alpha pmene for 2
secords prior to first DFP subcutaneous nyectionn. Sumlar approach may be taken m other
species, however, cannabinoids and ferpenes may be adnunistered as vapors or i wavs
other than oral gavage.

An oufcome of at least 10%, mnprovement m toxicity paramieters is fo be observed
m ammals, such as primates who recetved THC, CBD and terpenes prophviactically.

Small doses of atropine/oxime will be available as soon as possible after exposure vs.
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conventional therapy of only atropine’oxune. These inprovement changes are less hikely
to be seen m rodents due to biological differences m reactions fo cannabmoids. Related
parameters o other systenss would indicate at least a 1896 overall unproverert i all other
major organ systems mmpacted by DFP or another OP.

For example annnals recetving the treatment regunmen would show af least a 10 %
less abnormal respiratory rate, hypoxemna, audible wheeze, digital pulse oxmmetry
abpormalities, abnormalittes i FEV1 {forced expiratory volume) at one {1} second and
vital capacity as well as anv flow volmme loop measuwrable by spuometeryv. In the
alternative, respiratory distress assessments based on pulse oxmmetry andfor arterial blood
gas avpalvsis inchuling CO2 retention ax compared to non-freatment group. Sinmlarly,
animals recerving the cannabmnoid rescue regimen will exhibit substantial cliniteal response
io supplemental oxyvgen m part due fo reduced bronchospasm and respwatory hyper
secrebion {bronchorhimorhea).

Neuropsychiatric exam will also show at least 109 less disorientation and leamning
abpormalities or measures of cogiitive funcion at 30 days after moderate to severe OP
exposure {followmg at least a 3 day washout from any significant dose of THC ora CB
veceptor agomst),  Sumtlar results would be observed for parameters mdicative of
axonopathy from delayed OP-induced neuropathy. Other clinical zigns related 1o the
severity of PTSD, severiy of amaety, depression are fo be montfored m appropriate
mterval respectively associated with development of abnormal signs in the animal models.
Those of ordinary skill in the art can appreciate that a proper approach would mplement a
washm#t period after psychoactive capnabmoid admuustration before aav memory
assessmients or cognitive task assessments could be determmed.

Newromuscular exam will also provide for at least a 10%% decrease m severtty of
fremors, other abnormal movements, and a 2% decrease m seizwres. In a preferred
outcome, at least a 20 %% decrease m LD 50 studies 1s observed m prumates in groups that
have received prophvlactically alpha pmene and low dose THC and CBD where
concentrations of UBD to THC follows at least a 20:1 ratio respectively.

In an alternative regimen, the treatment plans mclude {a) UBD with or without a
terpine blend and optionally (b} atropine or oxime or both following OP exposure.

At least one aspect of the present invention desciibe mmprovements that would

melude at least 10% mnprovements in hypersalivation and eve pain, chiucally significant
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SLUD, diyness and otber chobinergic adverse effects as compared with a prophylactic
pyridostignune bromide freatment. It is contemplated that i primates cannabinosd therapy
results 1n a more rapid veturn of pupil size frouw the puous mduced by an OF or a
carbamate. OP-induced moiosis from G class nerve agent vapors that reach the eye s
resistant o freatment with atropine.

In another observation, newroprotective effect from cannabinoids as an adpjmet to
standard therapy will be superior to standard therapy alone 30 days after exposwwe and
when assessed against a stand alone pyridostigmine treatment.

In vet another embodiment, high CBD:THC (> 20:1) mtios, with or without
terpenes but if with terpenes then without significant pinene would provide an alternative
standard treatment in cases where atropine and an oxime will not be administered i a
timely fashion. This approach may be smitable particularly for civilian use.

Althongh the mvention herein has been descitbed with reference to particnlar
embodiments, it 5 to be understond that these emwbodunents are merely tlustrative of
the principles and applications of the present invention. It is therefore to be understood
that numerous modifications may be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spuit and scope of the
present mvention as clannped in the appending clamms,

Al publications, patents, and patent applications cited m this apphication are
heremn meorporated by reference to the same extent as if each mdividual publication,
patent, or patent application was specifically and mdividually mdicated fto be

momrporated heremn by reference.
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We lainy:

i A pharmacentical composition comprising an isolated cannabinoid receptor
modulator, and optionally contaming a blend of ferpenes 1 a pharmaceutically

accepiable carner.

2. The pharmaceutical conposition of clamm 1, comprising a blend of two or more
terpenes selected from the group consisting of hmonene, pinene, myrcene, hinalool, beta
carvophylene, terpmeo! and ferpinolene.

-

3 The composttion of clamm 2, whereimn the terpene blend comprises fwo or more
terpenes selected from the group consisting of lmonene, pinene, niyvreene, hinalool, beta

caryophiviene,

4, The composition of claun 3, wherem the weight ratios of said terpenes 15 within

the m range of about 1-1{: about 1-10: about 1-6: and about 1-6: 0.25-3, respeciively.

5. The composition of claim 4, wherem the weight ratio of said terpenes is about
4:4:3:3:1 respectively.

& The composition of claim 4, wherein the weight ratic of said terprenes ix about
4:7:3:3:1 respectively.

7

The pharmaceutical composition of claim 1, wherein said cannabmosd
receptor modulator agomstix a B receptor agonist or a modifier selected
from the group consisting of phytocannabmoids, tetrabvdrocannabinod {(THCY (<) trans
delta 9 THC, dronsbmol, (F}-frans-3-(1I-dimnethviheptyl-6.8a, 7.8,10, 10a-hexahvdro-1-
bydroxy-6-6-dimethyl-  9H-dibenzolb djpyran-S-one  (nabilons), avandesmde, 2-
arachidonovl-glyeerol  (2-AG), N-acvl- phosphatidylethanolamine-phospholipase D,
diacyl glycerol hipase {DAGL), cannabidiel (CBD), abnommal cannabidiol {abn-CBD),
nabiximols, EPIDIOLEX®, rimonabant, {-3-1.1 dimethylheptyl analogs of 11-hydroxy-8&-
tetrabydrocapnatunol (HU 210), HU 211, HU 308, ajulemic acid, AM-411, 1-759,633,
AM-835, VUHSR, nonabine, JWH 133, JWH-171, BML-190, A-41988, O-
806, O-2694 and 0-2545, JZL 184, JWH-359, CB-13, GW-405_833, JTE-
907, URB754, inhibitors of FAAH or fatty acid amide hydrolasel-
{methylpipenidin-2-vimethyl)-3-{2-10do-S-mitrobenzovhindole {AM-12413, WIN
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S5.212-2, other natural or endogenous endocannabinod derivatives, and combinations
thereof

Q

8. The pharmacentical composthion of clam 1, wheremn the composiion 18 i oral,
nasal, topical, ophthalodc, buccal, sublingual, rectal, vaporization-ready, pebulization-
ready, nanoparticle formulations, biposomal formmulations, vaginal and’or IV or other

parenteral form.

9. The pharmaceutical composition of claim 1, further comprising one or more
non-cannabinoid active mgredients selected from the group consisting of a terpene, a
henzodiazepine, a belladonna alkaloid, an anticholinesterase an oxime, and

combinations thereof.

10 The composttion of claim ¢, wherein said belladonna alkaloid 1s atropine and said

anticholinesterase is pyndostigammne.

11, A methed of treating or preventing a disease, dizorder, dysfunction or syndrome
caused by exposwre fo an organophosphate {OP) or carbamate acetylcholinesterase
mhubitor, sagid method compnising admunistering to a subject exposed to or at nisk of
exposure to said OP or carbanate in an amount effective fo moduclate the cannabinoid

receptors of sawd subject.

12 The method of clamm 11 whevemn the mediated disease, disorder, dysfimetion or
syndrome 15 selected from the group consisting of muscle disorder, ophthalmic
dysfunction, metabolic dixorders, cardiac, thythm and contractility dysfunctions, social
related disorders, mood disorders, setzures, learming disorders, cognition disorders,
memory disorders, respiatory disorders, locomotor actnify disorders, movement
disorders, upnunme disorders, nflammation, cell growth, pain or neurodegenerative
related syndromes, drug abuse, alcohel abuse, bipelar disorder, cognitive umpairment,
post trammatic stress disorder {PTSD), Gulf War bike syndrome and premature senile
dementia.

13 The method of claim 12, wherein the muscle disorder 15 selected from the
group consisting of dyskinesia, akinesia, tremor, bradykmesia, skeletal nmiscle nigidity

and spasticity.
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k4. The method of elatm 12, wherein the ophibalime dizorder is selected from the
group consisting of muosis, cibiary musele spasm, ophthalowe pam, headache and

lacrimation disorder.

s, The method of clamm 11, wherein satd OP 13 2 G or 'V class nerve agent.
18, The method of claim 11, wherein said cannabmoidreceptor modulator is

selected from the group consisting of phytocannabinonds, teteahydrocannabimol (THCY (-
}trans delta @ THC, dronabunol, {+)-trans-3-(1 I-dimethviheptyl}-6.6a, 7.8,10, 10a-
hexahvdro-l-bydroxy-6-6-dimethvl- 9H-dibenzo{b,d}pvran-9-one {nabilone}, anandanude,
2-arachidonovi-glycerol {2-A{3), N-acyl- phosphatidviethanolanune-phospholipase D,
diacyl glycerol lipase {DAGL), cannabudiol {CBD), abnormal cannabidiol (asbn-CBD),
nsabiximols, EPIDIOLEXK, rimonabant, {-)-1,1 dumethyibeptyl analogs of 11-hvdroxy-&-
tetralvdrocannabinel (HU 210), HU 211, HU 308, aplenuc acid, AM-411, L-759,633,
AM-855. VCHSR, nonabine, JTWH 133, JWH-171, BML-190. A-4198§, O-
06, 0O-2694 and 0-2545, JZL184, YWH-359, CB-13, GW-405 833, ITE-
907, URB754, inhibitors of FAAH or fatty acid amide hvdrolasel-
{methvyipiperidin-2-vimethyl)-3-(2-odo-S-mitrobenzoyiindole (AM-1241) WIN
55,212-2, other natural or endogenons endocannabmoid derivatrves, and combinations

thereof.

17. The method of clamms 11 or 15, further comprismng admmustering a non-
cannabinowd receptor modulator selected from the group consisting of opuuds,
gabapentins, pregabalins, a benzodiazepines, atropines, oxmmes, antioxidants, alkalizing

agents, terpenes, and NSAIDs.

I&. The method of claun 11, wheremn said composition is administered the
compasition 1s i oral, nasal, topical, ophthalpuc, buccal, sublingual, rectal,
vaporization-ready, nebulization-ready, nanopariicle formulations, hiposomal
formmulations, vaginal and/or IV or other parenteral form.

19. The method of claim 11, wherein saxd composition 1s adnumstered prior to
exposure to said organophosphate or carbamate and said composition comprises at least

one ferpene selected from the group consisting of limonene, myvcerene, pinene, malool,
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beta carvophyllene, and a cannabineid selected frony the group consisting of THC, CBD,

and a ixture of THC, CBD.

20. The method of claim 19, further comprising the step of exposing said subject to

an OP or carhamate acetvicholinesterase uhibitor as a prophylactic treatient.

21, The method of claim 20, firther conprising adnunistering to xaid subject atropine
and an oxane m an amount effective to prevent adverse effects from said prophyvlactic

exposure to OP or carbamate.

22. The method of claun 19, further comprising co-adninistering pyridostignune

hromiide to said subject.

23. The method of claim 11, wherein said composition is adnumistered to said subject
afier exposure to an OP or a carhamate acetylcholinesterase inhibitor and said composition
comprises a blemd of UBD and THC i a weight ratio of between about 3 and 400 mg to

about 3.0001 and 10 mg, respectively.

24, The method of claim 23, finther comprising the siep of adminmistering a blend of

PWe OF more ferpenes.

25, The method of claun 24, wherein said terpine blend comprises two or piore
terpenes selected from the group consisiting of of limonene, piene, nivreene, linalood,

beta carvophylene, terpmeol and terpmolene.

26. A method of freating or preventing a disease, disorder, dysfimetion or syndrome
caused by exposure {o an organophosphate or carbamate acetyvicholmesterase nhibitor,
satit method conprising admunistering to a subject exposed to or at risk of exposure to said
QF or carbamate, g composition comprising af least two terpmes selected from the group
consiting of limonene, myrcene, hinalool, beta carvopliviene, terpieol, ferpmolene, and

pinene, in an anwount effective to treat or prevent said disease, disorder, dysfunction or

syndrome.
27. The method of claim 26, wherein said terpine mixture comprises alpha pinene.
28. The method of claim 26, wherein said blend comprises beta-caryophylene,

lnnonene, nivicene, and lmalool.
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29 A compowd having the following stuchue:
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