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SUMMARY . A central tenetunder lyingtheuseof botani cal remediesis

that herbscontain many activeingredi ents. Pri mary activeingredi ents
may been hanced by sec ond ary com pounds, whichactinbenefi cia syn-
ergy. Other herbal constituentsmay miti gatethesideef fectsof domi nant
activeingredi ents. Wereviewedthelit er atureconcerningmedi cal car+
nabisanditspri mary activeingredi ent,D°-tetrahydrocannabinol (THC).
Goodevidenceshowsthat second ary com poundsin can nabismay enhance
theben efi cial ef fects of THC. Other cannabinoid and non-cannabinoid
com poundsin herbal can nabisor itsex tractsmay reduce THC-in duced
anxi ety, cholinergicdef i cits, andimmunosuppression. Cannabisterpenoids
and flavonoidsmay alsoin crease cerebral blood flow, en hance cor ti cal
activity,kill respi ratory pathogens, and provideanti-inflammatory activ-
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INTRODUCTION

Cannabisisan herb; it containshun dredsof phar maceuti cal com pounds
(Turner eta . 1980). Herbd istscon tend that polypharmaceutical herbsprovide
twoadvantagesover single-ingredi ent syntheticdrugs: (1) ther apeuticeffects
of the pri mary activein gredi entsin herbs may be synergized by other com-
pounds, and (2) sideeffectsof thepri mary activeingredi entsmay be mitigated
by other com pounds. Thus, can nabishasbeen char acterizedasa“syner gistic
shotgun,” in con trast to Marinol@ (D%tetrahydrocannabinol, THC), a syn -
thetic, single-ingredi ent“sil ver bul let” (McPartland and Pruitt 1999).

Mechoulam et al. (1972) sug gested that other com poundspresent in herbal
cannabismightinfluenceTHC activ ity. Carlini et a . (1974) deter mined that
cannabisex tractspro duced ef fects“two or four times greater than that ex -
pected from their THC content.” Simii larly, Fairbairn and Pickens (1981) de-
tectedthepresenceof unidenti fied“ pow er ful syner gists’ incannabisextracts
causing 330% greater activ ity inmicethan THC alone.

Other compounds in herbal cannabis may ameliorate the side effects of
THC. Wholecannabiscausesfewer psy chologi cal sideef fectsthan synthetic
THC, seenassymptomsof dysphoria, deper sonal ization, anx i ety, panicreac
tions, and paranoia (Grinspoon and Bakalar 1997). Thisdif fer encein side ef-
fect profilesmay also bedue, in part, to dif fer encesinad ministration: THC
taken by mouth un der goes*“first passmetab olism” inthesmall intestineand
liver,to11-hydroxy THC;themetaboliteismorepsy choactivethan THC it self
(Browneand Weissman 1981). Inhaled THC under goeslit tlefirst-passmetab-
olism, soless11-hydroxy THCisformed. Thus, “smokingcannabisisasatis-
factory ex pedi entincombat ingfatigue, head acheand ex haustion, whereasthe
oral ingestion of can nabisresultschiefly inanar cotic ef fect which may cause
seri ousalarm” (Walton 1938, p. 49).

Respi ratory sdeef fectsfrominhal ing cannabissmokemay beameliorated by
both cannabinoi d and non-cannabinoid com po nentsin can nabis. For in stance,
throatirri tationmay bedi minished by anti-inflammatory agents, mutagensin
the smoke may bemiti gated by antimutagens, and bacterial contami nantsin
cannabismay be annulled by anti bi otic com pounds (McPartland and Pruitt
1997). Thephar maceuti cally activecom poundsin cannabisthat en hanceben-
efi cial THC activ ity and reducesideef fectsarerel atively unknown. Thepur-
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poseof thispaper istoreview thebio chemistry and physi ologi cal ef fectsof
those other com pounds.

MATERIALS AND METHODS

MEDLINE (1966-2000) was searched using MeSH keywords: cannabin-
oids,marijuana,tetrahydrocannabinol. AGRICOLA (1990-1999) was searched
usingthekeywordscannabis, hemp, and mar i juana. Phytochemical and ethno.
botanical databases were searched via the Agricultural Research Service
webpage <http://www.ars-grin.gov/~ngrisb/>. All re ports were scanned for
supporting bib liographicci tations; ante ced ent sourceswereretrievedtothe
full est possi bleex tent. Datavalidity wasassessed by source (peer-reviewed
articlevs.popularpress),identifi cationmethodol ogy (analyti cal chemistryvs.
clini cal history) andthefrequency of independent obser vations.

RESULTS AND DISCUSSION

Turner etal . (1980) listed over 420 com poundsin cannabis. Sparacinoetal.
(1990) listed 200 ad di tional com poundsin can nabissmoke. Wewill highlight
six cannabinoids be yond THC, adozen-odd terpenoids, three flavonoids, and
onephytosterol . Other non-cannabinoi dswith proven phar macologi cal activ-
ityincludepoorly char acterizedglycoproteins, a kal oi ds, and com poundsthat

remaincompletely unidentified (Gill etal . 1970).

CANNABINOIDS

Mechoulam and Gaoni (1967) de fined * cannabinoids’ as a group of C.,;
terpenophenolic com poundsuniquely produced by cannabis. Thesub sequent
devel opment of synthetic cannabinoids(e.g., HU-210) hasblurred thisdef i ni-
tion, ashasthediscov ery of en dog e nous cannabinoids(e.g., anandamide), de
fined as “endocannabinoids’ by DiMarzo and Fontana (1995). Thus, Pate
(1999) proposed the term “phytocannabinoids’ to designate the G 1 com-
pounds pro duced by can nabis. Phytocannabinoidsex hibit very low mam ma
lian toxicity, and mixtures of cannabinoids are less toxic than pure THC
(Thompsonetal. 1973).

Cannabidiol (CBD) isthe next-best stud ied phytocannabinoid af ter THC
(Figurel). Theinvesti gationof CBD by mari juanaresearchersisrather par a
doxi cal, consideringitsconcentrationsarenotably lower indrugvari etiesof
cannabisthaninfi ber cultivars(Turner et a. 1980).
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CBD pos sesses sed ativeprop er ties(Carlini and Cunha, 1981), and aclini-
cal trial showedthat it reducestheanx i ety and other unpleasant psy chologi cal
sde ef fectspro voked by pure THC (Zuardi et al. 1982). CBD modulatesthe
pharmacokinetics of THC by threemech anisms: (1) it hasasdlight af finity for
cannabinoid re cep tors (Ki at CB1 = 4350 nM, com pared to THC = 41 nM,
Showalter et al. 1996), andit signasreceptorsasanantagonistorreverseag e
nist (Petitet et d. 1998), (2) CBD may mod u late sig nal transduction by per-
turbingthefluidity of neuronal mem branes, or by remodel ing G-proteinsthat
carry intracellular sig nalsdown stream from cannabinoid receptors, and (3) CBD
isapotentinhibi tor of cytochromeP450 3A 11 metab olism, thusit blocksthe
hydroxylation of THC to its 11-hydroxy metabolite(Bornheim et d. 1995).

The 11-hydroxy metab o liteisfour timesmore psy cho ac tive than unmetabo-
lized THC (Browne and Weissman 1981), and four times more immuno -

suppressive (Klein et a. 1987).

CBD providesantipsychotic ben efits(Zuardi et al. 1995). Itin creasesdo pa-
mineactivity, serves as a serotoninuptakeinhibi tor, andenhancesnorepin-
ephrineactivity (Banerjeeeta. 1975; Poddar and Dewey 1980). CBD protects
neuronsfromglutamatetox icity and servesasananti ox i dant, morepotently
than ascorbate and a -tocopherol (Hampson et a . 1998). Auspi cioudy, CBD
does notdecreaseacetyl choline(ACh) activ ity inthebrain (Domino 1976;
Cheney et al . 1981). THC, in con trast, re duces hippocampal AChreleasein
rats (Cartaet a . 1998), and thiscor relateswith | ossof short-term mem ory con-
solidation. InthehippocampusTHC dsoinhibits Nmethyl-D-aspartate (NMDA)
receptor activity (Misner and Sullivan 1999; Shen and Thayer 1999), and
NMDA synaptictransmissioniscrucial formemory consol i dation(Shimizuet
d. 2000). CBD, unlike THC, does not dampen thefir ing of hippocampal cells
(Heyser et d . 1993) and does not disrupt learn ing (Brodkin and Moersch-
baecher 1997).

Consroe(1998) presented anex cel lentreview of CBD inneurologi cal dis-
orders.Insomestudies,itamelioratessymptomsof Huntington’ sdisease, such
asdystoniaand dyskinesia. CBD mit i gatesother dystonic con di tions, such as
torticollis, inrat studiesand uncontrolled human studies. CBD functionsasan
anticonvulsant in rats, on a par with phenytoin (Dilantin®, a stan dard anti-
epileptic drug).

CBDdemonstratedasyner gisticbenefitinthereductionof intesti nal motik
ity in mice pro duced by THC (An der son, Jack son, and Chesher 1974). This
may beanim por tant com ponent of ob served benefitsof cannabisininflamma
tory bowel diseases.

TheCBD incannabissmokemay ex plainwhy inhal ingit causeslessair way

irri tationandinflammationthaninhalationof pureTHC (Tashkinetal. 1977).
CBDimpartsanal gesia(morepotently than THC), itinhibitsery thema(mucl

morethan THC), it blockscyclooxygenase (COX) activ ity with agreater max-
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i mum in hi bi tionthan THC, and it blockslipoxygenase (the en zymethat pro-
ducesasthma-provokingleukotrienes), againmoreef fectively than THC (Evans
1991). Micewithinflammatory col lagen-induced ar thri tis(amouse model for
rheumatoidar thri tis) weregiven oral CBD (5 mg/kg per day) and showed clin-
i cal improvement, andthetreat ment ef fectively blocked progressionof thear-
thri tis(Malfait et a. 2000).

CBD report edly haslittleor no ef fect on theim mune system (reviewed by
Klein et al. 1998), a though the mouse ar thri tis study by Malfait et al. (2000)
showed CBD decreasestheproductionof tumor necrosisfactor (TNF)and In-
terferon-gamma (IFN-g), which are two immunomodulatory cytokines de -
scribedlater. CBD actually killsbacteriaand fungi, with greater potency than
THC (Klingeren and Ham 1976; ElSohly et a . 1982; McPartland 1984). Thus,
can nabismay havelessmi crobial contami nationthan other herbs, anim por-
tant consider ationforimmunocompromisedindi viduas(McPartlandand Pruitt
1997).

C7)annabi nol (CBN) isthedegradation product of THC (Turner etal. 1980),
andisfound most of teninaged cannabisproducts(Figurel). CBN potenti ates
theef fectsof THCinman (Musty et al. 1976), yetit antag o nizestheef fectsof
THC in mice (Formukong et al. 1988). Studiesre port ing CBN’ s ef fects upon
norepinephrineand do pamineal so conflict—CBN may havenegli gi bleef fects
on these biogenic amines (Banerjee et a. 1975), en hancetheir release (Poddar
and Dewey 1980), or de crease their re lease (Dalterio et al. 1985). CBN in-
creasesplasmaconcentrationsof fol li cle-stimulating hor mone, andenhances
the pro duc tion of testicular testoster one (Dalterio et al. 1985). CBN shares
some char acter isticswith CBD; for ex ample, it hasanti-convulsant activ ity
(Turner et a. 1980) and anti-inflammatory activity (Evansetal . 1991).

CBN haséf finity for CB ;receptors(Ki at CB1=308nM) andsignalsasan
agonist (Showalter eta . 1996). Fur ther downthesig nal transduction cascade,
itstimulatesthebindingof GTP-g-S(Petitet et al . 1998), but with half the ef fi-

cacy of THC; when CBN isaddedto THC, theef fectsarenot sig nif i cantly ad-
di tive. CBN has athree-fold greater &f finity for CB ,re cep tors (Ki = 96 nM)

(Showalter et al. 1996), thusit may af fect cells of the im mune system more

thanthecentral ner voussystem %Klei netal. 1998). CBN mod ulatesthymocytes
(Herring and Kaminski 1999) by attenuatingtheactiv ity of the ccAMP re-

sponse element-binding protein (CREB), nuclear factor kB (NF-kB), and
interleukin-2(IL-2).1L-2isregulated by acti vator protein-1 (AP-1) transcrip-
tion factor, acom plex of c-Fosand c-Jun pro teins (Folettaet al. 1998); CBN
inhibitstheex pression of theseproteinsin splenocytes, viade creased acti va
tion of ERK MAP kin ases (Faubert and Kaminski 2000).

Cannabichromene (CBC) isthe fourth major cannabinoid, found pre domii-
nantly intropi calCannabis spp. strains (Fig ure 1). Until themid-1970s, CBC

wasfrequently misidenti fiedasCBD, because CBC and CBD havenearly the
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sameretentiontimesin gaschromatography. Like CBD, CBC decreasesin-
flammation (Wirth et a. 1980) and provides andgesic ef fects(Davisand
Hatoum1983). CBCinhibitsprostaglandinsynthesisinvitro, butlesspotently
than CBD or THC (Burstein et a . 1973). CBCex hibitsstronganti bacteria ac-
tivity andmildantifungal activity, superior to THC and CBD inmost in stances
(EISohly et d . 1982). Unlike CBD, CBC hasno ef fect on cytochrome P450 en-
zymes(Kapeghianetal . 1983), nor doesit func tion asan anticonvulsant in rats

(Davisand Hatoum 1983). o
Themolecular af finity of CBCfor cannabinoid receptorshasnot been mea.

sured. Inmice, CBC causeshy pother mia, sedation, and synergizesthedepres-
sant ef fects of hexobarbital (Hatoum et al . 1981). CBC also se dates dogsand

decreasesmuscular coor di nationinrats, but causesno cannabimimeticactiv-
ityinmonkeysand people(Turner etal . 1980). I nrats, theco-ad ministration of
CBCwithTHC potenti atesTHC changesin heart rate, but doesnot potenti ate
THC's hypotensive ef fects (O’ Nelil et a. 1979). Co-ad ministrationof CBC
low ersthelL Dggdose of THC in mice (Hatoum et al . 1981).

Cannabigerol (CBG) isthebiosynthetic precur sor of CBC, CBD, and THC,
and ispresent only in mi nor amounts (Fig ure 1). CBG hasbeen called “in ac
tive” when com pared to THC, but CBG has dight af fin ity for CB, receptors,
approximately the same as CBD (Devane et al. 1988). In rat brains, CBG in-
hibitstheuptakeof serotoninand norepinephrine, lessef fectively than CBD
and THC, but CBGinhibitsGABA uptakemoreef fectively thanCBD and THC

(Banerjee et al. 1975). CBG actsasanana gesic (more[:()o tently than THC), it
in hibitser y thema (much morethan THC), and it blocks lipoxygenase, again

moreef fectively than THC (reviewed by Ev ans1991).

CBGhasanti bacterial properties(Mechoulamand Gaoni 1965). Itsactivity
against gram-posi tivebacteria, my cobacteria, andfungi issu perior tothat of
THC, CBD, and CBC (ElSohly et al. 1982). CBGinhibitsthegrowth of human
oral epitheloid car ci nomacells(Baek et al . 1998).

Delta-8-THC (D8-THC) isan iso mer of delta-9-THC; it dif fersonly by the
lo cation of the dou ble bond in the cyclohexal “C” ring. TheKi of DB-THCIis
126 nM (Compton et al . 1993), and thisloosely cor relateswith humanstudies,
which show DE&-THC slesspsy choactivethan D®-THC (Hollister 1974). The
chemi cal stabil ity of DB8-THC and its rel ativeeaseof synthesiscom paredto
DeTHC, have made D8 THC thetem platefor thedevel op ment of twoim por-
tant synthetic derivatives, the extremely potent psy choactiveCB,; agonist,
HU-210 (Mechoulam and Ben-Shabat 1999), and the non-psy cho ac tive anti-
emetic and neuroprotectant, HU-211 (dexanabinol) (Achiron et al. 2000;
Biegon and Jo seph 1995; Gallily et al. 1997). D&THC was employedclini-
cally in anim por tant study (Abrahamov and Mechoulam 1995) in which 8
chil drenwithhematologi cal malignanciesweretreatedwiththedrug over the
course of 8 months at a dose of 18 mg/mZ2totreatchemother apy-associ ated
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nauseaandvomiting. Interestingly, not only wasthisagent uni formly ef fective
asan antiemetic, but it wasa so free of psy cho active ef fectsin thisagerange
(2-13 years).

_ Tetrahydrocannabivarin (THCV) isapropyl an alogue of D°-THC, pri mar-

ily appearinginindica and afghanica vari etiesof cannabis, such ashashish

from Ne pal (Merkus 1971), dagga from South Af rica (Boucher et a . 1977),

and in plantscul ti vated from seedsfrom Zam bia (Pittset al . 1992) (Figure 1).

THCV isonly 20-25% as psy cho ac tiveas -THC (Hollister 1974). It has a
quicker on set of ac tion than D9-THC (Gill et al. 1970), and isof briefer du ra-
tion (Clarke1998). THCV may beclini cally ef fectivein mi grainetreat ment
(Per sonal communi cation, HortaPharm, November 2000). Kubenaand Barry

(1972) sug gested THCV synergizesthe ef fects of THC, but did not hy poth e-
sizeamech anism. Asalegal fine point, thisan alogueisnot controlledinthe
Neth er lands, and isnot speci fiedinthe USA asaSched ulel drug, but would

likely beconsideredil legal undertheControlled SubstanceAnalogueEnforce
ment Act of 1986 (PublicLaw 99-570). THCV isof inter estfromamedi cal-le

gal stand point in that is has been sug gested asabio chemi cal marker of il licit

cannabisuse, sinceitisnotametaboliteof Marinol @ (synthetic THC) (ElSohly
eta . 1999).

TERPENOIDS

The unique smell of can nabis does not arise from cannabinoids, but from
over 100 terpenoid com pounds (Turner et al. 1980). Terpenoids de rive from
repeat ing unitsof isoprene (C.H,), such as monoterpenoids (with C, ,skel e-
tons), sesquiterpenocids (C; 5), diterpenoids (Cs o), and triterpenoids (Cap). The
final structure of terpenoids ranges from simple linear chains to complex
polycyclicmol ecules, andthey may includeal cohoal, ether, al dehyde, ketone,
or ester functional groups. These com poundsareeasily ex tracted from plant
material by steamdistil lation or vapor ization. Thisdistil lateiscalled the es-
sential oil or vol atileoil of the plant. A range of researcherscitedif ferent
yieldsof essential oil from dif fer ent types of can nabis: Mar tin et al. (1961)
citedyieldsof 0.05-0.11% essential oil fromfresh, greenleavesand flow ersof
mixed maleandfemaleplants, fromferal hempgrowingin Canada. Nigramet
al. (1965) yielded 0.1% essential oil fromfresh, whole, maleplantsfrom Kash-

mir. Malingré et a. (1973) yielded 0.12% es sentia oil from fresh leaves of
“strain X" obtained from birdseed in the Netherlands. Ross and ElSohly

(1996) yielded 0.29% essential oil from freshmar i juanabuds, reputed to bethe

Afghani vari ety “Skunk #1.” Drying the plant material led to aloss of water
con tent and net weight, con cen trat ing the es sen tia oil to 0.80% in buds that

had been dried at room tem per ature for oneweek (Ross and El Sohly 1966).
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Field-cul ti vated cannabisyieldsabout 1.31i ter of essential oil per metricton
of freshly har vested plant mate rial (Mediavillaand Steinemann 1997). Pre-
venting pol li nationin creasestheyield of essential oil-18 I/hain sinsemilla

crops, ver sus8l/hain pol li nated crops (Meier and Mediavilla1998). The conr
position of terpenocids varies between strains of cannabis (Mediavilla and

Steinemann 1997), and var ies be tween har vest dates (Meier and Mediavilla
1998).

M)any terpenoidsvapor ize near the sametem per atureas THC, which boils
at 157°C (seeFigures 1-2). Terpenoidsarelipophilic and per meatelipid mem
branes. Many crosstheblood-brainbar rier (BBB) af terinhalation (Buchbauer
eta . 1993; Nasel et al 1994).

Meschler and Howlett (1999) discussed severa mechanisms by which
terpenoids modulate THC activity. For instance, terpenoids may bind to
cannabinoidreceptors. Thujone, from Ar temi siaabsinthiumhasaweak af fin-

ity for CB4 receptors(Ki at CB; = 130,000 nM). Terpenoids might mod u late
theaf finity of THCfor itsownreceptor, by sequestering THC, by per turbing

annularlipidssur roundingthereceptor, or by increasingthefluidity of neuronal
mem branes. Fur ther down stream, terpenoids may al ter thesig nal cascadeby
remodel ing G-proteins. Terpenoidsmay a ter thepharmacokineticsof THC by
changingtheBBB; cannabisex tractsareknowntocauseasignifi cantincrease
inBBB per meabil ity (Agrawal et al 1989). Terpenoids may also act on other
receptorsand neurotransmitters. Someterpenoidsact asseroto ninup takein-
hibi tors (as does Prozaca ), en hance norepinephrine activ ity (asdo tricyclic
antidepressants), increasedo pamineactiv ity (asdomonoamineoxidaseinhib-

itors and bupropion), and aug ment GABA (as do baclofen and the benzodiaz-
epines). Recently, strongserotoninactivity atthe5-HT , and 5-HT,,, receptors
has been dem on strated (Russo et al. 2000; Russo 2001) that may sup port syn-
er gisticcontri butionsof terpenoidson can nabis-medi ated painand mood ef-
fects. Further studies are in progress to identify the most active terpenoid
componentsrespons ble, andwhether syner gismof thecom po nentsisdemon-
strable.

Theessential oil of cannabisistradi tionally employedasananti-inflamma

toryintherespi ratory anddi gestivetractswithout knowncontraindi cationsat
physiological dos ages (Franchomme and Pénoél 1990). The es sen tia oil of

black pep per, Piper nigrum, hasacomposi tionof terpenesthatisqual i tatively
quitesimi lar to that of can nabis (Law less 1995). It has of ten been claimed

anecdotally, that smoked can nabismay sub sti tutefor nic otinein at temptsat
smoking cessation. Asidefromcannabinoidinfluences, cur rent evi dencesup-

portsthiscontention based onterpenecontent anditsactiv ity. A re cent study

hasshownthat in halation of black pep per essentia oil vaporsignificantlyre
ducedwithdrawal symptomsandanxi ety intobacco smok ers(Roseand Behm

1994). Interestingly, theauthorsposited notacentral biochemi cal mechanism,
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FIGURE 1. Phytocannabinoids
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FIGURE 1 (continued)

Structure* Concentrationt | Boiling Properties
(% dry weight) Point °C8
D-8-tetrahydrocannabinol (D-8-THC) 0.0-0.1% 175-178 | Resembles
CHy D-9-THC
Lesspsychoactive
More stable
Z H Antiemetic

Chy

H3C (0]
tetrahydrocannabivarin (THCV) 0.0-1.36% <220 Analgesic

Euphoriant
‘ oH

*Struc tures of con stit u ents ob tained from Bissett and Wichtl 1994; British Med i cal As so ci a tion 1997; Buckingham
1992; Iversen 2000; Tisserand and Balacs 1995; Turner et al. 1980.

tCon centrations of con stitu ents (v/w or w/w) were cal cu lated from vari ous sources. Cannabinoid concentrations
(pre sented as arange, in clud ing cannabinoids and cannabinoidic ac ids) were primar ily ob tained from Small, 1979;
Veszki et al., 1980; Fournier et al., 1987; and Pitts et al., 1992. Terpenoid data (pre sented as maximumvalues)
were cal cu lated from Ross and El Sohly, 1996; and Mediavilla and Steinemann, 1997. Flavonoid data came from
Paris et al., 1976; and Barrett et al., 1986.

8Boiling/melting points (MP) re corded at at mo spheric pres sure (760 mmHg) un less otherise noted ;valuesobtained

from var i ous sources, pri mar ily Buckingham, 1992; Guenther, 1948; Parry, 1918; and Mechoulam (p er sonal com -
munication, April2001).

but rather aperiph eral oneassuming physi cal cuesof bron chia sensationas
oper ativeintheori ginof thebenefit. Thetruescopeof theessential oil benefits
in this con text may be quite a bit broader.

Pate (1994), McPartland (1997), and McPartland, Clarke and Watson
(2000), havereviewedthepesti ci dal proper tiesof cannabisat tribut abletoits
terpenoid content. Theessential oil of Eugenia dysenterica wasre cently dem-
onstratedtohavesignifi cantinhibi tory ef fectson Cryptococcus neoformans
strainsiso lated from HIV patients with cryptococcal menin gi tis (Costaet al .
2000). Key components of that oil were common to cannabis: b-caryo-
phyllene, a-humulene, a-terpineol, and limonene.

Ad di tionally, monoterpenes such asthose abun dant in can nabisresin have
been sug gested to: (1) in hibit cholesterol synthesis, (2) pro mote hepatic en-



John M. McPartland and Ethan B. Russo

113

FIGURE 2. Terpenoid es sen tial oil com po nents of can na bis.
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FIGURE 2 (continued)
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zymeactivity to detoxify car cinogens, (3) stimulateapoptosisincellswith
damaged DNA, and (4) inhibit proteinisoprenylationimpli catedin malignant
deteri oration(Jones1999).

Myrcene, specifically b-myrcene, a noncyclic monoterpene, is the most
abun dant terpenoid pro duced by can nabis(Rossand ElSohly 1996; Mediavilla
and Steinemann 1997). It also oc cursin high con centrationsin hops (Humul us
lupulus) and lemongrass (Cymbopogon citratug. Myrceneisapotentanal ge-
sic, acting at central sitesthat are an tag o nized by naloxone (Rao et a. 1990).

Myrcene also works viaa pe riph eral mech anism shared by CBD, CBG, and
CBC-by blockingtheinflammatory activity of prostaglandinE, (L orenzetti et

a.1991). Thisactiv ity isex pressed by other terpenoidsin can nabis smoke,
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such as carvacrol, which is more po tent than THC or CBG (Burstein et a.
1975). The activ ity of many terpenoids may be cu mu lative: unfractionated
cannabisessential oil ex hibitsgreater antiinflammatory activ ity thanitsindi-
vidual constituents, suggestingsynergy (Evansetal . 1987).

Myrceneal so synergizestheanti bi otic potency of other essential oil com-
po nents, againstStaphylococcusaureus, Bacil lussubtilis, Pseudomonasaer u
ginosa, and a specific strain of Escherichia coli (Onawunmi et al. 1984).
Myrcenein hibits cytochrome P450 2B1, an en zymeim pli cated in the met &
bolic ac ti vation of promutagens (De Oliveiraet al. 1997). Af latoxin B, isa
promutagen pro duced by Aspergillus flavus and Aspergillus parasiticus, two
fungal contami nantsof moldy mar i juana(reviewed by McPartland and Pruitt
1997). After af latoxin B, ismetabolized by PA50 2B1, it be comesex tremely
hepatocarcinogenic. Myrcene blocks thismetab o lism, as do other terpenoids
incannabis, including limonene, a-pinene, a-ter pi nene,andcitronellal (De
Oliveiraet a. 1997).

b -Caryophylleneisthemost com mon sesquiterpenoidin can nabis(Mediavilla
and Steinemann 1997). It is the main component of copaiba balsam, from
Copaifera spp. (Law less1995), whichisapop u lar oral andtopi cal anti-in-
flammatory agentin Brazil (Basileet al. 1988). Thelat ter authorswereableto
demonstrateanti-inflam matory ef fectsof theoleoresininratscom parableto
phenylbutazone, inreduction of granulomafor mation. A decreasedvascular
per meability toinjectedhistamine was a so ob served.

A gastriccytoprotectiveef fectof b-caryophyllenewasdemonstratedinrats
against chal lengewithab soluteethanol andhy drochloricacid (Tambeet d.
1996). Thisben efit wasnoted with out influ enceon gastric acid or pep sinser
cretion. Theauthorssuggestedthisagentasclini cally safe, andpotentially use
ful. Camp bdll et d. (1997) have demonstrated amoder ateantimalarial ef fect
against two strains of Plasmodium falciparum by an essentia oil rich in
b-caryophyllene and a -terpineol.

Limonene isamonocyclic monoterpenoid and amajor constit u ent of cit rus
rinds(Tisserand and Balacs 1995). It findsex tensiveuseasasol vent andinthe
per fumery and flavor in dustries. Be cause of limonene' swide spread oc cur-
renceandappli cation, itshi ologi cal activity iswell known. Limoneneishighly
ab sorbed by inhalationand quickly ap pearsin the blood stream (Falk-Flilips-
son et a. 1993). AccordingtoRossand ElSohly (1996), [imoneneisthesecond

most commonterpenoidinanunidenti fied cultivar of cannabis.
Limonenemay havealow-af finity inter actionwith cannabinoid receptors

(Meschler and Howlett 1999). Studies of long-term in halation of lemon fra-
grance(predomi nately limonene) havedem onstratedin hi bi tion of thymicin-
vo lutionin stress-in duced immunosuppression in mice (Ortiz de Urbinaet al .
1989).



116 CANNABIS THERAPEUTICSIN HIV/AIDS

Limonene was the pri mary com po nent of the essential oil mix ture em-
ployed by Komori et a . (1995), intheir clini cal study of immunefunctionand
depressivestatesinhumans. Thekey result of thisex per i ment wastheabil ity
tomark edly reducethedosageof, or evenelimi natetheneedfor, synthetican-
tidepressantdrugs.

Asmen tioned in the myrcene sec tion, limonene pro tects against af latoxin
B1-induced can cer by inhibiting thehepatic metab olism of the promutagento
itsactiveform. Limonenea so blocksthispro cessat two ear lier tepsby inhibit-
ing the growth of Aspergillusfungi andinhibitingtheir productionof aflatoxins
(Greene-McDowelleet a. 1999). Limonene and other terpenoids sup pressthe
growth of many spe cies of fungi and bac teria, dem on strated in hun dreds of
pub lished studies(reviewed by McPartland 1997).

Limoneneblocksthe carcinogenesisin duced by benz[ a anthracene (Crowell
1999), acom po nent of the* tar” gen er ated by thecom bustion of herbal can na

bis. Thus, this terpenoid may re duce the harm caused by in hal ing can nabis
smoke. Limonene blocks carcinogenesisby mul ti plemechanisms. It detox i-

fies carcinogensbyinducingPhasel | car cinogen-metabolizingenzymes(Crowell
1999). It selectively inhibitstheisoprenylation of Rasproteins, thusblock ing
the ac tion of mu tant ras onco genes (Hardcastle et a. 1999). It in duces re-
differentiation of cancer cells(by enhancingex pressionof transforminggrowth
factorb1 and growth factor Il receptors), and it in duces apoptosis of can cer
cells (Crowell 1999). Oraly administeredlimoneneiscurrently undergoing
Phasell clini cal tri alsinthetreat ment of breast can cer (Vigushinet al. 1998);
italsoprotectsagainst lung, liver, colon, pan creas, and skincan cers(Vigushin
et a . 1998; Crowell 1999; Setzer et al. 1999).

Linalool isanoncyclicmonoterpenoid, commonly ex tractedfromlav ender
(Lavandula spp.), rose (Rosa spp.), and neroli oil (from Citrusaurantium). It
usu ally con sti tutes 5% or less of can nabises sential oil (Ross and ElSohly
1996). Linalool nev erthelessex hibitsstrongbi ologi cal activity. Buchbauer et

a. (1_993?_83 sayed the sed ative ef fects of over 40 terpenoidsupon inhalation
by mice; linal ool wasthemaost pow er ful, reducingmousemotil ity 73%af ter 1

hour of inhalation. Thestudy dem on strated that other terpenoidsfoundin can-

nabis, such as citronellol and a-terpineol, are also deeply sedat ing uponin ha-
|ation,eveninlowconcentrations. Further more, combi nations of these terpenoids
(e.g., neroli oil) aresyner gisticintheir sed ativeef fects. Theseterpenoidsmay
miti gatetheanxi ety provoked by pure THC. Inhalationof suchterpenoidsal so
providesanti depressant ef fects(Komori etal . 1995).

Reducinganxi ety anddepression will improve immune function viathe
neuroendocrinesystem, by dampingdownthehy pothalamic-pi tuitary-adrenal
(HPA) axis. Hence, inhalationof terpenoids reduces the secretion of HPA
stresshor mones(e.g., corticosterone), and nor mal izesCD4-CD8ratios(K omori

et al. 1995). By a similarmechanism, terpenoids in Ginkgo biloba inhibit
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corticosterone secretion by attenuating corticotropin-releasingfactor (CRF)
expression(Marcihacet a. 1998). CRF not only in ducescorticosteronese cre-
tionviatheHPA axis, itisalsoassoci ated with anx i ety. Rodriguez de Fonseca
et a. (1996) showed that the psy cho ac tive cannabinoid HU-210 caused are-
lease of CRF. Thus, theterpenoidsact syner gisti cally withnon-psy choactive
CBD, whichmay decrease CRF by inhibitingIFN-g(Malfait et al. 2000).

Pulegone, amonocyclic monoterpenoid, isami nor con stit u ent of cannabis
(Turner et al. 1980). Higher con centrationsof pulegonearefoundinrose mary
(Rosmarinus officinalis), “theherb of remembrance.” Pulegonemay al levi ate
amajor side ef fect of THCH oss of short-term mem ory con sol i dation. THC
causesacetyl choline (ACh) def i citsinthehip po cam pus. Hippocampal ACh
defi citsareal soseeninpeoplewith Alzhel mer’ sdisease. Alzhei mer’ spatients
can be treated with tacrine (Cogne® ), adrug that in creases ACh activ ity by
inhibiting acetylcholinesterase (AChE). In deed, tacrinehasblocked THC-in-
duced mem ory lossbe hav ior in rats. Pulegone ex hibitsthe sameactiv ity as
tacrine, that of AChE in hi bi tion (Miyazawaet a. 1997). Other terpenoids in
cannabisasoprovideAChEinhi bi tion,includinglimonene, limoneneox ide,
a -ter pi nene,g-ter pi nene, terpinen-4-al, carvacrol, I-and d-carvone, 1,8-cineole,
p-cy mene, fenchone, and pulegone-1,2-epoxide (Perry etal . 1996; M cPartland
and Pruitt 1999). Theben efi cial ef fectsof AChE inhibi tors, how ever, arede
creasedinindi vidualscar ry ing the E4 sub type of the apolipoprotein E gene,
ApoE E4 (Poirier et al . 1995). Pulegonehasalsodemonstrated sig nif i cant sed-
ativeandantipyreticpropertiesinastudy inrats(OrtizdeUrbinaet al. 1989).

1,8-Cineole, abicyclic monoterpenoid, isami nor con stit u ent of can nabis
andthemajor ar o maticfoundin Eucalyptusspecies. Studiesshow thein hala
tionof 1,8-cineoleincreasescerebral bloodflow andenhancescorti cal activity
(Nasel et a.1994). Brain functionisenhanced by ad minister ing terpenoids
that im provecerebral blood flow, much as the ginkgolides in Ginkgo biloba
(Russo2000). Simi larly, cerebral bloodflowincreasesaf terinhal ingcannabis
smoke, and thisin crease isnot related to plasmalev elsof THC (Mathew and
Wil son1993).

A stimulatory effect on rat locomotion was demonstrated employinga

1,8-cineole-richessential oil of rose mary withaterpeneprofilesimi lar tothat
of can nabis (Kovar et al. 1987). Blood lev elscor related with the de gree of

stimulation ob served. Antinociceptiveand anti-inflam matory ef fectsof 1,8-
cineoleweredem on strated at high dosesinrats, using carrageenan rat paw and
cot tonpel let-induced granulomamod el s(Santosand Rao 2000). Ananal gesic
ef fect of anessential oil wasdemonstratedinan other ani mal study, and cor re
lated withthe 1,8-cineolecon centration (Aydinetal . 1999).
1,8-Cineoledemon strated anti bacterial activ ity against Bacillus subtilis,
and antifungal prop er tiesagainst Trichophyton mentagrophytes, Cryptococcus
neoformans, and Candida albicans (Hammerschmidt et al. 1993). In sub se-
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guent assays, thisessential oil com po nent wascidal against Candida albicans
and Escherichiacoli, and bacteriostatic against Staphylococcusaureus (Car-
sonand Riley 1995). Inarat study, 1,8-cineole prevented thesex ual transmis-
sion of Her pessimplexvi rustype 2 (HSV-2). HSV-2 isafre quently comorbid
condi tionwith HIV, and its pre ven tion has been sug gested as one method of
low ering HIV transmission risks (Gwanzuraet al. 1998).

Perry et al. (2000) demonstratedthat 1,8-cineolewasaninhibi tor of human

erythrocyte acetylcholinesterase, but that an essential oil of Salvia lavan-
dulaefoliacontaining 1,8-cineoleand other terpenoidsproduced asyner gistic

in hi bi tion of acetylcholinesterasethat sug gested util ity intheclini cal treat-
ment of Alzhei mer’ sdisease. A simi lar mechanismmay oper ateincannabis
essential oil withthesamecom po nents.

a -Pinene, abicyclic monoterpenoid, was ef fec tive in pre ven tion of acute
inflammationinacarrageenan-induced plantar edemamodel (Gil etal . 1989).
A pharmacokinetics study of in haleda -pinenein hu mansdem on strated 60%
uptake, andarel ativebronchodilationef fect (Falk etal . 1990). Af ter 1 hour of
inhalation, a-pinenepro duced a13.8%in creasein mouse mottil ity measures
(Buchbauer et al. 1993). a-Pinenehasin hibited acetylcholinesteraseinavari-
ety of assays(Perry etal . 1996; M cPartland and Pruitt 1999), suggesting util ity
intheclini cal treat ment of Alzhel mer’ sdisease. Theanti bi oticproper tiesof
a-pinene, a-terpineol, and terpinen-4-ol have been demonstrated against
Saphylococcusaureus, S.epidermidis and Propionibacterium acnes (Raman
et al . 1995). a-Pinene and itsiso mer b-pinene were both cytotoxic invitro
against Hep-G2 (hu man hepatocellular car ci noma) and Sk-Mel-28 (hu man
mel anoma) tumor cell lines(Setzer et al. 1999).

a -Terpineal, terpinen-4-ol, and 4-terpineol are three closely related mono-
terpenoids. Inhalationof a-terpineol reduced mousemotil ity 45% (Buchbauer
et al . 1993). Burits and Bucar (2000) dem on strated that 4-terpineol ex hib its
“respect able” radi cal scav engingandanti ox i dant proper ties. Terpinen-4-ol,
a-terpineol, and a-pinenedemonstrateddose-dependentanti bi oticproperties
against Saphylococcusaureus, S.epidermidis and Propionibacterium acnes
(Raman et al. 1995). Simi lar studieshavedemonstrated antimicrobial activity
against awiderange of patho genic or ganisms, ex cluding Pseudomonas (Car-
son and Riley 1995). Camp bell et d. (1997) havedem on strated amod er ate
antimalarial ef fect against two strains of Plasmodium fal ciparum by an essen-
tial oil with major a-terpineol and a-caryophyllenecomponents.

Cymene, or p-cymene, a monoterpenoid, is active against Bacterioides
fragilis, Candida albicans and Clostridium perfringens (Car sonand Riley
1995).
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Borneol , abicyclic monoterpenoid, wastested in wal nut oil as an ex ter nal
treat ment for pu ru lent otitismedia(Liu 1990), whereit proved to be 98% ef.
fective (P<0.001), to agreater de greethan neomycin, and with out tox icity.

D3-Carene, abicyclic monoterpenoid, wasef fectivein prevention of acute
inflammation in a carrageenan-induced plantar edema model (Gil et a.
1989).

FLAVONOIDS

Flavonoidsarear o matic, polycyclic phenols. Can nabispro ducesabout 20
of these com pounds, as free flavonoids and con ju gated glycosides (Turner et
d. 1980). Paris et al. (1976) estimated that can nabisleavesconsist of 1%
flavonoids. Some flavonoids are vol atile, lipophilic, permeate membranes,
andappar ently retainphar macologi cal activityincannabissmoke(Saueretal .
1983). Flavonoids may mod u | ate the pharmacokinetics of THC, viaamech a
nism shared by CBD, thein hi bi tion of P450 3A11 and P450 3A4 en zymes.
Naringenin, aflavonoid in grapefruit juice, aso in hib itsthese en zymes, thus
block ing themetab olism of cyclosporine, caf feine, benzodiazepines, and cal-
ciumantagonists(Fuhr 1998). Tworelated enzymes, P4503A4 and P450 1A 1,
metabolizeenvi ronmental tox insfrom procarcinogenstotheir acti vatedforms.
Thus, P450-sup pressing com pounds serve as chemoprotective agents, shield-
ing healthy cells from the activation of benzo[a]pyrene and aflatoxin B;
(Offordeta . 1997), which aretwo procarcinogenspo tentially found in can na-
bis smoke (McPartland and Pruitt 1997).

Apigeninisaflavonefoundinnearly all vascular plants(Figure3). It ex erts
a wide range of biological effects, including many properties shared by
terpenoids and cannabinoids. Apigeninisthe pri mary anxio lyt ic agent found
inchamomile, Matricaria recutita, (re viewed in Russo 2000). It selectively
bindswithhighaf finity tocentral benzodiaz epinereceptors, whicharelocated
in a- and b-sub units of GABA, receptors(Salgueiroet a. 1997); thisanxio-
Iytic activityisnotassoci atedwiththeunwantedside € fectscaused by syn-
theticbenzodiazepines, suchasmuscular relax ation, amnesia, and sedation.

Apigenininhibitstheproductionof tumornecrosisfactor-al pha(TNF-a ), a
cytokinepri mar ily ex pressed by monocytesand macrophages (Gerritsenet a .
1995). TNF-a inducesand maintainsinflammation, apathologi cal condi tion
inrheumatoidar thri tisandmul ti plesclerosis. THC decreasesTNF-a, prob a
bly by anonreceptor-medi ated mech anism (Burnette-Curley and Cabral 1995),
a though onestudy sug gested THC mightinduce TNF- a(Shiverset al. 1994).
Ei ther way, apigenin providesbenefi cial suppression of TNF-a, whether in
concertwithTHC or counter acting THC.
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FIGURE 3. Flavonoid and phytosterol com po nents of can na bis.
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Apigeninandother flavonoidsinter actwithestrogenreceptors, and ap pear
tobethe pri mary estro genic agentsin can nabissmoke (Sauer et al 1983). Al -
thoughapigeninhasahighaf finity for estrogenreceptors(especially b-estrogen
receptors),ithaslow estrogenicactivity; apigeninactualyinhibitsestradiol-
induced prolif er ation of breast can cer cells(Wang and Kurzer 1998).

Quercetinisaflavonol foundinnearly all vascular plants, in cluding can na
bis (Turner et al. 1980). Quercetinisapotent anti ox i dant; by somemeasures
more po tent than ascor bic acid, a-tocopherol, and BHT (Gadow et al. 1997).
Combi nationsof quercetinand other anti oxi dantswork syner gisti cally (Hud-
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son and Mahgoub 1981). The antioxidantpotential of quercetin and other
flavonoidsshoul d betested against CBD, an other potent anti ox i dant (Hampson
et a . 1998). Per hapsflavonoidscaninducechemi cal reductionof CBD, ef fec-
tively recy clingCBD asananti ox i dant. Flavonoidsblock freeradi cal for ma
tionat sev eral steps: by scav enging superoxideanions(inboth en zy matic and
non-enzy maticsystems), by quenchinginter medi ateperoxyl anda koxyl radi-
cals, andby chelatingironions, whichcat alyzemany Fentonreactionsleading
tofreeradi cal for mation (Musondaand Chipman 1998).

Free radi calsacti vateNF-kB, atran scriptionfactor proteinthatinducesthe
ex pression of onco genes, inflam mation, and apoptosis. Quercetin ar reststhe

for mationof NF-k B, by block ing the PK C-in duced phosphorylation of anin-
hibi tory subunitof NF-k B called IkB (Musonda and Chipman 1998), con se-
guently quercetin hin derscarcinogenesisand in flam matory diseases. NF-kB
also plays arole in the activation of HIV-1 (Greenspan 1993), so quercetin
may hinder the replication of that virus. In a similarfashion, slymarin (a
flavonoid pro duced by milk thistle, Slybummarianum) im pedes NFkB-in-

ducedrepli cationof thehepati tisCvi rus, and thusinhibitshepatic car ci noma
(McPartland 1996). These flavonoids may synergize with CBN, which also

downregulates NF-kB (Her ring and Kaminski 1999), thereby coun ter act ing

theef fectsof THC, which may in crease NF- KB ac tiv ity (Daska et a. 1997).

Cannflavin A isone of apair of prenylated flavones ap par ently unique to
cannabis(Barrett et al. 1986). Theyield of cannflavin A is0.02% of dry herb.
This compoundisapotentinhibi tor of prostaglandinE, inhumanrheumatoid
synovial cells, with an ICg,of 31 ng/ml, about 30 times more po tent than as pi-
rininthat system (Barrett et a. 1986). Cannflavin A in hib its cyclooxygenase
(COX) en zymes and lipoxygenase (LO) en zymes more po tently than THC
(Evanseta. 1987). How ever, these as sayswere donewith al co hol-ex tracted
cannflavin; wequestionwhether cannflavinissuf fi ciently vol atile. Other phe
nols relatedtoflavonoidsarevol atileand ap par ently retain phar macologi ca
activ ity incannabissmoke, suchaseugenol and p-vinylphenol (Burstein et al.
1976).

b -Sitosterol wasdem on strated in sig nif i cant con centrationsinthered oil
extract of cannabis (Fenselau and Hermann 1972). In animal assays, this
phytosterol reduced acuteinflammation 65% and chronicedema40.6% (Gomez
eta.1999). Thisagent hasbeenthesubject of mostinter est astheactiveingre-
di ent of Serenoa repens the saw palmetto, and Urtica dioica, the nettle,
wherein b-sitosterol acts as a 5-a -reductaseinhibitor. Innumer oustri als(Wilt
et al. 1998; McPartland and Pruitt 2000), stan dard ized ex tracts of saw pal-
metto have proven equiv alent or su perior tofinasteridein treat ment of benign
prostatichy perplasia.
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CONCLUSIONS

Does the body ab sorb non-cannabinoidsinphysi ologi cally rel evant con-
centrations? In the absence of experimental data, we can estimate, using
limonene asan ex am pleof AChE inhi bi tion. Ac cord ing to Rossand El Sohly
(1996), fresh, femaleflow er ingtopsconsist of 0.29% essential oil. Airdrying
of femaleflow eringtopsde creasestheir moisturecontent (MC) fromap prox i-
mately 85% MC to 15% MC, with a concomitant loss in water weight
(McPartland and Pruitt 1997). Al though someessentia oil isvol atil ized and
lostinthedry ing pro cess, theremaining terpenoidsbecomecon centrated. The
concentrationof essentia oil inair-dried can nabisis0.8%, and limonene con-

sists of 17.2% of the essential oil (Ross and EISohIg 1996). Thus, air-dried
can nabiscon sistsof 0.14% limonene; therefore a500 mg can nabiscig arette

(whichishalf the size of astan dard to bacco cig arette) would contain 0.7 mg
limonene. If we as sumethe systemic bioavailability of limonene from smok-
ing can na bisis 18%, the same as THC (Ohlsson et a. 1980), then 0.13 mg
would beab sorbed. Distrib uting thisdoseevenly inthetotal body water of a70
kgman, without metab olismor sequestration, would produceamax i mumtis
sueconcentrationof 1.3uM. Thiscon centrationisanor der of mag ni tudebe
low the I Csgconcentrationof limonene’ sinhi bi tionof AChE (Miyazawaetal .
1997). Hence, limonene mugt synergizewithother AChEinhibi torsinor derto
beeffective.

Vaporizer tech nol ogy may im prove the bioavailability of limonene and
other com pounds, whichvoal atil izearound the sametem per atureasTHC (see
Figures 1-3). Vapor izers are smok ing apparati that heat can na bisto 185°C
(365°F),whichvaporizesTHCbutisbelow theig ni tion point of com busti ble
plantmaterial. Vapor ized can nabisemitsathingray vapor, whereascombusted
cannabis produces a thick smoke. Thus, vapor iz ersdeliver abetter canna-
binoid-to-tar ratio than cig arettes or water pipes (Gieringer 1996). Inarecent
study, tracesof THC werevapor ized at tem per aturesaslow as140°C (284°F)
andthemajor ity of THC vapor ized by 185°C (365°F); ben zeneand other car-
ci nogenicvaporsdid not ap pear until 200°C (392°F), and cannabiscombus
tion oc curred around 230°C (446°F) (Gieringer 2001).

Con cern ing bioavailability, it should be men tioned that can na bis com-
pounds need not be ab sorbed systemi cally through thelungsto pro duce CNS
activity. Inhaled com poundsmay reachreceptorsintheol factory bulb, send-

ing mood-al tering messagesviaol factory nervesdi rectly tothelimbicregion
and hip pocampus. Thisroutemay beresponsi blefor somesed ativeef fectsof

terpenoidsuponinhalation (Buchbauer et al . 1993).

Thepaucity of researchconcerni n% non-THCsyner gistsincannabisisperi-
odi callycriticized(Mechoulametal 1972; McPartland and Pruitt 1999; Russo

2000). We have high lighted sev eral cannabinoids, terpenoids, and flavonoids
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that de servefur ther at tention regard ing their contri butionsto the ef fects of
clini cal cannabis. Most of thedatawe present hereisbased oninvi troex per i-
mentsor ani mal studies. Clearly the next step shouldinvolvehumanclini ca

tri alsof each con stit u ent, alone, or in com bi nation with THC, or com bined
withacock tail of cannabiscom pounds.
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