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SUMMARY. A cen tral tenet un der ly ing the use of bo tan i cal rem e dies is 
that herbs con tain many ac tive in gre di ents. Pri mary ac tive in gre di ents
may be en hanced by sec ond ary com pounds, which act in ben e fi cial syn -
ergy. Other herbal con stit u ents may mit i gate the side ef fects of dom i nant 
ac tive in gre di ents. We re viewed the lit er a ture con cern ing med i cal can -
na bis and its pri mary ac tive in gre di ent, ∆9-tetrahydrocannabinol (THC).
Good ev i dence shows that sec ond ary com pounds in can na bis may en hance
the ben e fi cial ef fects of THC. Other cannabinoid and non-cannabinoid
com pounds in herbal can na bis or its ex tracts may re duce THC-in duced
anx i ety, cholinergic def i cits, and immunosuppression. Can na bis terpenoids
and flavonoids may also in crease ce re bral blood flow, en hance cor ti cal
ac tiv ity, kill re spi ra tory patho gens, and pro vide anti-in flam ma tory ac tiv -
ity. [Ar ti cle cop ies avail able for a fee from The Haworth Doc u ment De liv ery
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INTRODUCTION

Can na bis is an herb; it con tains hun dreds of phar ma ceu ti cal com pounds
(Turner et al . 1980). Herb al ists con tend that polypharmaceutical herbs pro vide 
two ad van tages over sin gle-in gre di ent syn thetic drugs: (1) ther a peu tic ef fects
of the pri mary ac tive in gre di ents in herbs may be synergized  by other com -
pounds, and (2) side ef fects of the pri mary ac tive in gre di ents may be mit i gated
by other com pounds. Thus, can na bis has been char ac ter ized as a “syn er gis tic
shot gun,” in con trast to Marinol (∆ 9-tetrahydrocannabinol, THC), a syn -
thetic, sin gle-in gre di ent “sil ver bul let” (McPartland and Pruitt 1999).

Mechoulam et al. (1972) sug gested that other com pounds pres ent in herbal
can na bis might in flu ence THC ac tiv ity. Carlini et al. (1974) de ter mined that
can na bis ex tracts pro duced ef fects “two or four times greater than that ex -
pected from their THC con tent.” Sim i larly, Fairbairn and Pickens (1981) de -
tected the pres ence of un iden ti fied “pow er ful syn er gists” in can na bis ex tracts
caus ing 330% greater ac tiv ity in mice than THC alone.

Other com pounds in herbal can na bis may ame lio rate the side ef fects of
THC. Whole can na bis causes fewer psy cho log i cal side ef fects than syn thetic
THC, seen as symp toms of dysphoria, de per son al iza tion, anx i ety, panic re ac -
tions, and para noia (Grinspoon and Bakalar 1997). This dif fer ence in side ef -
fect pro files may also be due, in part, to dif fer ences in ad min is tra tion: THC
taken by mouth un der goes “first pass me tab o lism” in the small in tes tine and
liver, to 11-hydroxy THC; the me tab o lite is more psy cho ac tive than THC it self 
(Browne and Weissman 1981). In haled THC un der goes lit tle first-pass me tab -
o lism, so less 11-hydroxy THC is formed. Thus, “smok ing can na bis is a sat is -
fac tory ex pe di ent in com bat ing fa tigue, head ache and ex haus tion, whereas the
oral in ges tion of can na bis re sults chiefly in a nar cotic ef fect which may cause
se ri ous alarm” (Walton 1938, p. 49).

Re spi ra tory side ef fects from in hal ing can na bis smoke may be ame lio rated by
both cannabinoid and non-cannabinoid com po nents in can na bis. For in stance,
throat ir ri ta tion may be di min ished by anti-in flam ma tory agents, muta gens in
the smoke may be mit i gated by antimutagens, and bac te rial con tam i nants in
can na bis may be an nulled by an ti bi otic com pounds (McPartland and Pruitt
1997). The phar ma ceu ti cally ac tive com pounds in can na bis that en hance ben -
e fi cial THC ac tiv ity and re duce side ef fects are rel a tively un known. The pur -
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pose of this pa per is to re view the bio chem is try and phys i o log i cal ef fects of
those other com pounds.

MATERIALS AND METHODS

MEDLINE (1966-2000) was searched us ing MeSH keywords: cannabin -
oids, mar i juana, tetrahydrocannabinol. AGRICOLA (1990-1999) was searched
us ing the keywords can na bis, hemp, and mar i juana. Phytochemical and ethno -
botanical da ta bases were searched via the Ag ri cul tural Re search Ser vice
webpage <http://www.ars-grin.gov/~ngrlsb/>. All re ports were scanned for
sup port ing bib lio graphic ci ta tions; an te ced ent sources were re trieved to the
full est pos si ble ex tent. Data va lid ity was as sessed by source (peer-re viewed
ar ti cle vs. pop u lar press), iden ti fi ca tion meth od ol ogy (an a lyt i cal chem is try vs.
clin i cal his tory) and the fre quency of in de pend ent ob ser va tions.

RESULTS AND DISCUSSION

Turner et al . (1980) listed over 420 com pounds in can na bis. Sparacino et al.
(1990) listed 200 ad di tional com pounds in can na bis smoke. We will high light
six cannabinoids be yond THC, a dozen-odd terpenoids, three flavonoids, and
one phytosterol. Other non-cannabinoids with proven phar ma co log i cal ac tiv -
ity in clude poorly char ac ter ized glycoproteins, al ka loids, and com pounds that
re main com pletely un iden ti fied (Gill et al. 1970).

CANNABINOIDS

Mechoulam and Gaoni (1967) de fined “cannabinoids” as a group of C21
terpenophenolic com pounds uniquely pro duced by can na bis. The sub se quent
de vel op ment of syn thetic cannabinoids (e.g., HU-210) has blurred this def i ni -
tion, as has the dis cov ery of en dog e nous cannabinoids (e.g., anandamide), de -
fined as “endocannabinoids” by DiMarzo and Fontana (1995). Thus, Pate
(1999) pro posed the term “phytocannabinoids” to des ig nate the C2 1 com -
pounds pro duced by can na bis. Phytocannabinoids ex hibit very low mam ma -
lian tox ic ity, and mix tures of cannabinoids are less toxic  than pure THC
(Thomp son et al. 1973).

Cannabidiol  (CBD) is the next-best stud ied phytocannabinoid af ter THC
(Fig ure 1). The in ves ti ga tion of CBD by mar i juana re search ers is rather par a -
dox i cal, con sid er ing its con cen tra tions are no ta bly lower in drug va ri et ies of
can na bis than in fi ber cultivars (Turner et al. 1980).
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CBD pos sesses sed a tive prop er ties (Carlini and Cunha, 1981), and a clin i -
cal trial showed that it re duces the anx i ety and other un pleas ant psy cho log i cal
side ef fects pro voked by pure THC (Zuardi et al. 1982). CBD mod u lates the
pharmacokinetics of THC by three mech a nisms: (1) it has a slight af fin ity for
cannabinoid re cep tors (Ki at CB1 = 4350 nM, com pared to THC = 41 nM,
Showalter et al. 1996), and it sig nals re cep tors as an an tag o nist or re verse ag o -
nist (Petitet et al. 1998), (2) CBD may mod u late sig nal transduction by per -
turb ing the flu id ity of neuronal mem branes, or by re mod el ing G-pro teins that
carry intracellular sig nals down stream from cannabinoid re cep tors, and (3) CBD 
is a po tent in hib i tor of cytochrome P450 3A11 me tab o lism, thus it blocks the
hydroxylation of THC to its 11-hydroxy me tab o lite (Bornheim et al. 1995).
The 11-hydroxy me tab o lite is four times more psy cho ac tive than unmetabo -
lized THC (Browne and Weissman 1981), and four times more immuno -
suppressive (Klein et al. 1987).

CBD pro vides antipsychotic ben e fits (Zuardi et al. 1995). It in creases do pa -
mine ac tiv ity, serves as a se ro to nin up take in hib i tor, and en hances norepin -
ephrine ac tiv ity (Banerjee et al. 1975; Poddar and Dewey 1980). CBD pro tects 
neu rons from glu ta mate tox ic ity and serves as an an ti ox i dant, more po tently
than ascorbate and α -tocopherol (Hampson et al. 1998). Aus pi ciously, CBD
does not de crease ace tyl cho line (ACh) ac tiv ity in the brain (Dom ino 1976;
Cheney et al . 1981). THC, in con trast, re duces hippocampal ACh re lease in
rats (Carta et al. 1998), and this cor re lates with loss of short-term mem ory con -
sol i da tion. In the hip po cam pus THC also in hib its N-methyl-D-aspartate (NMDA)
re cep tor ac tiv ity (Misner and Sullivan 1999; Shen and Thayer 1999), and
NMDA syn ap tic trans mis sion is cru cial for mem ory con sol i da tion (Shimizu et 
al. 2000). CBD, un like THC, does not dampen the fir ing of hippocampal cells
(Heyser et al . 1993) and does not dis rupt learn ing (Brodkin and Moersch -
baecher 1997).

Consroe (1998) pre sented an ex cel lent re view of CBD in neu ro log i cal dis -
or ders. In some stud ies, it ame lio rates symp toms of Hun ting ton’s dis ease, such 
as dystonia and dyskinesia. CBD mit i gates other dystonic con di tions, such as
torticollis, in rat stud ies and un con trolled hu man stud ies. CBD func tions as an
anticonvulsant in rats, on a par with phenytoin (Dilantin, a stan dard anti -
epileptic drug).

CBD dem on strated a syn er gis tic ben e fit in the re duc tion of in tes ti nal mo til -
ity in mice pro duced by THC (An der son, Jack son, and Chesher 1974). This
may be an im por tant com po nent of ob served ben e fits of can na bis in in flam ma -
tory bowel dis eases.

The CBD in can na bis smoke may ex plain why in hal ing it causes less air way 
ir ri ta tion and in flam ma tion than in ha la tion of pure THC (Tashkin et al. 1977).
CBD im parts an al ge sia (more po tently than THC), it in hib its er y thema (much
more than THC), it blocks cyclooxygenase (COX) ac tiv ity with a greater max -
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i mum in hi bi tion than THC, and it blocks lipoxygenase (the en zyme that pro -
duces asthma-pro vok ing leukotrienes), again more ef fec tively than THC (Ev ans
1991). Mice with in flam ma tory col la gen-in duced ar thri tis (a mouse model for
rheu ma toid ar thri tis) were given oral CBD (5 mg/kg per day) and showed clin -
i cal im prove ment, and the treat ment ef fec tively blocked pro gres sion of the ar -
thri tis (Malfait et al. 2000).

CBD re port edly has lit tle or no ef fect on the im mune sys tem (re viewed by
Klein et al. 1998), al though the mouse ar thri tis study by Malfait et al. (2000)
showed CBD de creases the pro duc tion of tu mor ne cro sis fac tor (TNF) and In -
ter feron-gamma (IFN-γ), which are two immunomodulatory cytokines de -
scribed later. CBD ac tu ally kills bac te ria and fungi, with greater po tency than
THC (Klingeren and Ham 1976; ElSohly et al. 1982; McPartland 1984). Thus,
can na bis may have less mi cro bial con tam i na tion than other herbs, an im por -
tant con sid er ation for immunocompromised in di vid u als (McPartland and Pruitt
1997).

Cannabinol (CBN) is the deg ra da tion prod uct of THC (Turner et al. 1980),
and is found most of ten in aged can na bis prod ucts (Fig ure 1). CBN po ten ti ates
the ef fects of THC in man (Musty et al. 1976), yet it an tag o nizes the ef fects of
THC in mice (Formukong et al. 1988). Studies re port ing CBN’s ef fects upon
norepin ephrine and do pa mine also con flict–CBN may have neg li gi ble ef fects
on these biogenic amines (Banerjee et al. 1975), en hance their re lease (Poddar
and Dewey 1980), or de crease their re lease (Dalterio et al. 1985). CBN in -
creases plasma con cen tra tions of fol li cle-stim u lat ing hor mone, and en hances
the pro duc tion of testicular tes tos ter one (Dalterio et al. 1985). CBN shares
some char ac ter is tics with CBD; for ex am ple, it has anti-convulsant ac tiv ity
(Turner et al. 1980) and anti-in flam ma tory ac tiv ity (Ev ans et al . 1991).

CBN has af fin ity for CB 1 re cep tors (Ki at CB1 = 308 nM) and sig nals as an
ag o nist (Showalter et al. 1996). Fur ther down the sig nal transduction cas cade,
it stim u lates the bind ing of GTP-γ-S (Petitet et al . 1998), but with half the ef fi -
cacy of THC; when CBN is added to THC, the ef fects are not sig nif i cantly ad -
di tive. CBN has a three-fold greater af fin ity for CB 2 re cep tors (Ki = 96 nM)
(Showalter et al. 1996), thus it may af fect cells of the im mune sys tem more
than the cen tral ner vous sys tem (Klein et al. 1998). CBN mod u lates thymocytes
(Her ring and Kaminski 1999) by at ten u at ing the ac tiv ity of the c-AMP re -
sponse el e ment-bind ing pro tein (CREB), nu clear fac tor κB (NF-κB), and
interleukin-2 (IL-2). IL-2 is reg u lated by ac ti va tor pro tein-1 (AP-1) tran scrip -
tion fac tor, a com plex of c-Fos and c-Jun pro teins (Foletta et al. 1998); CBN
in hib its the ex pres sion of these pro teins in splenocytes, via de creased ac ti va -
tion of ERK MAP kin ases (Faubert and Kaminski 2000).

Cannabichromene (CBC) is the fourth ma jor cannabinoid, found pre dom i -
nantly in trop i cal Can na bis spp. strains (Fig ure 1). Un til the mid-1970s, CBC
was fre quently mis iden ti fied as CBD, be cause CBC and CBD have nearly the
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same re ten tion times in gas chro ma tog ra phy. Like CBD, CBC de creases in -
flam ma tion (Wirth et al. 1980) and pro vides an al ge sic ef  fects (Da vis and
Hatoum 1983). CBC in hib its pros ta glan din syn the sis in vi tro , but less po tently
than CBD or THC (Burstein et al. 1973). CBC ex hib its strong an ti bac te rial ac -
tiv ity and mild antifungal ac tiv ity, su pe rior to THC and CBD in most in stances 
(ElSohly et al . 1982). Un like CBD, CBC has no ef fect on cytochrome P450 en -
zymes (Kapeghian et al. 1983), nor does it func tion as an anticonvulsant in rats
(Da vis and Hatoum 1983).

The mo lec u lar af fin ity of CBC for cannabinoid re cep tors has not been mea -
sured. In mice, CBC causes hy po ther mia, se da tion, and synergizes the de pres -
sant ef fects of hexobarbital (Hatoum et al. 1981). CBC also se dates dogs and
de creases mus cu lar co or di na tion in rats, but causes no cannabimimetic ac tiv -
ity in mon keys and peo ple (Turner et al. 1980). In rats, the co-ad min is tra tion of 
CBC with THC po ten ti ates THC changes in heart rate, but does not po ten ti ate
THC’s hypotensive ef fects (O’Neil et al. 1979). Co-ad min is tra tion of CBC
low ers the LD50 dose of THC in mice (Hatoum et al . 1981).

Cannabigerol  (CBG) is the biosynthetic pre cur sor of CBC, CBD, and THC,
and is pres ent only in mi nor amounts (Fig ure 1). CBG has been called “in ac -
tive” when com pared to THC, but CBG has slight af fin ity for CB1 re cep tors,
ap prox i mately the same as CBD (Devane et al. 1988). In rat brains, CBG in -
hib its the up take of se ro to nin and norepinephrine, less ef fec tively than CBD
and THC, but CBG in hib its GABA up take more ef fec tively than CBD and THC
(Banerjee et al. 1975). CBG acts as an an al ge sic (more po tently than THC), it
in hib its er y thema (much more than THC), and it blocks lipoxygenase, again
more ef fec tively than THC (re viewed by Ev ans 1991).

CBG has an ti bac te rial prop er ties (Mechoulam and Gaoni 1965). Its ac tiv ity
against gram-pos i tive bac te ria, my co bac te ria, and fungi is su pe rior to that of
THC, CBD, and CBC (ElSohly et al. 1982). CBG in hib its the growth of hu man 
oral epitheloid car ci noma cells (Baek et al. 1998).

Delta-8-THC (∆ 8-THC) is an iso mer of delta-9-THC; it dif fers only by the
lo ca tion of the dou ble bond in the cyclohexal “C” ring. The Ki of ∆8-THC is
126 nM (Compton et al . 1993), and this loosely cor re lates with hu man stud ies,
which show ∆8-THC is less psy cho ac tive than ∆9-THC (Hollister 1974). The
chem i cal sta bil ity of ∆8 -THC and its rel a tive ease of syn the sis com pared to
∆ 9-THC, have made ∆8-THC the tem plate for the de vel op ment of two im por -
tant syn thetic de riv a tives, the ex tremely po tent psy cho ac tive CB1 ag o nist,
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). ∆ 8-THC was em ployed clin i -
cally in an im por tant study (Abrahamov and Mechoulam 1995) in which 8
chil dren with he ma to log i cal ma lig nan cies were treated with the drug over the
course of 8 months at a dose of 18 mg/m2 to treat che mo ther apy-as so ci ated
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nau sea and vom it ing. In ter est ingly, not only was this agent uni formly ef fec tive 
as an antiemetic, but it was also free of psy cho ac tive ef fects in this age range
(2-13 years).

Tetrahydrocannabivarin  (THCV) is a propyl an a logue of ∆9 -THC, pri mar -
ily ap pear ing in in dica and afghanica  va ri et ies of can na bis, such as hash ish
from Ne pal (Merkus 1971), dagga from South Af rica (Boucher et al. 1977),
and in plants cul ti vated from seeds from Zam bia (Pitts et al. 1992) (Fig ure 1).
THCV is only 20-25% as psy cho ac tive as ∆9-THC (Hollister 1974). It has a
quicker on set of ac tion than ∆ 9-THC (Gill et al. 1970), and is of briefer du ra -
tion (Clarke 1998). THCV may be clin i cally ef fec tive in mi graine treat ment
(Per sonal com mu ni ca tion, HortaPharm, No vem ber 2000). Kubena and Barry
(1972) sug gested THCV synergizes the ef fects of THC, but did not hy poth e -
size a mech a nism. As a le gal fine point, this an a logue is not con trolled in the
Neth er lands, and is not spec i fied in the USA as a Sched ule I drug, but would
likely be con sid ered il le gal un der the Con trolled Sub stance An a logue En force -
ment Act of 1986 (Pub lic Law 99-570). THCV is of in ter est from a med i cal-le -
gal stand point in that is has been sug gested as a bio chem i cal marker of il licit
can na bis use, since it is not a me tab o lite of Marinol  (syn thetic THC) (ElSohly
et al . 1999).

TERPENOIDS

The unique smell of can na bis does not arise from cannabinoids, but from
over 100 terpenoid com pounds (Turner et al. 1980). Terpenoids de rive from
re peat ing units of isoprene (C5H8 ), such as monoterpenoids (with C10 skel e -
tons), sesquiterpenoids (C1 5), diterpenoids (C2 0), and triterpenoids (C30). The
fi nal struc ture of terpenoids ranges from sim ple lin ear chains to com plex
polycyclic mol e cules, and they may in clude al co hol, ether, al de hyde, ketone,
or es ter func tional groups. These com pounds are eas ily ex tracted from plant
ma te rial by steam dis til la tion or va por iza tion. This dis til late is called the es -
sen tial oil or vol a tile oil of the plant. A range of re search ers cite dif fer ent
yields of es sen tial oil from dif fer ent types of can na bis: Mar tin et al. (1961)
cited yields of 0.05-0.11% es sen tial oil from fresh, green leaves and flow ers of
mixed male and fe male plants, from fe ral hemp grow ing in Can ada. Nigram et
al. (1965) yielded 0.1% es sen tial oil from fresh, whole, male plants from Kash -
mir. Malingré et al. (1973) yielded 0.12% es sen tial oil from fresh leaves of
“strain X” ob tained from bird seed in the Neth er lands. Ross and ElSohly
(1996) yielded 0.29% es sen tial oil from fresh mar i juana buds, re puted to be the 
Afghani va ri ety “Skunk #1.” Drying the plant ma te rial led to a loss of wa ter
con tent and net weight, con cen trat ing the es sen tial oil to 0.80% in buds that
had been dried at room tem per a ture for one week (Ross and ElSohly 1966).
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Field-cul ti vated can na bis yields about 1.3 li ter of es sen tial oil per met ric ton 
of freshly har vested plant ma te rial (Mediavilla and Steinemann 1997). Pre -
venting pol li na tion in creases the yield of es sen tial oil–18 l/ha in sinsemilla
crops, ver sus 8 l/ha in pol li nated crops (Meier and Mediavilla 1998). The com -
po si tion of terpenoids var ies be tween strains of can na bis (Mediavilla and
Steinemann 1997), and var ies be tween har vest dates (Meier and Mediavilla
1998).

Many terpenoids va por ize near the same tem per a ture as THC, which boils
at 157°C (see Fig ures 1-2). Terpenoids are lipophilic and per me ate lipid mem -
branes. Many cross the blood-brain bar rier (BBB) af ter in ha la tion (Buchbauer
et al . 1993; Nasel et al. 1994).

Meschler and Howlett (1999) dis cussed sev eral mech a nisms by which
terpenoids mod u late THC ac tiv ity. For in stance, terpenoids may bind to
cannabinoid re cep tors. Thujone, from Ar te mi sia absinthium, has a weak af fin -
ity for CB1 re cep tors (Ki at CB1  = 130,000 nM). Terpenoids might mod u late
the af fin ity of THC for its own re cep tor, by se ques ter ing THC, by per turb ing
an nu lar lipids sur round ing the re cep tor, or by in creas ing the flu id ity of neuronal
mem branes. Fur ther down stream, terpenoids may al ter the sig nal cas cade by
re mod el ing G-pro teins. Terpenoids may al ter the pharmacokinetics of THC by 
chang ing the BBB; can na bis ex tracts are known to cause a sig nif i cant in crease
in BBB per me abil ity (Agrawal et al. 1989). Terpenoids may also act on other
re cep tors and neurotransmitters. Some terpenoids act as se ro to nin up take in -
hib i tors (as does Prozac), en hance norepinephrine ac tiv ity (as do tricyclic
 antidepressants), in crease do pa mine ac tiv ity (as do monoamine oxidase in hib -
i tors and bupropion), and aug ment GABA (as do baclofen and the benzodiaz -
epines). Re cently, strong se ro to nin ac tiv ity at the 5-HT1A and 5-HT2a re cep tors
has been dem on strated (Russo et al. 2000; Russo 2001) that may sup port syn -
er gis tic con tri bu tions of terpenoids on can na bis-me di ated pain and mood ef -
fects. Fur ther stud ies are in prog ress to iden tify the most ac tive terpenoid
com po nents re spon si ble, and whether syn er gism of the com po nents is de mon -
stra ble.

The es sen tial oil of can na bis is tra di tion ally em ployed as an anti-in flam ma -
tory in the re spi ra tory and di ges tive tracts with out known con tra in di ca tions at
phys i o log i cal dos ages (Franchomme and Pénoël 1990). The es sen tial oil of
black pep per, Piper nigrum, has a com po si tion of terpenes that is qual i ta tively
quite sim i lar to that of can na bis (Law less 1995). It has of ten been claimed
anecdotally, that smoked can na bis may sub sti tute for nic o tine in at tempts at
smok ing ces sa tion. Aside from cannabinoid in flu ences, cur rent ev i dence sup -
ports this con ten tion based on terpene con tent and its ac tiv ity. A re cent study
has shown that in ha la tion of black pep per es sen tial oil va por sig nif i cantly re -
duced with drawal symp toms and anx i ety in to bacco smok ers (Rose and Behm
1994). In ter est ingly, the au thors pos ited not a cen tral bio chem i cal mech a nism,
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FIGURE 1. Phytocannabinoids

Struc ture* Con cen tra tion†

(% dry weight)
Boiling
Point °C§

Prop erties

∆ -9-tetrahydrocannabinol (THC) 0.1-25%  157 Euphoriant
An al ge sic
Antiin flam ma tory
An ti ox i dant
Antiemetic

cannabidiol (CBD) 0.1-2.89% 160-180 Anxio lyt ic
An al ge sic
Antipsychotic
Antiin flam ma tory
An ti ox i dant
Antispasmodic

cannabinol (CBN) 0.0-1.6%  185 Ox i da tion
break down
prod uct
Sed a tive
An ti bi otic

cannabichromene (CBC) 0.0-0.65%  220 Antiin flam ma tory
An ti bi otic
Antifungal

cannabigerol (CBG) 0.03-1.15% MP
52

Antiin flam ma tory
An ti bi otic
Antifungal
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but rather a pe riph eral one as sum ing phys i cal cues of bron chial sen sa tion as
op er a tive in the or i gin of the ben e fit. The true scope of the es sen tial oil ben e fits 
in this con text may be quite a bit broader.

Pate (1994), McPartland (1997), and McPartland, Clarke and Wat son
(2000), have re viewed the pes ti ci dal prop er ties of can na bis at trib ut able to its
terpenoid con tent. The es sen tial oil of Eugenia dysenterica was re cently dem -
on strated to have sig nif i cant in hib i tory ef fects on Cryptococcus neoformans
strains iso lated from HIV pa tients with cryptococcal men in gi tis (Costa et al.
2000). Key com po nents of that oil were com mon to can na bis: β-caryo -
phyllene, α-humulene, α-terpineol, and limonene.

Ad di tionally, monoterpenes such as those abun dant in can na bis resin have
been sug gested to: (1) in hibit cho les terol syn the sis, (2) pro mote hepatic en -
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FIGURE 1 (con tin ued)

Struc ture* Con cen tra tion†

(% dry weight)
Boiling
Point °C§

Prop erties

∆ -8-tetrahydrocannabinol (∆-8-THC)  0.0-0.1% 175-178 Re sem bles
∆-9-THC
Less psy cho ac tive
More sta ble
Antiemetic

tetrahydrocannabivarin (THCV) 0.0-1.36% < 220 An al ge sic
Euphoriant

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

†Con cen tra tions of con stit u ents (v/w or w/w) were cal cu lated from var i ous sources. Cannabinoid con cen tra tions
(pre sented as a range, in clud ing cannabinoids and cannabinoidic ac ids) were pri mar ily ob tained from Small, 1979;
Veszki et al., 1980; Fournier et al., 1987; and Pitts et al., 1992. Terpenoid data (pre sented as max i mum val ues)
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.

§Boiling/melt ing points (MP) re corded at at mo spheric pres sure (760 mmHg) un less otherise noted ; val ues ob tained 
from var i ous sources, pri mar ily Buckingham, 1992; Guenther, 1948; Parry, 1918; and Mechoulam (per sonal com -
mu ni ca tion, April 2001).

O

CH
3

CH3

OH

H3C

O

OH



John M. McPartland and Ethan B. Russo 113

FIGURE 2. Terpenoid es sen tial oil com po nents of can na bis.

Can na bis Con stit u ent Struc ture* Con cen tra tion† Boiling
Point °C§

Prop erties

β-myrcene 0.47% 166-168 An al ge sic
Antiin flam ma tory
An ti bi otic
Antimutagenic

β-caryophyllene 0.05% 119 Antiin flam ma tory
Cytoprotective
(gas tric mu cosa)
Antimalarial

d-limonene 0.14% 177 Cannabinoid ag o nist?
Im mune potentiator
An ti de pres sant
Antimutagenic

linalool 0.002% 198 Sed a tive
An ti de pres sant
Anxio lyt ic
Im mune potentiator

pulegone 0.001% 224 Mem ory booster?
AChE in hib i tor
Sed a tive
Antipyretic

1,8-cineole (eucalyptol) > 0.001%  176 AChE in hib i tor
In creases ce re bral
blood flow
Stim u lant
An ti bi otic
An ti vi ral
Antiin flam ma tory
Antinociceptive

α -pinene 0.04%  156 Antiin flam ma tory
Bronchodilator
Stim u lant
An ti bi otic
Antineoplastic
AChE in hib i tor
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zyme ac tiv ity to de tox ify car cin o gens, (3) stim u late apoptosis in cells with
dam aged DNA, and (4) in hibit pro tein isoprenylation im pli cated in ma lig nant
de te ri o ra tion (Jones 1999).

Myrcene , spe cif i cally β-myrcene, a noncyclic monoterpene, is the most
abun dant terpenoid pro duced by can na bis (Ross and ElSohly 1996; Mediavilla 
and Steinemann 1997). It also oc curs in high con cen tra tions in hops (Humulus
lupulus) and lemongrass (Cymbopogon citratus). Myrcene is a po tent an al ge -
sic, act ing at cen tral sites that are an tag o nized by naloxone (Rao et al. 1990).
Myrcene also works via a pe riph eral mech a nism shared by CBD, CBG, and
CBC–by block ing the in flam ma tory ac tiv ity of pros ta glan din E2 (Lorenzetti et
al. 1991). This ac tiv ity is ex pressed by other terpenoids in can na bis smoke,
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FIGURE 2 (con tin ued)

Can na bis Con stit u ent Struc ture* Con cen tra tion† Boiling
Point °C§

Prop erties

α -terpineol 0.02% 217-218 Sed a tive
An ti bi otic
AChE in hib i tor
An ti ox i dant
Antimalarial

terpineol-4-ol 0.0004% 209 AChE in hib i tor
An ti bi otic

p-cy mene 0.0004% 177 An ti bi otic
Anticandidal
AChE in hib i tor

borneol 0.008% 210 An ti bi otic

∆ -3-carene 0.004% 168 Antiin flam ma tory

OH

OH

OH



such as carvacrol, which is more po tent than THC or CBG (Burstein et al.
1975). The ac tiv ity of many terpenoids may be cu mu la tive: unfractionated
can na bis es sen tial oil ex hib its greater antiinflammatory ac tiv ity than its in di -
vid ual con stit u ents, sug gest ing syn ergy (Ev ans et al . 1987).

Myrcene also synergizes the an ti bi otic po tency of other es sen tial oil com -
po nents, against Staph y lo coc cus aureus, Ba cil lus subtilis, Pseu do mo nas aeru -
ginosa, and a spe cific strain of Esch e richia coli (Onawunmi et al. 1984).
Myrcene in hib its cytochrome P450 2B1, an en zyme im pli cated in the met a -
bolic ac ti va tion of promutagens (De Oliveira et al. 1997). Af la toxin B1  is a
promutagen pro duced by Aspergillus flavus and Aspergillus parasiticus, two
fun gal con tam i nants of moldy mar i juana (re viewed by McPartland and Pruitt
1997). Af ter af la toxin B1 is me tab o lized by P450 2B1, it be comes ex tremely
hepatocarcinogenic. Myrcene blocks this me tab o lism, as do other terpenoids
in can na bis, in clud ing limonene, α-pinene, α-ter pi nene, and cit ron el lal (De
Oliveira et al. 1997).

β -Caryophyllene is the most com mon sesquiterpenoid in can na bis (Mediavilla
and Steinemann 1997). It is the main com po nent of copaiba bal sam, from
Copaifera spp. (Law less 1995), which is a pop u lar oral and top i cal anti-in -
flam ma tory agent in Brazil (Basile et al. 1988). The lat ter au thors were able to
dem on strate anti-in flam ma tory ef fects of the oleoresin in rats com pa ra ble to
phenylbutazone, in re duc tion of granuloma for ma tion. A de creased vas cu lar
per me abil ity to in jected his ta mine was also ob served.

A gas tric cytoprotective ef fect of β-caryophyllene was dem on strated in rats
against chal lenge with ab so lute eth a nol and hy dro chlo ric acid (Tambe et al.
1996). This ben e fit was noted with out in flu ence on gas tric acid or pep sin se -
cre tion. The au thors sug gested this agent as clin i cally safe, and po ten tially use -
ful. Camp bell et al. (1997) have dem on strated a mod er ate antimalarial ef fect
against two strains of Plasmodium falciparum  by an es sen tial oil rich in
β-caryophyllene and α -terpineol.

Limonene  is a monocyclic monoterpenoid and a ma jor con stit u ent of cit rus
rinds (Tisserand and Balacs 1995). It finds ex ten sive use as a sol vent and in the 
per fum ery and fla vor in dus tries. Be cause of limonene’s wide spread oc cur -
rence and ap pli ca tion, its bi o log i cal ac tiv ity is well known. Limonene is highly 
ab sorbed by in ha la tion and quickly ap pears in the blood stream (Falk-Flilips -
son et al. 1993). Ac cord ing to Ross and ElSohly (1996), limonene is the sec ond 
most com mon terpenoid in an un iden ti fied cultivar of can na bis.

Limonene may have a low-af fin ity in ter ac tion with cannabinoid re cep tors
(Meschler and Howlett 1999). Studies of long-term in ha la tion of lemon fra -
grance (pre dom i nately limonene) have dem on strated in hi bi tion of thymic in -
vo lu tion in stress-in duced immunosuppression in mice (Ortiz de Urbina et al.
1989).
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Limonene was the pri mary com po nent of the es sen tial oil mix ture em -
ployed by Komori et al. (1995), in their clin i cal study of im mune func tion and
de pres sive states in hu mans. The key re sult of this ex per i ment was the abil ity
to mark edly re duce the dos age of, or even elim i nate the need for, syn thetic an -
ti de pres sant drugs.

As men tioned in the myrcene sec tion, limonene pro tects against af la toxin
B1-in duced can cer by in hib it ing the hepatic me tab o lism of the promutagen to
its ac tive form. Limonene also blocks this pro cess at two ear lier steps by in hib it -
ing the growth of Aspergillus fungi and in hib it ing their pro duc tion of aflatoxins
(Greene-McDowelle et al. 1999). Limonene and other terpenoids sup press the
growth of many spe cies of fungi and bac te ria, dem on strated in hun dreds of
pub lished stud ies (re viewed by McPartland 1997).

Limonene blocks the carcinogenesis in duced by benz[α]anthracene (Crowell
1999), a com po nent of the “tar” gen er ated by the com bus tion of herbal can na -
bis. Thus, this terpenoid may re duce the harm caused by in hal ing can na bis
smoke. Limonene blocks carcinogenesis by mul ti ple mech a nisms. It de tox i -
fies car cin o gens by in duc ing Phase II car cin o gen-me tab o liz ing en zymes (Crowell 
1999). It se lec tively in hib its the isoprenylation of Ras pro teins, thus block ing
the ac tion of mu tant ras  onco genes (Hardcastle et al. 1999). It in duces re -
differentiation of can cer cells (by en hanc ing ex pres sion of trans form ing growth
fac tor β1 and growth fac tor II re cep tors), and it in duces apoptosis of can cer
cells (Crowell 1999). Orally ad min is tered limonene is cur rently un der go ing
Phase II clin i cal tri als in the treat ment of breast can cer (Vigushin et al. 1998);
it also pro tects against lung, liver, co lon, pan creas, and skin can cers (Vigushin
et al . 1998; Crowell 1999; Setzer et al. 1999).

Linalool  is a noncyclic monoterpenoid, com monly ex tracted from lav en der
(Lavandula  spp.), rose (Rosa spp.), and neroli oil (from Cit rus aurantium). It
usu ally con sti tutes 5% or less of can na bis es sen tial oil (Ross and ElSohly
1996). Linalool nev er the less ex hib its strong bi o log i cal ac tiv ity. Buchbauer et
al. (1993) as sayed the sed a tive ef fects of over 40 terpenoids upon in ha la tion
by mice; linalool was the most pow er ful, re duc ing mouse mo til ity 73% af ter 1
hour of in ha la tion. The study dem on strated that other terpenoids found in can -
na bis, such as citronellol and α-terpineol, are also deeply se dat ing upon in ha -
la tion, even in low con cen tra tions. Fur ther more, com bi na tions of these terpenoids
(e.g., neroli oil) are syn er gis tic in their sed a tive ef fects. These terpenoids may
mit i gate the anx i ety pro voked by pure THC. In ha la tion of such terpenoids also
pro vides an ti de pres sant ef fects (Komori et al. 1995).

Re ducing anx i ety and de pres sion will im prove im mune func tion via the
neuroendocrine sys tem, by damp ing down the hy po tha lamic-pi tu itary-ad re nal 
(HPA) axis. Hence, in ha la tion of terpenoids re duces the se cre tion of HPA
stress hor mones (e.g., corticosterone), and nor mal izes CD4-CD8 ra tios (Komori
et al . 1995). By a sim i lar mech a nism, terpenoids in Ginkgo biloba in hibit
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corticosterone se cre tion by at ten u at ing corticotropin-re leas ing fac tor (CRF)
ex pres sion (Marcihac et al. 1998). CRF not only in duces corticosterone se cre -
tion via the HPA axis, it is also as so ci ated with anx i ety. Rodríguez de Fonseca
et al. (1996) showed that the psy cho ac tive cannabinoid HU-210 caused a re -
lease of CRF. Thus, the terpenoids act syn er gis ti cally with non-psy cho ac tive
CBD, which may de crease CRF by in hib it ing IFN-γ (Malfait et al. 2000).

Pulegone , a monocyclic monoterpenoid, is a mi nor con stit u ent of can na bis
(Turner et al. 1980). Higher con cen tra tions of pulegone are found in rose mary
(Rosmarinus officinalis), “the herb of re mem brance.” Pulegone may al le vi ate
a ma jor side ef fect of THC–loss of short-term mem ory con sol i da tion. THC
causes ace tyl cho line (ACh) def i cits in the hip po cam pus. Hippocampal ACh
def i cits are also seen in peo ple with Alz hei mer’s dis ease. Alz hei mer’s pa tients
can be treated with tacrine (Cognex), a drug that in creases ACh ac tiv ity by
in hib it ing acetylcholinesterase (AChE). In deed, tacrine has blocked THC-in -
duced mem ory loss be hav ior in rats. Pulegone ex hib its the same ac tiv ity as
tacrine, that of AChE in hi bi tion (Miyazawa et al. 1997). Other terpenoids in
can na bis also pro vide AChE in hi bi tion, in clud ing limonene, limonene ox ide,
α -ter pi nene, γ-ter pi nene, terpinen-4-ol, carvacrol, l-and d-carvone, 1,8-cineole,
p-cy mene, fenchone, and pulegone-1,2-epoxide (Perry et al. 1996; McPartland 
and Pruitt 1999). The ben e fi cial ef fects of AChE in hib i tors, how ever, are de -
creased in in di vid u als car ry ing the E4 sub type of the apolipoprotein E gene,
ApoE E4 (Poirier et al. 1995). Pulegone has also dem on strated sig nif i cant sed -
a tive and antipyretic prop er ties in a study in rats (Ortiz de Urbina et al. 1989).

1,8-Cineole , a bicyclic monoterpenoid, is a mi nor con stit u ent of can na bis
and the ma jor ar o matic found in Eu ca lyp tus spe cies. Studies show the in ha la -
tion of 1,8-cineole in creases ce re bral blood flow and en hances cor ti cal ac tiv ity 
(Nasel et al. 1994). Brain func tion is en hanced by ad min is ter ing terpenoids
that im prove ce re bral blood flow, much as the ginkgolides in Ginkgo biloba
(Russo 2000). Sim i larly, ce re bral blood flow in creases af ter in hal ing can na bis
smoke, and this in crease is not re lated to plasma lev els of THC (Mathew and
Wil son 1993).

A stimulatory ef fect on rat lo co mo tion was dem on strated em ploy ing a
1,8-cineole-rich es sen tial oil of rose mary with a terpene pro file sim i lar to that
of can na bis (Kovar et al. 1987). Blood lev els cor re lated with the de gree of
stim u la tion ob served. Antinociceptive and anti-in flam ma tory ef fects of 1,8-
 cineole were dem on strated at high doses in rats, us ing carrageenan rat paw and
cot ton pel let-in duced granuloma mod els (Santos and Rao 2000). An an al ge sic
ef fect of an es sen tial oil was dem on strated in an other an i mal study, and cor re -
lated with the 1,8-cineole con cen tra tion (Aydin et al. 1999).

1,8-Cineole dem on strated an ti bac te rial ac tiv ity against Ba cil lus subtilis ,
and antifungal prop er ties against Trichophyton mentagrophytes, Cryptococcus
neoformans, and Candida albicans (Hammerschmidt et al. 1993). In sub se -
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quent as says, this es sen tial oil com po nent was cidal against Candida albicans
and Esch e richia coli, and bacteriostatic against Staph y lo coc cus aureus (Car -
son and Riley 1995). In a rat study, 1,8-cineole pre vented the sex ual trans mis -
sion of Her pes sim plex vi rus type 2 (HSV-2). HSV-2 is a fre quently comorbid
con di tion with HIV, and its pre ven tion has been sug gested as one method of
low er ing HIV trans mis sion risks (Gwanzura et al. 1998).

Perry et al. (2000) dem on strated that 1,8-cineole was an in hib i tor of hu man
eryth ro cyte acetylcholinesterase, but that an es sen tial oil of Sal via lavan -
dulaefolia con tain ing 1,8-cineole and other terpenoids pro duced a syn er gis tic
in hi bi tion of acetylcholinesterase that sug gested util ity in the clin i cal treat -
ment of Alz hei mer’s dis ease. A sim i lar mech a nism may op er ate in can na bis
es sen tial oil with the same com po nents.

α -Pinene, a bicyclic monoterpenoid, was ef fec tive in pre ven tion of acute
in flam ma tion in a carrageenan-in duced plan tar edema model (Gil et al. 1989).
A pharmacokinetics study of in haled α -pinene in hu mans dem on strated 60%
up take, and a rel a tive bronchodilation ef fect (Falk et al . 1990). Af ter 1 hour of
in ha la tion, α-pinene pro duced a 13.8% in crease in mouse mo til ity mea sures
(Buchbauer et al. 1993). α-Pinene has in hib ited acetylcholinesterase in a va ri -
ety of as says (Perry et al. 1996; McPartland and Pruitt 1999), sug gest ing util ity
in the clin i cal treat ment of Alz hei mer’s dis ease. The an ti bi otic prop er ties of
α-pinene, α -terpineol, and terpinen-4-ol have been dem on strated against
Staph y lo coc cus aureus, S. epidermidis  and Propionibacterium acnes (Raman
et al . 1995). α -Pinene and its iso mer β-pinene were both cytotoxic in vi tro
against Hep-G2 (hu man hepatocellular car ci noma) and Sk-Mel-28 (hu man
mel a noma) tu mor cell lines (Setzer et al. 1999).

α -Terpineol, terpinen-4-ol, and 4-terpineol are three closely re lated mono -
terpenoids. In ha la tion of α-terpineol re duced mouse mo til ity 45% (Buchbauer
et al . 1993). Burits and Bucar (2000) dem on strated that 4-terpineol ex hib its
“re spect able” rad i cal scav eng ing and an ti ox i dant prop er ties. Terpinen-4-ol,
α-terpineol, and α-pinene dem on strated dose-de pend ent an ti bi otic prop er ties
against Staph y lo coc cus aureus, S. epidermidis  and Propionibacterium acnes
(Raman et al. 1995). Sim i lar stud ies have dem on strated antimicrobial ac tiv ity
against a wide range of patho genic or gan isms, ex clud ing Pseu do mo nas (Car -
son and Riley 1995). Camp bell et al. (1997) have dem on strated a mod er ate
antimalarial ef fect against two strains of Plasmodium falciparum  by an es sen -
tial oil with ma jor α-terpineol and α-caryophyllene com po nents.

Cy mene, or p-cy mene, a monoterpenoid, is ac tive against Bacterioides
fragilis, Candida albicans, and Clostridium perfringens (Car son and Riley
1995).
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Borneol , a bicyclic monoterpenoid, was tested in wal nut oil as an ex ter nal
treat ment for pu ru lent otitis me dia (Liu 1990), where it proved to be 98% ef -
fec tive (P < 0.001), to a greater de gree than neomycin, and with out tox ic ity.

∆3-Carene, a bicyclic monoterpenoid, was ef fec tive in pre ven tion of acute 
in flam ma tion in a carrageenan-in duced plan tar edema model (Gil et al.
1989).

FLAVONOIDS

Flavonoids are ar o matic, polycyclic phe nols. Can na bis pro duces about 20
of these com pounds, as free flavonoids and con ju gated glycosides (Turner et
al. 1980). Paris et al. (1976) es ti mated that can na bis leaves con sist of 1%
flavonoids. Some flavonoids are vol a tile, lipophilic, per me ate mem branes,
and ap par ently re tain phar ma co log i cal ac tiv ity in can na bis smoke (Sauer et al.
1983). Flavonoids may mod u late the pharmacokinetics of THC, via a mech a -
nism shared by CBD, the in hi bi tion of P450 3A11 and P450 3A4 en zymes.
Naringenin, a flavonoid in grape fruit juice, also in hib its these en zymes, thus
block ing the me tab o lism of cyclosporine, caf feine, benzodiazepines, and cal -
cium an tag o nists (Fuhr 1998). Two re lated en zymes, P450 3A4 and P450 1A1, 
me tab o lize en vi ron men tal tox ins from procarcinogens to their ac ti vated forms.
Thus, P450-sup press ing com pounds serve as chemoprotective agents, shield -
ing healthy cells from the ac ti va tion of benzo[α]pyrene and af la toxin B1
(Offord et al. 1997), which are two procarcinogens po ten tially found in can na -
bis smoke (McPartland and Pruitt 1997).

Apigenin is a flavone found in nearly all vas cu lar plants (Fig ure 3). It ex erts
a wide range of bi o log i cal ef fects, in clud ing many prop er ties shared by
terpenoids and cannabinoids. Apigenin is the pri mary anxio lyt ic agent found
in cham o mile, Matricaria recutita , (re viewed in Russo 2000). It se lec tively
binds with high af fin ity to cen tral benzo diaz epine re cep tors, which are lo cated
in α- and β-sub units of GABAA  re cep tors (Salgueiro et al. 1997); this anxio -
lyt ic ac tiv ity is not as so ci ated with the un wanted side ef fects caused by syn -
thetic benzo diazepines, such as mus cu lar re lax ation, am ne sia, and se da tion.

Apigenin in hib its the pro duc tion of tu mor ne cro sis fac tor-al pha (TNF-α ), a
cytokine pri mar ily ex pressed by monocytes and macrophages (Gerritsen et al.
1995). TNF-α in duces and main tains in flam ma tion, a patho log i cal con di tion
in rheu ma toid ar thri tis and mul ti ple scle ro sis. THC de creases TNF-α, prob a -
bly by a nonreceptor-me di ated mech a nism (Burnette-Curley and Cabral 1995),
al though one study sug gested THC might in duce TNF- α (Shivers et al. 1994).
Ei ther way, apigenin pro vides ben e fi cial sup pres sion of TNF-α , whether in
con cert with THC or coun ter act ing THC.

John M. McPartland and Ethan B. Russo 119



Apigenin and other flavonoids in ter act with es tro gen re cep tors, and ap pear
to be the pri mary es tro genic agents in can na bis smoke (Sauer et al. 1983). Al -
though apigenin has a high af fin ity for es tro gen re cep tors (es pe cially β-es tro gen
re cep tors), it has low es tro genic ac tiv ity; apigenin ac tu ally in hib its estradiol-
 in duced pro lif er a tion of breast can cer cells (Wang and Kurzer 1998).

Quercetin is a flavonol found in nearly all vas cu lar plants, in clud ing can na -
bis (Turner et al. 1980). Quercetin is a po tent an ti ox i dant; by some mea sures
more po tent than ascor bic acid, α-tocopherol, and BHT (Gadow et al. 1997).
Com bi na tions of quercetin and other an ti ox i dants work syn er gis ti cally (Hud -
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FIGURE 3. Flavonoid and phytosterol com po nents of can na bis.

Can na bis Con stit u ent Struc ture* Con cen tra tion† Boiling
Point °C§

Prop erties

apigenin > 0.1% 178 Anxio lyt ic
Antiin flam ma tory
Es tro genic

quercetin > 0.1% 250 An ti ox i dant
Antimutagenic
An ti vi ral
Antineoplastic

cannflavin A 0.02% 182 COX in hib i tor
LO in hib i tor

β-sitosterol ? 134 Antiin flam ma tory
5 -α-reductase
in hib i tor
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son and Mahgoub 1981). The an ti ox i dant po ten tial of quercetin and other
flavonoids should be tested against CBD, an other po tent an ti ox i dant (Hampson
et al. 1998). Per haps flavonoids can in duce chem i cal re duc tion of CBD, ef fec -
tively re cy cling CBD as an an ti ox i dant. Flavonoids block free rad i cal for ma -
tion at sev eral steps: by scav eng ing superoxide an ions (in both en zy matic and
non-en zy matic sys tems), by quench ing in ter me di ate peroxyl and alkoxyl rad i -
cals, and by che lat ing iron ions, which cat a lyze many Fenton re ac tions lead ing
to free rad i cal for ma tion (Musonda and Chipman 1998).

Free rad i cals ac ti vate NF-κB, a tran scrip tion fac tor pro tein that in duces the
ex pres sion of onco genes, in flam ma tion, and apoptosis. Quercetin ar rests the
for ma tion of NF-κB, by block ing the PKC-in duced phosphorylation of an in -
hib i tory sub unit of NF-κB called IκB (Musonda and Chipman 1998), con se -
quently quercetin hin ders carcinogenesis and in flam ma tory dis eases. NF-κB
also plays a role in the ac ti va tion of HIV-1 (Greenspan 1993), so quercetin
may hin der the rep li ca tion of that vi rus. In a sim i lar fash ion, silymarin (a
flavonoid pro duced by milk this tle, Silybum marianum) im pedes NF-κB-in -
duced rep li ca tion of the hep a ti tis C vi rus, and thus in hib its hepatic car ci noma
(McPartland 1996). These flavonoids may synergize with CBN, which also
downregulates NF-κB (Her ring and Kaminski 1999), thereby coun ter act ing
the ef fects of THC, which may in crease NF- κB ac tiv ity (Daaka et al. 1997).

Cannflavin A is one of a pair of prenylated fla vones ap par ently unique to
can na bis (Barrett et al. 1986). The yield of cannflavin A is 0.02% of dry herb.
This com pound is a po tent in hib i tor of pros ta glan din E2 in hu man rheu ma toid
synovial cells, with an IC50 of 31 ng/ml, about 30 times more po tent than as pi -
rin in that sys tem (Barrett et al. 1986). Cannflavin A in hib its cyclooxygenase
(COX) en zymes and lipoxygenase (LO) en zymes more po tently than THC
(Ev ans et al. 1987). How ever, these as says were done with al co hol-ex tracted
cannflavin; we ques tion whether cannflavin is suf fi ciently vol a tile. Other phe -
nols re lated to flavonoids are vol a tile and ap par ently re tain phar ma co log i cal
ac tiv ity in can na bis smoke, such as eugenol and p-vinylphenol (Burstein et al.
1976).

β -Sitosterol was dem on strated in sig nif i cant con cen tra tions in the red oil
ex tract of can na bis (Fenselau and Hermann 1972). In an i mal as says, this
phytosterol re duced acute in flam ma tion 65% and chronic edema 40.6% (Gomez 
et al. 1999). This agent has been the sub ject of most in ter est as the ac tive in gre -
di ent of Serenoa repens, the saw pal metto, and Urtica dioica, the net tle,
wherein β-sitosterol acts as a 5-α -reductase in hib i tor. In nu mer ous tri als (Wilt
et al. 1998; McPartland and Pruitt 2000), stan dard ized ex tracts of saw pal -
metto have proven equiv a lent or su pe rior to finasteride in treat ment of be nign
pros tatic hy per pla sia.
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CONCLUSIONS

Does the body ab sorb non-cannabinoids in phys i o log i cally rel e vant con -
cen tra tions? In the ab sence of ex per i men tal data, we can es ti mate, us ing
limonene as an ex am ple of AChE in hi bi tion. Ac cord ing to Ross and ElSohly
(1996), fresh, fe male flow er ing tops con sist of 0.29% es sen tial oil. Air dry ing
of fe male flow er ing tops de creases their mois ture con tent (MC) from ap prox i -
mately 85% MC to 15% MC, with a con com i tant loss in wa ter weight
(McPartland and Pruitt 1997). Al though some es sen tial oil is vol a til ized and
lost in the dry ing pro cess, the re main ing terpenoids be come con cen trated. The
con cen tra tion of es sen tial oil in air-dried can na bis is 0.8%, and limonene con -
sists of 17.2% of the es sen tial oil (Ross and ElSohly 1996). Thus, air-dried
can na bis con sists of 0.14% limonene; there fore a 500 mg can na bis cig a rette
(which is half the size of a stan dard to bacco cig a rette) would con tain 0.7 mg
limonene. If we as sume the sys temic bioavailability of limonene from smok -
ing can na bis is 18%, the same as THC (Ohlsson et al. 1980), then 0.13 mg
would be ab sorbed. Dis trib uting this dose evenly in the to tal body wa ter of a 70 
kg man, with out me tab o lism or se ques tra tion, would pro duce a max i mum tis -
sue con cen tra tion of 1.3 µM. This con cen tra tion is an or der of mag ni tude be -
low the IC50 con cen tra tion of limonene’s in hi bi tion of AChE (Miyazawa et al .
1997). Hence, limonene must  synergize with other AChE in hib i tors in or der to
be ef fec tive.

Va por izer tech nol ogy may im prove the bioavailability of limonene and
other com pounds, which vol a til ize around the same tem per a ture as THC (see
Fig ures 1-3). Va por izers are smok ing apparati that heat can na bis to 185°C
(365°F), which va por izes THC but is be low the ig ni tion point of com bus ti ble
plant ma te rial. Va por ized can na bis emits a thin gray va por, whereas combusted
can na bis pro duces a thick smoke. Thus, va por iz ers de liver a better canna -
binoid-to-tar ra tio than cig a rettes or wa ter pipes (Gieringer 1996). In a re cent
study, traces of THC were va por ized at tem per a tures as low as 140°C (284°F)
and the ma jor ity of THC va por ized by 185°C (365°F); ben zene and other car -
ci no genic va pors did not ap pear un til 200°C (392°F), and can na bis com bus -
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 sys tem i cally through the lungs to pro duce CNS
ac tiv ity. In haled com pounds may reach re cep tors in the ol fac tory bulb, send -
ing mood-al ter ing mes sages via ol fac tory nerves di rectly to the limbic re gion
and hip po cam pus. This route may be re spon si ble for some sed a tive ef fects of
terpenoids upon in ha la tion (Buchbauer et al . 1993).

The pau city of re search con cern ing non-THC syn er gists in can na bis is pe ri -
od i cally crit i cized (Mechoulam et al. 1972; McPartland and Pruitt 1999; Russo 
2000). We have high lighted sev eral cannabinoids, terpenoids, and flavonoids
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that de serve fur ther at ten tion re gard ing their con tri bu tions to the ef fects of
clin i cal can na bis. Most of the data we pres ent here is based on in vi tro ex per i -
ments or an i mal stud ies. Clearly the next step should in volve hu man clin i cal
tri als of each con stit u ent, alone, or in com bi na tion with THC, or com bined
with a cock tail of can na bis com pounds.
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