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Introduction

Th is  report sum m a r iz e s  and an a ly ze s  what is know n  about 
the m ed ica l u se  o f  m ar i juana : it em phas ize s  ev idence-based  
m ed ic in e  (d e r iv ed  from  kn ow le d g e  and exper ience 

_ _ _ _ _  in fo rm ed  b y  r igo rou s s c ien t i f ic  an a ly s is ) ,  as oppo sed  to 
be lie f-based  m ed ic in e  (de r ived  from ju d gm en t ,  in tu i t ion , 

and b e l ie f s  untested b y  r igo rou s sc ience) .

S c ie n t i f i c  data on co n tro ve r s ia l su b je c ts  are com m on ly  m is in te rp re ted , 
over in te rp re ted , and m isrep re sen ted , and the m ed ica l m ar i ju ana  deba te  is 
no excep tion . W e have tr ied  to present the s c ie n t i f ic  s tu d ie s  in such  a w ay 
as to revea l their streng ths and  l im ita t io n s . One o f  the goa ls  o f  th is report 
is to he lp  people to unders tand  the s c ie n t i f ic  da ta , in c lu d in g  the lo g ic  
beh ind the s c ien t i f ic  c o n c lu s io n s ,  so it goes into g rea te r de ta i l than 
p rev iou s reports on the su b je c t .  In m any ca se s ,  w e  have exp la in ed  why 
pa r t icu la r  s tud ie s  are in co n c lu s iv e  and what sort o f  e v id en ce  is needed to 
support p a r t icu la r  c la im s  abou t the harms o r  bene f its  a t tr ibu ted  to 
m ar i juana . Id e a l ly ,  th is report w i l l  enab le  the though t fu l reader to interpret 
new  in fo rm at ion  about m a r i ju ana  that w i l l  con t inue  to em erge  rap id ly  w e l l  
a f te r th is  report is p u b l ish ed .

Can m ar i juana  re l ie v e  hea lth p rob lem s?  Is  it sa fe  fo r m ed ica l use?
Those s t ra igh t fo rw a rd  q u e s t io n s  are em bedded  in a w eb  o f  so c ia l concerns , 
w h ich  lie  ou ts ide  the scope o f  th is  rep Ml. C on tro ve rs ie s  concern ing  
nonm ed ica l use o f  m a r i ju an a  sp i l l  o v e r  on to the m ed ica l m ar i ju ana  debate 
and tend to ob scu re  the real state o f  sc ie n t i f ic  k now ledg e .  In con tras t w ith  
the m any d isag reem en ts  bea r in g  on the so c ia l i s su e s ,  the s tu dy  team found 
sub s tan t ia l con sen su s , among  experts in the re levan t d is c ip l in e s ,  on the 
s c ie n t i f ic  e v id en ce  bea r ing  on potentia l m ed ica l use . T h is  report an a ly ze s  
sc ience , not the law . A s  in any p o l ic y  deba te , the va lu e  o f  s c ie n t i f ic  
an a ly s is  is that it can p ro v id e  a founda t ion  fo r  fu r the r d is c u s s io n .  D is t i l l in g  
sc ie n t i f i c  e v id ence  does not in i t s e l f  so lv e  a p o l ic y  p rob lem . W ha t it can do 
is i l lum in a te  the com m on  g ro un d , b r in g in g  to l igh t fundam en ta l d if fe ren ce s



out of the shadows of misunderstanding and misinformation that currently 
prevail. Scientific analysis cannot be t' z end of the debate, but it should at 
least provide the basis for an honest and informed discussion.

O ur a n a ly s is  o f  the e v id en ce  and a rgum en ts  concern ing  the m ed ica l u 
o f  m a r i ju ana  fo cu se s  on the strength o f  the support ing e v id en ce  and does 
not re fe r to the m o t iv a t io n s  o f  peop le  w ho  pu t forth the e v id en ce  and 
a rgum en ts . That is . it is not re levan t to s c ie n t i f i c  v a l id i t y  w he the r an 
a rgumen t is  put forth b y  som eone  w ho  b e l ie v e s  that a l l m ar i ju ana  use 
sho u ld  be lega l o r b y  som eone w ho  b e l ie v e s  that any m a r i ju ana  use is 
h ig h ly  d am ag in g  to in d iv id u a l  u se rs  and to so c ie ty  as a w ho le . N o r does 
th is report com m en t on the deg ree  to w h ich  s c ien t i f ic  a n a ly s is  is 
com pa t ib le  w ith  cu rren t re gu la to ry  p o l ic y .  A ltho ugh  m any have a rgued  that 
curren t d ru g  law s  p e r ta in ing  to m a r i ju ana  are incons is ten t w ith  sc ie n t i f ic  
da ta , it is important to unders tand  that d e c is io n s  about d ru g  regu la t ion  are 
based on a va r ie ty  o f  mora l and so c ia l con s ide ra t ion s , as w e l l  as on 
m ed ica l and s c ie n t i f ic  ones.

E ven  when a d ru g  is u sed  onh  for m ed ica l purposes, v a lu e  ju d gm en ts  
a f fec t p o l ic y  d e c is io n s  con ce rn in g  its m ed ica l use. Fo r e xam p le , the 
m agn itu d e  o f  a d rug 's expec ted  m ed ica l bene f it  a ffec ts  regu la to ry  
ju d gm en ts  about the a c c ep ta b i l i t y  o f  r isk s  a ssoc ia ted  w ith  its use . A lso ,  
a l though  a d ru g  is n o rm a l ly  app roved  to r  m ed ica l use on ly  on p roo f o f  its 
"sa fe ty  and e f f ic a c y ,"  pat ien ts w ith  l i fe- threaten ing cond it ion s are 
som e t im e s  (under p ro toco ls fo r "compass iona te  use") a l low ed  acce ss to 
unapp roved  d rug s  whose  b ene f it s  and r isk s  are uncerta in . V a lu e  ju d gm en t '  
p la y  an even  more sub s tan t ia l ro le  in regu la to ry  dec is io n s  concern ing  
d ru g s ,  su ch  as m a r i ju ana , that are sought and used fo r nonm ed ica l 
purposes . Then p o l ic ym ake r s  m ust take in to accoun t not on ly  the r isk s  and 
bene f its  assoc ia ted  w ith  m ed ica l use but a lso  po ss ib le  in terac t ions between 
the regu la to ry  a rrangem en ts g o ve rn in g  m ed ica l use and tiie in teg r i ty  o f  the 
lega l con tro ls  set up to res tr ic t nonm ed ica l use .

It sho u ld  be c le a r  that m any  e lem en ts  o f  d ru g  contro l po l ic y  l ie  ou ts ide  
the rea lm  o f  b io lo g y  and m ed ic in e .  U l t im a te ly ,  the com p lex  mora l and 
so c ia l ju d gm en ts  that u nde r l ie  d ru g  contro l p o l ic y  m ust be made by  the 
Am er ican  peop le and the ir  e le c ted  o f f ic ia ls .  A  goal o f  th is report is to 
e va lu a te  the b io lo g ic a l and m ed ic a l facto rs that shou ld  be taken into 
accoun t in m ak in g  those ju d gm en ts .

H O W  T H I S  S T U D Y  W A S  C O N D U C T E D

In fo rm a t ion  w a s  ga thered  th rough  sc ie n t i f i c  w o rk shop s , s ite v i s i t s ,  
a n a ly s is  o f  the re le van t s c ie n t i f i c  l i te ra tu re , and  ex ten s ive  con su lta t ion  w ith  
b iom ed ic a l and so c ia l s c ien t is ts .  T he  three 2-day workshops--in I r v in e .  
C a l i fo rn ia ;  N ew  O r lean s , L ou is ia n a ; and W ash in g ton . D .C.--were open to 
the p u b l ic  and in c lu ded  s c ie n t i f ic  presen ta t ions and reports, m o s t ly  from  
patients and the ir f am i l ie s ,  abou t the ir  exper iences w ith  and perspective? 
on the m ed ica l use o f  m a r i ju ana . S c ie n t i f i c  experts in va r iou s f ie ld s  were 
se lec ted  to ta lk  about the la test research on m ar i ju ana , cannab ino id s ,  and 
re la ted  top ic s ( l is ted  in A ppend ix  B). S e le c t ion  o f  the experts w as based on



recommendations by their peers, who ranked them among the most 
accomplished scientists and the most knowledgeable about marijuana and 
cannabinoids in their own fields. In addition, advocates for (John Morgan) 
and against (Eric A. Voth) the medical use of marijuana were invited to 
present scientific evidence in support of their positions.

In fo rm a t ion  presented at the sc ien t i f ic  w o rk shop s was supp lem en ted  by 
an a ly s is  o f  the sc ie n t i f ic  l i te ra tu re  and e va lu a t in g  the m ethods u sed in 
va r io u s  s tu d ie s  and the v a l id i t y  o f  the authors' co n c lu s io n s . D if fe ren t k ind s  
o f  c l in ic a l  s tu d ie s  are u se fu l in d if fe ren t ways : re su l t s  o f  a co n tro l le d  
doub le-b l in d  s tu dy  w ith  adequa te  samp le  s ize s  can be expec ted  to app ly  to 
the genera l popu la t ion  f rom  w h ich  s tudy  sub je c ts  were d raw n ; an iso la ted  
case report can sugges t fu r th e r  s tud ie s  but cannot be p resumed to be 
b ro ad ly  app licab le ; and s u r v e y  da ta can be h igh ly  in fo rm a t iv e  but are 
g ene ra l ly  l im ite d  b y  the need to re ly  on se lf-reports o f  d ru g  use and on 
uncon f irm ed  m ed ica l d iagno se s . T h is  report re l ie s m a in ly  on the most 
re levan t and m e th o d o lo g ic a l ly  r igo rous s tud ie s a v a i la b le  and treats the 
re su lts  o f  more l im ite d  s tu d ie s  ca u t io u s ly .  In add i t io n , s tudy  re su l t s  are 
presented in such  a w ay  as to a l lo w  though t fu l readers to j u d g e  the re su lts  
th em se lve s .

The In s t itu te  o f  M ed ic in e  ( IO M )  appointed a panel o f  n ine e x p e r t s  to 
a d v ise  the s tu d y  team on te chn ica l issues . These in c lu ded  n eu ro lo gy  ant* 
the treatment o f  pain (Howard  F ie ld s) ; regu la t ion o f  p resc r ip t ion  d ru g s  (J. 
R icha rd  Crout): A ID S  w a s t in g  and c l in ic a l t r ia ls  (Jud ith Fe inbe rg ) ; 
treatment and pa tho logy o f  m u lt ip le  sc le ro s is  (T im o thy V o l lm e r) ;  d ru g  
dependence am ong ado le scen ts  (Thomas C row ley ) ; va r ie t ie s  o f  d ru g  
dependence (Doro thy  H atsukam i) ; internal m ed ic in e , health care  d e l i v e r y ,  
and c l in ic a l  e p id em io lo g y  (E r ic  B. Larson): cannab ino id s  and m a r i ju ana  
pha rm aco logy  (B i l l y  R. M art in ) ; and cannab ino id  neu ro sc ience (S teven R. 
C h i ld e rs) .

P ub l ic  ou treach i . .e lu d ed  se t t ing  up a W eb  site that p ro v id ed  
in fo rm a t ion  abou t the s tu d y  and asked  fo r  input f rom  the p u b l ic .  The W eb  
s ite w as open fo r commen t f rom  N ovem be r  1997 un ti l N o vem be r  1998. 
Some 130 o rgan iza t ion s  w ere  in v i ted  to partic ipate in the p u b l ic  
wo rkshop s . M an y  people in the o rg an iza t io n s—pa r t ic u la r ly  tho se  opposed 
to the m ed ica l use o f  mari juana--fe lt that a p ub l ic  fo rum  w. s not co n du c iv e  
to exp ress ing  the ir v iew s ;  they w e r> rnv ited  to com m un ica te  the ir op in ion s 
(and reasons fo r h o ld in g  them) b y  ma il or te lephone. As a re su l t ,  ro u gh ly  
equa l numbers o f  persons and o rgan iza t ion s  opposed to and in fa vo r  o f  the 
m ed ica l use o f  m a r i ju ana  w e re  heard from .

The s tu dy  team  v is i te d  fo u r  cannab is  buyers' c lu b s  in C a l i fo rn ia  (the 
O ak land  C annab is  Buyers' C oope ra t iv e , the San F ranc is co  C annab is  
C u l t i v a t e C l u b ,  the Los A nge le s  C annab is  Resou rce  Cen te r , and 
C a l i fo rn ian s  H e lp ing  A l le v ia te  M ed ic a l  P rob lem s , o r C H A M P S )  and tw o  
H IV/A IDS  c l in i c s  ( A IDS  Hea lth  Care Founda t ion  in Los A n g e le s  and 
Lou is ia n a  State U n iv e rs i ty  M e d ic a l  Cen te r in N ew  O r leans) . W e  l is tened  to 
many in d iv id u a l s to r ies f rom  the buyers' c lub : about u s ing  m a r i ju an a  to 
treat a va r ie ty  o f  sym p tom s and heard c l in ic a l  o b se rva t ion s on the use o f



Marinol to treat AIDS patients. Marinol is the brand name for dronabinol,
which is ^'’-tetrahydrocannabinol (THC) in pill form and is available by 
prescription for the treatment of nausea associated with chemotherapy and 
AIDS wasting.

M A R I J U A N A  T O D A Y

T h e  C h a n g i n g  L e g a l  L a n d s c a p e

In the 20th cen tu ry , m ar i ju ana  has been used more fo r  i ts  euphor ic  
e f fe c ts  than as a m ed ic in e . I t s  p sy cho lo g ica l and behav io ra l e f fe c ts  have 
concerned  p u b l ic  o f f i c ia l s  s in ce  the d rug f irs t appeared in the sou thweste rn  
and southern states d u r in g  the f ir s t  two  decades o f  the cen tu ry . B y 1931, at
least 29 states had proh ib ited  use o f  the d rug for nonm ed ica l purposes . 
M a r i ju an a  w a s firs t regu la ted  at the federa l le ve l by  the M a r i ju a n a  T ax  Act 
o f  1937. w h ich  requ ired  anyone p roduc ing , d is t r ib u t in g ,  o r  u s ing  m ar i ju ana  
fo r m ed ica l purposes to reg is te r  and  pay a tax and w h ich  e f fe c t iv e ly  
proh ib ited  nonm ed ica l use o f  the d rug . A lthough  the act d id  not m ake  
m ed ica l use o f  m a r i ju an a  i l le g a l ,  it d id  make it expen s iv e  and inconven ien t . 
In 1942, m a r i ju an a  w a s rem oved  from  the U .S . Pharmacopoe ia  because  it 
w as b e l ie v ed  to be a h a rm fu l and a d d ic t iv e  d rug that cau sed  p sy cho se s , 
menta l de te r io ra t ion , and v io len t behav io r .

In the late 1960s and ea r ly  1970s, there was a sharp increase in 
m ar i juana  use am ong ado le scen ts  and  young adu lts . The cu rren t lega l 
s ta tus o f  m ar i ju ana  w as e s ta b l ish ed  in 1970 w ith  the passage o f  the 
Con tro l led  S ub s tan ce s  A c t ,  w h ich  d iv id e d  d rug s into f iv e  sch edu le s  and 
p laced m ar i ju ana  in S chedu le  1. the ca tegory fo r d ru g s  w ith  h igh potentia l 
fo r abuse and no accep ted m ed ica l use (see Appendix C. S ch edu l in g  
D e f in i t io n s) .  In 1972, the N a t iona l O rgan iza t ion  fo r the R e fo rm  o f  
M a r i ju an a  L eg is la t io n  (N O R M L ) ,  an o rgan iza t ion  that supports 
d e c r im in a l iz a t io n  o f  m a r i ju an a , u n su c c e s s fu l ly  petit ioned the Bureau o f  
N a rco t ic s  and D angerous D rug s to move m ar i ju ana  from  S chedu le  I to 
S chedu le  I I .  N O R M L  argued  that m ar i juana  is therapeut ic in num erous 
se r iou s a i lm en ts ,  le ss to x ic ,  and in m any cases more e f fe c t iv e  than

I ^
conven t iona l m ed ic in e s .  ' T h u s ,  fo r  25 years the m ed ica l m ar i ju ana  
movemen t has been c lo s e ly  l in k e d  w ith  the m ar i juana d e c r im in a l iz a t io n  
m ovem en t ,  w h ich  has co lo red  the debate . M any  people c r i t i c i z e d  that 
assoc ia t ion  in the ir le tters to IO M  and dur ing  the p ub l ic  w o rk shop s o f  this 
s tu dy . The a rgum en t aga ins t the m ed ica l use o f  m ar i juana  presented most 
often to the IO M  s tudy  team w as that "the m ed ica l m ar i ju ana  m ovem en t is 
a T ro jan  horse"; that is . it is a d ecep t ive  tact ic used by a d vo ca te s  o f  
m ar i ju ana  d e c r im in a l iz a t io n  w ho  w o u ld  exp lo it  the pub l ic 's  s ym pa th y  for 
se r io u s ly  i l l  patients .

S ince N O R M L 's  petit ion in 1972, there have been a va r ie ty  o f  lega l 
d e c is ion s  conce rn ing  m a r i ju ana . F rom  1973 to 1978, 11 states adopted 
sta tu tes that d e c r im in a l iz e d  use o f  m ar i juana , a lthough som e o f  them 
re c r im in a l iz e d  m ar i ju ana  use in the 1980s and 1990s. D u r in g  the 1970s, 
reports o f  the m ed ica l v a lu e  o f  m a r i ju ana  began to appear, p a r t ic u la r ly



c la im s  that m a r i ju an a  re l ie v e d  the nausea assoc ia ted  w ith  ch em o the rapy . 
Hea lth departm en ts in s ix  s ta tes condu c ted  sm a l l  s tu d ie s  to in ve s t ig a te  the 
reports. W hen the A ID S  ep id em ic  spread in the 1980s, pa t ien ts found  that 
m a r i ju ana  som e t im es re l ie v e d  the ir s ym p tom s , most d ram a t ic a l ly  those 
a ssoc ia ted  w ith  A ID S  w a s t in g .  O ve r  th is  per iod a num be r o f  de fendan ts 
charged  w ith  u n la w fu l  po ssess ion  o f  m a r i ju ana  c la im e d  that they were 
u s in g  the d rug  to treat m ed ica l cond it ion s  and that v io la t io n  o f  the law  was 
therefore ju s t i f i e d  (the so-ca l led  m ed ica l ne ce ss i ty  d e fen se ) . A lthough  most
cou r ts  re jec ted these c la im s ,  some accepte- cm /

Aga in s t that b a ckd rop , vo te rs  in C a l i fo rn ia  and A r izo n a  in 1996 passed 
tw o  re ferenda that a ttempted to le g a l i z e  the m ed ica l u se  o f  m a r i ju ana  under 
p a r t icu la r  co nd i t io n s . P u b l i c  support fo r patient access  to m a r i ju ana  for 
m ed ica l u se  appears su b s tan t ia l ;  p ub l ic  op in ion  p o l ls  taken d u r in g  1997 and 
1998 gen e ra l ly  reported 60 — 70 percent o f  respondents in fa vo r  o f  a l low in g
m ed ica l u ses o f  m a r i ju ana . H oweve r , those re fe renda are at odd s w ith  
:d e ra l law s  re gu la t in g  m a r i ju ana , and the ir im p lem en ta t io n  ra ises com p lex  

iega l que s t ion s .

Desp ite  the cu rren t le v e l o f  in terest , re ferenda and p u b l i c  d is cu s s io n s  
have  not been w e l l  in fo rm ed  by  c a re fu l ly  reasoned s c ie n t i f ic  deba te . 
A ltho ugh  p re v io u s  reports h ave  a l l ca l le d  fo r more research , the nature o f  
the research that w i l l  be most he lp fu l depends g rea t ly  on the sp e c i f ic  health 
co nd i t io n s  to be add re s sed . A nd  w h i le  there have  been importan t recent 
a d van ce s  in ou r u nde rs tand in g  o f  the p h y s io lo g ic a l e f fe c ts  o f  m a r i ju ana , 
few  o f  the recent in ve s t ig a to r s  have had the t im e o r re sou rce s  to permit 
d e ta i le d  an a ly s is .  The re su l t s  o f  those ad van ce s , on ly  now  b eg in n in g  to be 
e xp lo red , have s ig n i f ic a n t  im p l ic a t io n s  fo r the m ed ica l m a r i ju an a  deba te .

S eve ra l mon th s a f te r the passage o f  the C a l i fo rn ia  and A r izo n a  m ed ica l 
m a r i ju ana  re fe ren dum s , the O f f ic e  o f  Nat iona l D rug  C on tro l P o l ic y  
(O NDCP) asked  w he th e r  IO M  w ou ld  conduc t a s c ie n t i f i c  r e v iew  o f  the 
m ed ica l va lu e  o f  m a r i ju ana  and its const i tuen t com pound s . In  A ugu s t  1997. 
IO M  fo rm a l ly  began  the s tu d y  and appointed John A . Benson  Jr. and 
S tan ley  J. W a tson  Jr. to se rve  as p r inc ipa l in ve s t ig a to rs  fo r  the s tu dy . The 
charge to IO M  w a s  to r e v iew  the m ed ica l use o f  m a r i ju ana  and the harms 
and bene f its  a t t r ib u ted  to it (de ta i ls  arc g iv en  in Appendix D).

M e d i c a l  M a r i j u a n a  L e g i s l a t i o n  A m o n g  t h e
S t a t e s

The  1996 C a l i fo rn ia  re fe rendum  known  as 
P ropos it ion  215 a l low e d  se r io u s ly  i l l  C a l i fo rn ia n s  
to ob ta in  and  use m a r i ju ana  fo r  m ed ica l pu rposes 
w ith o u t c r im in a l p rosecu t ion o r san c t ion . A 
phys ic ian 's  re com m enda t ion  is needed . U nde r  the 
law ,  p h y s ic ia n s  cannot be pun ished  o r den ied  anv 
r igh t o r  p r iv i le g e  fo r  re com m end ing  m a r i ju ana  to 
pa t ien ts w ho  su f fe r  f rom  any i l ln e s s  fo r w h ich



marijuan. il provide relief.

The 1996 Arizona referendum known as 
Proposition 200 was largely about prison reform

• but also gave physicians the option to prescribe
con tro l le d  sub s tan ce s , in c lu d in g  those in S chedu le  
1 (e.g ., m ar i juana) , to treat the d isea se  o r  re l ie ve  
the su f fe r in g  o f  se r io u s ly  o r  te rm in a l ly  i l l  patien ts . 
F iv e  months a fte r the ic fe ren d um  was passed , it 
w as s ta l le d  w h cnA r izo n a  le g is la to rs  vo ted  that a l l 
p resc r ip t ion  m ed ica t ion s m ust be approved b y  the 
Food and D rug  A dm in is t ra t io n ,  anJ m a r i ju ana  is 
not so approved . In N o vem be r  1998, A r izon a  
vo te rs passed a second re fe rendum  de s igned  to 
a l lo w  phys ic ian 's to p resc r ibe  m a r i ju ana  as 
m ed ic in e ,  but th is  is  s t i l l  at odd s  w ith  federa l
l a w . s

A s o f  sum m er 1998. e igh t s ta te s—C a l i fo m ia .  
C onnec t icu t ,  L ou is ia n a , N ew  Hampsh ire , O h io . 
V e rm on t. V ir g in ia ,  and W isconsin--had law s  that 
perm it phy s ic ian s  to p resc r ibe  m ar i juana  fo r 
m ed ica l purposes o r to a l lo w  a m ed ica l necess ity
de fen se . In N o vem be r  1998. f iv e  sta tes--Arizona. 
A la sk a .  O regon . N evad a , and Wash ington--passed

•
 m ed ica l m ar i juana  ba l lo t in i t ia t iv e s .  The D is t r ic t

o f  C o lum b ia  a lso  vo ted  on a m ed ica l m ar i ju ana  
in i t ia t iv e ,  but w as barred f rom  coun t ing  the vo tes 
because an amendmen t d e s ign ed  to p roh ib it  them 
from  do ing  so w as added to the federa l 
appropria tions b i l l ;  h ow eve r ,  ex it  po l ls  sugges ted  
that a m a jo r i ty  o f  vo ters had approved the 
measure .
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M A R I J U A N A  A N D  M E D I C I N E

M a r i ju an a  p lan ts have  been used s in ce  a n t iq u i ty  fo r both herba l 
m ed ica t ion  and in to x ica t ion . The curren t debate o ve r  the m ed ica l use o f  
m ar i juana  is e s s en t ia l ly  a debate o ve r  the va lu e  o f  its m ed ic in a l properties 
re la t ive  to the r isk  posed by  its use.

M a r i ju ana 's  use as an herba l rem edy be fo re  the 20th cen tu ry  is w e l l
d o c um en te d .1,1(1-1 H ow eve r ,  m odem  m ed ic in e  adheres to d if fe ren t 
s tandards f rom  those used  in the past. The ques t ion  is not whe the r



m ar i ju an a  can be u sed  as an herba l rem edy bu t rather how  w e l l  th is  rem edy 
meets today 's s tanda rds o f  e f f i c a c y  and sa fe ty . W e  unders tand m uch  more 
than p re v io u s  genera t ions about m ed ica l r isk s .  O u r  so c ie ty  g ene ra l ly  
expec ts  its l ic en sed  m ed ica t ion s  to be sa fe ,  r e l ia b le ,  and o f  p roven e f f ic a cy ;  
con tam in an ts  and in cons is ten t in g red ien ts  in o u r  health trea tments arc not 
to le ra ted . Tha t re fers not o n ly  to p resc r ip t ion and over-the-counter d rug s 
bu t a lso  to  v i tam in  supp lem en ts  and herba l rem ed ie s purchased at the 
g ro ce ry  s to re . Fo r e xam p le , the e ssen t ia l am ino  ac id  /-tryptophan was 
w id e ly  so ld  in hea lth food sto res as a natura l rem edy  fo r  in som n ia  un ti l 
e a r ly  1990 when  it became l in k e d  to an ep idem ic  o f  a new  and po ten t ia l ly
fa ta l i l ln e s s  (eo s inoph i l ia-m ya lg ia  s y n d r o m e ) . W h e n  it w as rem oved  
from  the m arke t sho r t ly  therea fte r , there w as l i t t le  protest , desp ite  the fact 
that it w a s sa fe fo r the vast m a jo r i ty  o f  the popu la t ion . The 1.536 cases and 
27 dea th s w ere  la te r traced to con tam inan ts  in a batch p roduced b y  a single- 
Japanese m anu fac tu re r .

A l th o ugh  few  herba l m ed ic in e s  meet today's s tanda rds , they have 
p ro v id ed  the founda t ion  fo r m odem  W este rn  pha rm aceu t ica ls .  M os t current 
p re sc r ip t ion s have the ir roots e ithe r d ire c t ly  o r in d ire c t ly  in plant
rem ed ie s . A t the same t im e , most cu rren t p resc r ip t ions are syn the t ic  
com pound s  that arc o n ly  d is ta n t ly  re la ted to the natura l com pounds that led 
to th e .r  d e ve lopm en t . D ig i ta l i s  w as d is co ve red  in fo x g lo v e ,  morphine in 
popp ie s , and taxo l in the yew' tree. E ven  asp ir in  ( a c e ty ls a l ic y l ic  ac id ) has its 
coun te rpart in herba l m ed ic ine : fo r m any genera tions . Am er ican  Ind ian s 
re l ie ved  headaches b y  ch ew in g  the bark o f  the w i l l o w  tree, w h ich  is  r ich in 
a re la ted  fo rm  o f  s a l i c y l i c  a c id .

A l th o ugh  p lan ts con t inue  to be v a lu a b le  re sou rces fo r m ed ica l ad vance s , 
d ru g  de ve lopm en t is l ik e ly  to be le s s  and le ss re lian t on p lants and more 
re l ian t on the too ls  o f  m odem  sc ien ce . M o le c u la r  b io lo g y ,  b io in fo rm a t ic s  
so f tw a re ,  and D N A  array-based an a ly se s  o f  genes and ch em is t ry  are all 
beg inn in g  to y ie ld  great a d van ce s  in d rug  d is c  ve ry  and deve lopm en t .  Until 
re cen t ly ,  d ru g s  co u ld  o n ly  be d i s c o v e r e d ; now  they can be d e s i g n e d .  E ven  
the d is c o v e r y  p rocess has been acce le ra ted  th rough  the use o f  m odem  
d rug- sc reen ing  te chn ique s . It is in c re a s in g ly  p o s s ib le  to id en t i fy  or iso la te 
the ch em ica l com pound s in a p lan t ,  de te rm ine  w h ich  com pounds are 
re spon s ib le  fo r the plant's e f fe c t s ,  and se lec t the most e f fe c t iv e  and safe 
com poun d s—e ithe r fo r use as p u r i f ie d  sub s tance s o r as too ls to de ve lop  
even  more e f f e c t i v e ,  sa fe r , or le ss exp en s iv e  com pounds .

Yet even  as the m odem  pha rm aco lo g ica l too lbox becom es more 
soph is t ic a ted  and b io te chno lo g y  y ie ld s  an eve r  g rea te r abundance  o f  
therapeut ic  d ru g s ,  peop le in c re a s in g ly  seek a l te rn a t iv e , low- techno logy
therap ies .4- In 1997,46 percent o f  A m er ican s sought non trad it iona l 
m ed ic in e s  and spent o v e r  27 b i l l io n  un re im bu rsed  do l la r s ;  the total number 
o f  v i s i t s  to a l te rn a t iv e  m ed ic in e  p rac t i t ioners appears to have exceeded  the
num be r o f  v i s i t s  to primary' care p h y s i c i a n s . R e c e n t  interest in the 
m ed ica l use  o f  m a r i ju an a  co in c id e s  w ith  th is trend tow'ard se lf-he lp  and a 
search fo r "na tu ra l"  therap ies. In d e e d , seve ra l peop le w ho  spoke at the 
IO M  p ub l ic  hea r ings in support o f  the m ed ica l use o f  m a r i ju ana  sa id  that



they generally preferred herbal medicines to standard pharmaceuticals. 
However, few alternative therapies have been carefully and systematically 
tested for safety and efficacy, as is required for medications approved by
the FDA (Food and Drug Administration).”

W H O  U S E S  M E D I C A L  M A R I J U A N A ?

There have been no com p rehen s ive  su rv e y s  o f  the d em og raph ic s  and 
m ed ica l co nd i t io n s  o f  m ed ica l m a r i ju an a  u se rs , bu t a few  reports p ro v id e  
some ind ica t ion . In  each ca se , su r v e y  re su lts  sh o u ld  be unders tood  to 
re f le c t the s i tu a t ion  in w h ich  they w e re  conduc ted  and are not nece ssa r i ly  
ch a ra c te r is t ic  o f  m ed ica l m a r i ju ana  u se rs  as a w ho le .  Responden ts  to 
su r v e y s  reported to  the IO M  s tu d y  team were a l l m em bers  o f  "b u ye r s ’ 
c lu b s ,"  o rg an iza t io n s  that p ro v id e  the ir  m em bers w ith  m a r i ju an a , a lthough  
not nece ssa r i ly  th rough d ire c t cash transac tions . The a tmosphere o f  the 
m ar i ju ana  b u y e r s ’ c lu b s  ranges f rom  that o f  the com pa ra t iv e ly  fo rm a l and 
c lo s e ly  regu la ted  O ak land  C annab is  Buyers ' C oope ra t ive  to that o f  a 
"coun try  c lu b  fo r the ind igen t ."  as D en is  Peron d e sc r ib ed  the San F ran c is co  
C annab is  C u l t i v a to r s  C lu b  (SFCCC ) . wh ich  he d ire c ted .

John M ende lso n . an in tern is t and  pha rm aco log is t at the U n iv e r s i t y  o f  
C a l i fo rn ia ,  San F ran c is co  (UCSF ) Pain M anagem en t Cen te r , su rv e y ed  100 
m em bers  o f  the S FC C C  w ho  were u s in g  m ar i ju ana  at least w e e k ly .  M o s t  o f  
the responden ts were unem p loyed  men in the ir fo r t ie s . S ub je c t s  w ere  paid 
$50 to part ic ipa te in the su rv e y ;  th is  m igh t have encouraged  a g rea ter 
represen ta tion o f  unem p loyed  su b je c t s .  A l l  s u b je c ts  w ere  tested fo r d rug  
use . A bou t ha i l tested p o s it iv e  fo r m ar i ju ana  o n ly ;  the o ther h a l f  tested 
po s it iv e  fo r d ru g s  in add it ion  to m ar i ju ana  (23% fo r  co ca ine  and 13% for 
amphe tam ines) . The predom inan t d iso rd e r  was A ID S ,  fo l lo w e d  by  ro u gh ly  
equa l numbers o f  m em bers w ho  reported ch ron ic  pa in , mood d iso rd e r s ,  and 
m u scu lo sk e le ta l  d iso rde rs  (7 ab le  1.1).

The m em be rsh ip  p ro f i le  o f  the San F ran c is co  c lu b  w as s im i la r  to .hat o f  
the Los A nge le s  C annab is  R esou rce  C en te r (LA C R C ) ,  w he re  83% o f  the 
739 patients were men . 45% were  36—45 yea rs o ld .  and 71% were H IV  
po s it ive , l ab le  1.2 show s a d is t r ib u t io n  o f  co nd i t io n s  som ewha t d if fe ren t 
f rom  that in S FC C C  responden ts , p robab ly  becau se  o f  a d if fe ren t 
m em be rsh ip  p ro f i le . Fo r e xam p le ,  can ce r  is g en e ra l ly  a d ise a se  that o ccu rs  
la te in l i fe ; 34 (4.7%) o f  L A C R C  m em bers w ere  o ve r  55 yea rs  o ld ; o n ly  
2% o f  su rv e y  respondents in the S FC C C  s tudy  w'ere o ve r  55 yea rs o ld .

Je f frey  Jones , e x e cu t iv e  d ire c to r  o f  the O ak land  C annab is  Buyers ' 
C oope ra t ive , reported that its la rges t g roup  o f  patien ts is H IV -po s i t iv e  men 
in the ir  fo r t ie s . The second- la rges t g roup  is patients w ith  ch ron ic  pain.

Among the 42 peop le w ho  spoke at the p u b l ic  w o rk shop s o r w ro te to 
the s tu dy  team , on ly  s ix  id en t i f ie d  th em se lv e s  as m em bers o f  m ar i ju ana  
buyers ' c lu b s .  N one the le ss , they presen ted a s im i la r  p ro f i le ; H IV/A IDS  
the p redom inan t d iso rde r ,  fo l lo w e d  by  ch ron ic pain (Tables 1.3 and 1.4).
A l l  H IV/A IDS  patients reported that m a r i ju ana  re l ie v ed  nausea  and 
v om it in g  and im p roved  the ir  appetite . A bou t h a l f  the patien ts w ho  reported



using marijuai.a for chronic pain also reported that it reduced nausea and 
vomiting.

Note that the m ed ica l cond i t io n s  re ferred  to are o n ly  those reported to 
the s tu dy  team or to in te rv iew e rs ; they canno t be a ssum ed  to represent 
comp le te  o r  accura te  d iagno se s . M ich a e l R ow bo th am , a n eu ro lo g is t  at the 
U C S F  Pain M anagem en t Cen ter , noted that m any pain patients re ferred  to 
that cen te r a r r iv e  w ith  incorrec t d ia gno se s  o r w ith  pain o f  un kn r „ r .  o r ig in . 
A t that cen te r the patien ts w ho  report m ed ica l bene f it f rom  m ar i ju ana  say 
that it does not reduce the ir  pain bu t enab le s  them to cope w ith  it.

M o s t—not a l l—peop le  who  use m a r i ju ana  to re l ie ve  m ed ica l cond it ion s 
have p re v io u s ly  used it re c rea t iona l ly .  An est im a ted  95% o f  the L A C R C  
m em bers had uset m a r i ju ana  be fo re  jo in in g  the c lu b .  It is important to 
em phas ize  the absence o f  com p rehen s ive  in fo rm a t ion  on m ar i ju ana  use 
be fo re  its use  fo r m ed ica l cond it ion s . F req uen cy  o f  pr io r use a lm os t 
ce r ta in ly  depends on m any fac to rs , in c lu d in g  m em be rsh ip  in " buyers' c lu b ,  
m em be rsh ip  in  a popu la t ion sec to r that u ses m ar i juana  more often than 
others ( fo r e x am p le , men 20— 30 yea rs  o ld ) ,  and the m ed ica l cond it ion  
be ing  treated w ith  m a r i ju ana  (for e x am p le ,  there are p robab ly  r e la t iv e ly  
few e r  recrea t iona l m a r i ju ana  users among cance r patien ts than among 
A ID S  patients).

Patients w ho  reported the ir exper ience  w ith  m ar i juana  at the p u b l ic  
w o rk shop s sa id  that m ar i ju ana  p ro v ided  them  w ith  great r e l ie f  from 
sym p tom s assoc ia ted  w ith  d ispara te d isea se s and a i lm en ts ,  in c lu d in g  A ID S  
w a s t in g ,  spa s t ic i ty  from  m u lt ip le  s c le ro s is ,  dep ress ion , ch ron ic  pa in . p H  
nausea assoc ia ted  w ith  chemo therapy . T h e ir  c i rcum s tan ce s  and sym p tom s 
were va r ie d , and the IO M  s tudy  team w a s  not in a pos it ion to make 
m ed ica l e va lu a t io n s  o r co n f i rm  d iagno se s . Three represen ta t ive cases 
presented to the IO M  s tudy  team are presented in Box I I ;  the s to r ie s have 
been ed ited  fo r b re v i ty ,  but each case  is p resented i 'he patient's w o rd s  
and w ith  the patien t’s pe rm iss ion .

The va r ie ty  o f  s to r ies presented le f t the s tu d y  team w ith  a c le a r  v iew  o f 
people's b e l ie f s  about h ow  m ar i ju ana  had he lped  them . But th is  co l le c t ion  
o f  anecdo ta l da ta , a lthough  u se fu l ,  is l im ite d .  W e heard m any po s it iv e  
s to r ie s but no sto r ies f rom  peop le w ho  had tr ied  m ar i ju ana  but found  it 
in e f fe c t iv e .  T h is  is a f rac t ion  w ith  an unknown  denom ina to r . Fo r the 
numera to r w e  have a sam p le  o f  po s it iv e  responses; fo r the denom ina to r we 
have no idea o f  the total n um be r o f  peop le w ho  have tr ied m ar i ju ana  for 
m ed ica l purposes . H ence , it is im po s s ib le  to es t im ate  the c l in ic a l v a lu e  of 
m a r i ju ana  o r c ann ab in o id s  in the genera l popu la t ion based on anecdota l 
reports. M a r i ju an a  c le a r ly  seem s to re l ie v e  some sym p tom s fo r some 
p eop le- e ven  i f  on ly  as a p lacebo e f fe c t .  But what is the ba lan ce  o f  
ha rm fu l and b en e f ic ia l  e f fec ts?  That is the essen t ia l m ed ica l que s t ion  that 
can be an swered  only by  ca re fu l a n a ly s is  o f  data co l le c te d  under con tro l led  
cond it ion s .

C A N N A B I S  A N D  T H E  C A N N A B I N O I D S



M a ri ju a n a  is th e  c o m m o n  n a m e  fo r  C a n n a b is  s a l iv a ,  a h e m p  p la n t  th a t  
g ro w s  th ro u g h o u t  te m p e ra te  a n d  t ro p ic a l  c l im a te s  T h e  m o s t  re c e n t re v ie w

o f  th e  c o n s t i tu e n ts  o f  m a r i ju a n a  l is ts  6 6  c a n n a b in o id s  (T a b le  1 .5 ) . ,f ’ B u t 
th a t  d o e s  n o t  m e a n  th e re  a re  6 6  d if f e r e n t  c a n n a b in o id  e f f e c ts  o r  
in te ra c t io n s .  M o s t  o f  th e  c a n n a b in o id s  a re  c lo s e ly  re la te d ;  th e y  fa ll in to  
o n ly  1 0  g ro u p s  o f  c lo s e ly  r e la te d  c a n n a b in o id s ,  m a n y  o f  w h ic h  d i f f e r  by  
o n ly  a  s in g le  c h e m ic a l  m o ie ty  a n d  m ig h t b e  m id p o in ts  a lo n g  b io c h e m ic a l  

p a th w a y s —th a t  i s .d e g r a d a t io n  p ro d u c ts ,  p r e c u r s o r s ,  o r  b y p r o d u c t s . If,,ix  **

-te trahydrocannab ino l ( a 9-THC) is the primary' p sycho ac t iv e  ingred ien t; 
depend ing  on the p a r t icu la r  p lan t , c i th e r TH C  or cannab id io l is the most 
abundan t cannab ino id  in m ar i ju ana  (F ig u re  1.1). Th roughou t th is report,
T H C  is used  to ind ica te  A t,-THC. In  the few  cases where var ian ts o f  TH C  
are d is c u s s e d ,  the fu l l  names are u sed . A l l  the cannab ino id s  are l ip o p h i l i c -  
they are h ig h ly  so lu b le  in fa t ty  f lu id s  and t is sue s but not in water. In deed , 
TH C  is so l ip oph i l ic  that it is ap t ly  d e sc r ib ed  as "g reasy ."

Throughout th is report, m a r i j u a n a  re fers to unpu r i f ie d  plant ex trac ts , 
in c lu d in g  le a ve s  and f lo w e r  top s , rega rd le ss  o f  how  they are co n sum ed-  
whe the r  b y  inges t ion  o r by sm ok in g .  Re fe rences to the e f fe c ts  o f  m ar i juana  
sho u ld  be underst(x>d to in c lu d e  the compos ite  e f fe c ts  o f  its va r iou s 
componen ts ; that is . the e f fe c ts  o f  TH C  are in c lu ded  among the e f fe c ts  o f  
m a r i ju ana , bu t not a l l the e f fe c ts  o f  m ar i ju ana  are nece ssa r i ly  due  to THC . 
D is c u s s io n s  conce rn ing  c a n n a b i n o i d s  re fer on ly  to those pa r t icu la r  
com pound s and not to the plant ex trac t . T h is  d is t in c t ion  is important; it is 
o f ten  b lu r red  o r exaggera ted .

C annab in o id s  are p roduced  in ep ide rm a l g lan d s  on the leaves (e sp ec ia l ly  
the upper ones) , s tem s , and the b rac ts that support the f low e rs  o f  the 
m a r i ju ana  p lant. A ltho ugh  the f lo w e r  i t s e l f  has no ep ide rm a l g lan d s , it has 
the h ighes t cannab ino id  conten t anywhere  on the p lan t, p robab ly  because  
o f  the a ccum u la t io n  o f  res in secre ted  by the support ing  brae teo le  (the sm a l l 
lea f- like  part b e low  the f low e r) . The amoun ts  o f  cann ab in o id s  and the ir 
r e la t iv e  abundance in a m a r i ju an a  plant va ry  w ith  g row in g  co nd i t io n s , 
in c lu d in g  h um id i t y ,  tempera ture , and so i l nu tr ien ts ( re v iew ed  in Pate,
1994 !). T he  ch em ica l s ta b i l i t y  o f  c annab ino id s  in harves ted  plant materia l 
is a lso  a f fe c ted  b y  m o is tu re , tempera tu re , su n l ig h t ,  and s to rage . They 
deg rade  under any sto rage cond it ion .

O R G A N I Z A T I O N  O F  T H E  R E P O R T

Throughou t the report, steps that m igh t be taken to f i l l  the gaps in 
unde rs tand ing  both the poten tia l harm s and b ene f i t s  o f  m a r i ju ana  and 
cannab ino id  use are id en t i f ie d . Tho se  steps in c lu de  id e n t i fy in g  know ledge  
g ap s , p rom is in g  research d ire c t io n s ,  and potentia l therap ies based on 
s c ie n t i f ic  ad van ce s  in cannab ino id  b io lo g y .

Chap ter 2 re v iew s  b a s ic  cannab ino id  b io lo g y  and p ro v ide s a founda t i 
to unders tand  the m ed ica l v a lu e  o f  m a r i ju ana  o r its const i tuen t 
can n ab in o id s .  In con s ide ra t ion  o f  the phys ic ian 's f ir s t ru le ,  " f irs t ,  do  no 
harm ," the potentia l harm s a ttr ibu ted  to the m ed ica l use o f  m ar i ju ana  are



r e v ie w e d  b e fo re  th e  p o te n tia l  m e d ic a l  b e n e f i t s .  Chapter 3 re v ie w s  th e  r is k s  
p o s e d  b y  m a r i ju a n a  u s e ,  w ith  e m p h a s is  o n  m e d ic a l  u se .

Chap te r 4 an a ly ze s  the mos t c re d ib le  c l in ic a l  data re levan t to the 
m ed ica l u se  o f  m ar i juana . It r e v iew s  w ha t is known  about the p h y s io lo g ica l 
m echan ism s u n de r ly in g  p a r t icu la r  co nd i t io n s  ( for e x am p le , ch ron ic  pa in , 
vom it in g ,  anorex ia , and m u sc le  sp a s t ic i ty ) ,  what is known  abou t the 
c e l lu la r  ac t ions o f  can n ab in o id s ,  and the le v e ls  o f  p roo f needed to show  
that m ar i ju ana  is an e f fe c t i v e  treatment fo r  sp ec i f ic  sym p tom s . It d o c s  not 
a n a ly ze  the h is to r ica l l i te ra tu re ; h is to ry  i s  in fo rm a t iv e  in enum era t in g  u ses 
o f  m a r i ju ana , bu t it do cs  not p ro v id e  the sort o f  in fo rm a t ion  needed fo r a 
s c ie n t i f i c a l ly  sound  e va lu a t io n  o f  the e f f ic a c y  and sa fe ty  o f  m a r i ju ana  fo r 
c l in ic a l  use . B ecause  m a r i ju ana  is ad vo ca ted  p r im a r i ly  as a f fo rd in g  r e l ie f  
from  the sym p tom s o f  d isea se  rather than as a cu re , th is  chap ter is 
o rgan ized  la rge ly  b y  sym p tom s as opposed to d isea se  ca tego r ie s . F in a l ly ,  
chap te r 4 compares the co n c lu s io n s  o f  th is  report w ith  those o f  o ther recent 
reports on the m ed ica l use  o f  m ar i juana .

Chapter 5 desc r ib e s  the p rocess o f  and an a ly ze s  the p rospects fo r 
cannab ino id  d rug  deve lopm en t .
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Cannabinoids and Animal Physiology
I N T R O D U C T I O N

M uch  has been lea rned s ince the p ub l ica t ion  o f  the 1982
In s t i tu te  o f  M e d ic in e  ( IO M ) report M a r i j u a n a  a n d  H e a l t h . '  
A lth o ugh  it w a s  c le a r  then that most o f  the e f fe c ts  o f  
m a r i ju an a  w ere  due  to its ac t ions on the b ra in , there w as 

l i t t le  in fo rm a t ion  about h ow  T H C  acted on bra in c e l l s  (neurons) , w h ich  
c e l l s  were a f fe c te d  b y  T H C , o r even  wha t genera l areas o f  the bra in were  
most a f fe c ted  b y  TH C . T oo  l i t t le  w a s  known  about cannab ino id  p h y s io lo g y  
to o f fe r  any s c ie n t i f i c  in s ig h ts  in to the h a rm fu l or therapeut ic e f fe c ts  o f  
m ar i ju ana . That is no lo n g e r  true. D u r in g  the past 16 yea rs ,  there have been 
m a jo r ad van ce s  in wha t b a s ic  sc ien ce  d is c lo se s  about the po ten t ia l m ed ica l 
bene f its  o f  c an n ab in o id s ,  the g roup  o f  com pounds re lated to TH C . M an y  
va r ian ts  are fo un d  in the m a r i ju an a  p lan t ,  and other cannab ino id s  not found 
in the p lant have  been c h em ic a l ly  s y n th e s iz e d .  S ix teen yea rs  ago it w as s t i l l  
a matte r o f  deba te  as to w he th e r  TH C  acted n o n sp e c i f ic a l ly  by  a f fe c t in g  the 
f lu id i t y  o f  c e l l  m em brane s or w he the r  a sp e c i f ic  pa thway o f  ac t ion  w as 
m ed ia ted  by a recep to r that re sponded s e le c t iv e ly  to TH C  ( I ab le  2.1).

B a s ic  sc ien ce  is the w e l ls p r in g  fo r  d e ve lo p in g  new  m ed ica t io n s  and is 
p a r t ic u la r ly  impo rtan t fo r u nde rs tand in g  a d rug  that has as m any e f fe c ts  as 
m ar i juana . E v en  com m it te d  ad vo ca te s  o f  the m ed ica l use o f  m ar i ju ana  do  
not c la im  that a l l the e f fe c ts  o f  m a r i ju an a  are d e s ira b le  for e v e ry  m ed ica l 
use . But they do  c la im  that the com b in a t ion  o f  sp ec i f ic  e f fe c ts  o f  m ar i juana  
enhances its m ed ic a l v a lu e .  An unde rs tand ing  o f  those sp e c i f ic  e f fe c ts  is 
wha t ba s ic  sc ien ce  can p ro v id e .  The m u lt ip le  e f fe c ts  o f  m a r i ju an a  c?n be 
s in g le d  out and s tu d ie d  w ith  the go a ls  o f  e v a lu a t in g  the m ed ica l v a lu e  o f  
mari ju ; na and can n ab in o id s  in sp e c i f ic  m ed ica l cond i t io n s , as w e l l  as 
m in im iz in g  unw an ted  s id e  e f fe c ts .  An unde rs tand ing  o f  the ba s ic  
m echan ism s th rough  w h ic h  can n ab in o id s  a f fe c t p h y s io lo g y  perm its more 
stra teg ic  de ve lopm en t o f  n ew  d ru g s  and d e s ign s  fo r c l in ic a l  t r ia ls  that are



Research  on cannab ino id  b io lo g y  o f fe rs  new  in s igh ts  in to c l in ic a l  u se . 
e sp e c ia l ly  g iv e n  the sca rc i ty  o f  c l in ic a l  s tu d ie s  that ad equ a te ly  e va lu a te  the 
m ed ica l v a lu e  o f  m a r i ju ana . F o r  e xam p le , desp ite  the sc a rc i ty  o f  
su b s tan t iv e  c l in i c a l  da ta , b a s ic  sc ience  has made it c le a r  that cannab ino id*  
can a f fec t pain t ran sm iss ion  and , s p e c i f i c a l ly ,  that c an n ab in o id s  in teract 
w ith  the bra in 's endogenous op io id  sy s tem , an importan t s y s tem  fo r  the 
m ed ica l treatment o f  pa in (see chap ter 4).

The c e l lu la r  m ach in e ry  that unde r l ie s  the response o f  the b o d y  and bra in 
to cannab ino id s  in v o lv e s  an in tr ica te  in te rp lay o f  d i f fe re i . ,  s y s tem s . T h is  
chapter r e v iew s  the componen ts o f  that m ach ine ry  w ith  enough  de ta i l to 
perm it the reader to compare wha t is known abou f ba s ic  b io lo g y  w ith  the 
m ed ica l uses proposed fo r  m a r i ju ana . Fo r some readers that w i l l  be too 
much de ta i l .  T ho se  readers w ho  do not w is h  to read the en t ire  chapter 
sh o u ld , none the le ss , be m in d fu l  o f  the fo l lo w in g  k e y  po in ts in th is  chapter:

• The m os t f a r  reach ing o f  the recent ad vance s  in cannab ino id  b io lo g y  
are the id en t i f ic a t ion  o f  tw o  types o f  cannab ino id  receptors (CB| and 
C B 2) and o f  anandam ide , a subs tance  n a tu ra l ly  p roduced  by  the 
body  that ac ts  at the cannab ino id  recep tor and has e f fe c ts  s im i la r  to 
those o f  TH C . The CB j receptor is found p r im a r i la u in  the brain and 
m ed ia te s the p sy cho lo g ic a l e f fe c ts  o f  TH C . The C B 2 recep tor is 
assoc ia ted  w ith  the im m une  sy s tem ; its ro le rem a in s  unc lea r .

• The ph y s io lo g ic a l ro le s o f  the bra in cannab ino id  sy s tem  in humans 
are the su b je c t  o f  m uch  a c t iv e  research and are not f u l l y  known ; 
how eve r ,  c annab ino id s  l ik e ly  have a natura l ro le  in pain m odu la t io n , 
contro l o f  m ovem en t ,  and m em ory .

• A n im a l research has shown  that the potentia l fo r cannab ino id  
dependence  e x is t s ,  and cannab ino id  w ith d raw a l s ym p tom s can be 
ob se rved . H ow eve r ,  both appear to be m i ld  compared  to dependence 
and w ith d raw a l seen w ith  other d rug s .

• B as ic  research in cannab ino id  b io lo g y  has revea led  a va r ie ty  o f  
c e l lu la r  p a thw ays th rough  w h ich  po ten t ia l ly  therapeut ic  d ru g s  co u ld  
act on the cannab ino id  sy s tem . In  add it ion  to the known 
can nab in o id s .  such d ru g s  m igh t in c lu de  ch em ica l d e r iv a t iv e s  o f  
p lan t-der ived  cannab in o id s  or o f  endogenous can nab in o id s  such  as 
anandam ide  but w ou ld  a lso  in c lu de  noncannab ino id  d ru g s  that act on 
the cannab ino id  sy s tem .

T h is  chap te r sum m a r iz e s  the ba s ic s  o f  cannab ino id  b io lo g y—as known 
today . It thus p ro v id e s  a s c ie n t i f ic  ba s is  fo r  in terp re t ing c la im s  founded  on 
anecdotes and fo r e va lu a t in g  the c l in ic a l s tu d ie s  o f  m a r i ju ana  p resented in
c h a p te r  4 .

most likely to yield conclusive results.

The Value of Anim al Studies



M uch  o f  the research in to the e f fe c ts  o f  cannab ino id s  on the bra in  is 
based  on an im a l s tud ie s .  M an y  speakers at the p ub l ic  w o rk shop s assoc ia ted  
w ith  th is s tu d y  a rgued that an im a l s tud ie s o f  m ar i juana  are not re levan t to 
humans . A n im a l s tud ie s  are not a sub s t i tu te  fo r  c l in ic a l  t r ia ls ,  but they are a 
necessa ry com p lem en t .  U l t im a te ly ,  e ve ry  b io lo g ic a l ly  a c t iv e  sub s tance  
exe rts its e f fe c ts  at the c e l lu la r  and m o le c u la r  le v e ls ,  and the e v id en ce  has 
shown  that th is  is rem a rkab ly  cons is ten t among m am m a ls ,  e ven  those as 
d if fe ren t in bo dy  and m in d  as rats and humans . A n im a l s tu d ie s  ty p ic a l ly  
p ro v id e  in fo rm a t ion  about how  d ru g s  wo rk  that w ou ld  not be ob ta in ab le  in 
c l in i c a l  s tu d ie s .  A  the same t im e , an im a l s tud ie s  can neve r in fo rm  us 
com p le te ly  about the fu l l  range o f  p sy cho lo g ica l and p h y s io lo g ic a l e f fec ts 
o f  m a r i ju ana  o r cannab ino id s  on humans .

T h e  A c t i v e  C o n s t i t u e n t s  o f  M a r i j u a n a

-̂ '; -THC and -i S -THC are the o n ly  compounds in the m ar i ju ana  p lant 
that p roduce a l l  the p sycho ac t iv e  e f fe c ts  o f  m ar i juana . B ecau se  ^ y-THC is 
m uch  more abundan t than ^ S-THC, the p sy cho ac t iv i ty  o f  m a r i ju ana  has 
been a tt r ib u ted  la rge ly  to the e f fe c ts  o f  *^-THC . 1 1-OH- ^ g -THC is the 
p r im a ry  p roduc t o f  A y -THC m e tabo l ism  by the l iv e r  and is about three 
t im es as potent as ^ g-TH C . i : s

There have  been co n s id e ra b ly  f ew e r  exper im en ts w ith  cannab in o id s
o ther than ^ lJ-THC, a lthough  a few  s tud ie s  have been done to exam ine  
whe the r o ther cannab ino id s  m odu la te  the e f fe c ts  o f  TH C  or m ed ia te  the 
nonp sycho lo g ic a l e f fe c ts  o f  m ar i juana . C annab id io l (CBD ) does not have 
the sam e p sy ch o a c t iv i ty  as TH C , bu t it was in i t ia l ly  reported to attenuate 
the p sy cho lo g ic a l response to T H C  in h um an s ; '  -l h ow eve r ,  la te r s tud ie s
reported that C B D  d id  not attenuate the p sy cho lo g ica l e f fe c ts  o f  T H C .11 ’
One doub le-b l in d  s tudy  o f  e igh t vo lun tee rs  reported that C B D  can b lo ck
the anx ie ty  in du ced  by  h igh  doses o f  TH C  (0.5 mg/kg) .1 There  are 
num erous anecdo ta l reports c la im in g  that m ar i ju ana  w ith  re la t iv e ly  h igher 
ra t io s o f  T H C :C B D  is less l ik e ly  to induce  anx ie ty  in the user than 
m a r i ju ana  w ith  low  T H C :C B D  ratios; but, taken toge ther , the re su lts  
p u b l ish ed  th u s  fa r  are in co n c lu s iv e .

The most important e f fe c t  o f  C B D  seems to be its in te rfe rence  w ith
d ru g  m e ta b o l ism , in c lu d in g  ^ 9-THC m e tabo l ism  in the l iv e r .  '• 1 It 
exe r ts  that e f fe c t  b y  in a c t iv a t in g  cy to ch rom e P450s. w h ich  are the most 
importan t c la s s  o f  e n zym e s  that m e tabo l iz e  d rug s . L ik e  m any  P450
inac t iva to rs .  C B D  can a lso  induce  P450s a f te r repeated doses .
E xp e r im en ts  in w h ich  m ice  were treated w ith  C B D  fo l lo w e d  by  TH C  
show ed  that C B D  treatment was assoc ia ted  w ith  a sub s tan t ia l increase in 
b ra in  concen tra t ion s o f  TH C  and its m a jo r  m e tabo l i te s ,  most l ik e ly  because
it decreased  the rate o f  c lea rance  o f  TH C  from  the body .

In m ic t ,  T H C  inh ib i t s  the re lease  o f  lu te in iz in g  ho rmone , the pituitary' 
ho rmone that t r ig ge rs  the re lease o f  testosterone from  the testes; th is e ffec t



0

C a n n a b in o l  a ls o  lo w e rs  b o d y  te m p e ra tu re  a n d  in c r e a s e s  s le e p  d u ra t io n

in m i c e .1 ' It is co n s id e ra b ly  le s s  a c t iv e  than TH C  in the b ra in , but s tud ie s  
o f  im m une  c e l l s  have shown that it can  modu la te  im m une  fun c t io n  (see 
"C annab ino id s and the Im m un e  S ys tem " la ter in th is  chapter) .

T h e  P h a r m a c o l o g i c a l  T o o l b o x

A  researcher needs certa in  k e y  too ls  in o rde r to unders tand  how  a d rug  
acts on the b ra in . T o  appreciate the importance o f  these to o ls ,  one m ust 
f ir s t  unders tand  some bas ic  p r in c ip le s  o f  d ru g  ac t ion . A l l  recent s tu d ie s
have ind ica ted  that the b eha v io ra l e f fe c ts  o f  TH C  are recep to r m ed ia te d . : 
N eurons in the b ra in  are a c t iv a te d  when a com pound  b in d s  to its recep tor, 
w h ich  is a prote in typ ic a l ly  loca ted on the c e l l  su r fa ce . T h u s ,  T H C  w i l l  
exert its e f fe c ts  o n ly  after b in d in g  to i ts  receptor. In  g ene ra l,  a g iv en  
receptor w i l l  accept on ly  p a r t ic u la r  c la s se s  o f  com pounds and w i l l  be 
una ffec ted  by  o the r compounds .

C om pound s that ac t iva te  receptors are ca l le d  a g o n i s t s .  B in d in g  to a 
recep tor tr igge rs  an event or a ser ies o f  even ts  in the ce l l that re su l t s  in a 
change in the ce l l 's  a c t i v i t y ,  its gene regu la t io n , or the s ig n a ls  that it sends 
to ne ighbo r ing  c e l l s  (F ig u re  2.1). T h is  agon is t- induced  process is  c a l le d  
s igna l tran sduc t ion .

Another set o f  too ls fo r  d rug  research , w h ich  became a v a i la b le  on ly  
re cen t ly  for cannab ino id  re sea rch , are the r e c e p t o r  a n t a g o n i s t s , so-ca l led  
becau se  they se le c t iv e ly  b in d  to a recep tor that w o u ld  have o the rw ise  been 
a v a i la b le  fo r b in d in g  to som e o the r com pound  or d ru g .  A n tagon is ts  b lo ck  
the e f fe c ts  o f  agon is ts  and are too ls  to id en t i fy  the fun c t io n s  o f  a receptor 
b y  show ing  wha t happens when its norma l fun c t io n s  are b lo c k e d .  A gon is ts  
and an tagon is ts  are both l i g a n d s ; that is ,  they b ind  to receptors . H ormones , 
neu ro tran sm it te rs , and d rug s  can a l l act as l ig and s . M o rph in e  and na loxone 
p rov ide  a good exam p le  o f  how agon is ts  and an tagon is ts  in terac t . A la rge 
do se  o f  morph ine  acts as an agon is t at op io id  receptors in the b ra in  and 
in te rfe res w ith ,  or even  a rrests , b rea th ing . N a lo xone , a pow e r fu l op io id  
an tagon is t ,  b lo c k s  morphine's e f fe c ts  on opiate receptors , the reby a l lo w in g  
an w erdo se  v ic t im  to re sume brea th ing n o rm a l ly .  N a lo xone  i t s e l f  has no 
e f fe c t  on b rea th ing .

Ano ther key  tool in vo lv e s  id en t i f y in g  the recep to r prote in and 
d e te rm in ing  how  it w o rk s .  That m akes it po ss ib le  to locate where  a d rug  
ac t iva te s  its recep to r in the b ra in - bo th  the genera l reg ion o f  the bra in and 
the ce l l  type where  the receptor is loca ted . The w ay  to f in d  a receptor fo r a 
d ru g  in the b ra in  is to make the recep tor " v is ib le "  b y  a t tach ing  a 
rad io ac t iv e  or f luo re scen t m a rke r  to the d rug . Such m arke rs  show  where in 
the bra in a d ru g  b in d s  to the receptor, a lthough  th is is  not n e c e s sa r i ly  the 
part o f  the b ra in  where the d rug  u l t im a te ly  has its g rea test e f fe c ts .

B ecause  d ru g s  in jected  in to  an im a ls  m ust be d is so lv e d  in a water-based 
so lu t io n ,  it is e a s ie r  to d e l i v e r  wa te r- so lub le  m o le c u le s  than to d e l i v e r  fat-

is increased when THC is given with cannabinol or CBD.



s o lu b le  ( l ip o p h i l ic )  m o le c u le s  s u c h  a s  T H C . T H C  is so  l ip o p h il ic  th a t  it c a n  
s tic k  to  g la s s  a n d  p la s t ic  s y r in g e s  u s e d  fo r  in je c t io n .  B e c a u s e  it is 
l ip o p h i l ic ,  it  r e a d i ly  e n te r s  c e l l  m e m b ra n e s  a n d  th u s  c a n  c ro s s  th e  b lo o d  
b ra in  b a r r ie r  e a s i ly .  (T h is  b a r r i e r  in s u la te s  th e  b ra in  f ro m  m a n y  b lo o d -  
b o rn e  s u b s ta n c e s .)  E a r ly  c a n n a b in o id  r e s e a rc h  w a s  h in d e re d  b y  th e  la c k  o f  
p o te n t  c a n n a b in o id  l ig a n d s  ( T H C  b in d s  to  its  c a n n a b in o id  re c e p to rs  r a th e r  
w e a k ly )  a n d  b e c a u s e  th e y  w e re  n o t r e a d ily  w a te r  s o lu b le .  T h e  s y n th e t ic  
a g o n is t  C P  5 5 ,9 4 0 . w h ic h  is m o re  w a te r  s o lu b le  th a n  T H C , w a s  th e  f ir s t  
u se fu l  re s e a rc h  to o l  fo r  s tu d y in g  c a n n a b in o id  r e c e p to r s  b e c a u s e  o f  i ts  h ig n  
p o te n c y  a n d  a b i l i ty  to  b e  la b e le d  w ith  a  r a d io a c t iv e  m o le c u le ,  w h ic h  
e n a b le d  r e s e a r c h e r s  to  t ra c e  its  a c t iv i ty .

C A N N A B I N O I D  R E C E P T O R S

The cannab ino id  receptor is  a typ ica l m em be r o f  the la rgest known 
fam i ly  o f  receptors: the G p ro te in-coup led  receptors w ith  the ir d is t in c t iv e  
pattern in w h ich  the receptor m o le c u le  spans the c e l l  m em brane seven 
t im es ( F ig u re  2.2). For e x ce l le n t  recent re v iew s  o f  cannab ino id  receptor
b io lo g y ,  see C h i ld e r s  and B re iv o g e l , '  A bood  and M a r t in ,1 F e ld e r  and
G la s s ,4 - and Pert w e e .1"4 C annab ino id  receptor l ig and s  b in d  r e v e r s i b l y  
(they b ind  to the recep to r b r ie f ly  a H  then d is so c ia te )  and s t e r e o s e l e c t i v e l y  
(when there are m o le cu le s  that are n :rror im ages o f  each other, on ly  one 
ve rs io n  ac t iva te s  the receptor). Thu s fa r .  tw o  cannab ino id  receptor sub types 
(CB | and C B 2) have  been id en t i f ie d ,  o f  w h ich  o n ly  CB  | is found in the 
bra in .

T he  ce l l  responds in a va r ie ty  o f  w a y s  when a l ig and  b in d s  to the 
cannab ino id  recep tor (F ig u re  2.5). T he  f ir s t step is a c t iva t ion  o f  G prote ins, 
the f irs t  componen ts o f  the s ig n a l t ran sduc t ion  pa thw ay . That leads to 
changes in seve ra l in t ra c e l lu la r  com ponen ts—such  as c y c l i c  A M P  and 
c a lc ium  and po ta ss ium  io n s—w h ic h  u l t im a te ly  produce the changes in ce l l 
fun c t io n s . T he  f in a l re su lt  o f  cannab ino id  recep tor s t im u la t ion  depends on 
the p a r t ic u la r  type o f  c e l l ,  the p a r t ic u la r  l ig a n d , and the o ther m o le cu le s  
that m igh t be compe t ing  fo r  recep tor b in d in g  s ite s . D if fe ren t agon is ts  vary 
in b in d in g  p o t e n c y , w h ich  de te rm ines  the e f fe c t iv e  dose o f  the d rug , and 
e f f i c a c y ,  w h ich  de te rm ines the m ax im a l strength o f  the s ig n a l that they 
t ran sm it to the c e l l .  The potency and e f f ic a c y  o f  TH C  are both r e la t iv e ly  
low e r  than those o f  some syn the t ic  c annab ino id s ; in fac t , syn the t ic  
com pounds are g en e ra l ly  more potent and e f f ic a c io u s  than endogenous 
agon is ts .

CB  | recep tors are ex t rao rd in a r i ly  abundan t in the b ra in . They are more 
abundan t than most other G  pro te in-coup led  receptors and 10 t im es more 
abundan t than m u  op io id  recep to rs , the receptors re spon s ib le  fo r  the e f fec ts
o f  m o rp h in e .1

The cannab ino id  recep tor in the bra in  is  a prote in re ferred to as C B  |.
The per iphera l recep tor (ou ts ide  the n e rvous sy s tem ) , C B 2, is most 
abundan t on c e l l s  o f  the im m une  sy s tem  and is not g en e ra l iy  found in the



bra in . A l th o ugh  no o ther recep to r sub types have  been id e n t i f ie d ,  there 
is  a gene t ic  va r ian t k n ow n  as C B  j A  (such va r ian ts  are som ewha t d if fe ren t 
p ro te in s that have been p roduced  b y  the same genes v ia  a l te rna t ive  
p rocess ing ) . In  some ca se s ,  p ro te in s p roduced  v ia  a l te rn a t iv e  sp l ic in g  have  
d if fe ren t e f fe c ts  on c e l l s .  I t  is not ye t known  whe the r  there are any 
fun c t io na l d i f fe re n ce s  be tween the tw o , but the s tru c tu ra l d i f fe ren ce s  ra ise 
the p o s s ib i l i t y .

C B j  and C B 2 are s im i la r ,  bu t not as s im i la r  as m em be rs  o f  m any o the r 
recep tor fam i l ie s  are to each other. On the b a s is  o f  a compar ison  o f  the 
sequence  o f  am ino  a c id s  that m ake  up the recep tor p ro te in , the s im i la r i t y  o f  
the CB  | and C B 2 recep to rs is  44% (F ig u re  2.2). The d i f fe ren ce s  be tw een  
the tw o  receptors ind ica te  that it sh o u ld  be po ss ib le  to de s ign  therapeut ic  
d ru g s  that w o u ld  act o n ly  on one o r  the other recep to r and thus w ou ld  
a c t iva te  o r attenuate (b lo ck )  the appropria te cannab ino id  recep tors . T h is  
o f fe r s  a p ow e r fu l method fo r  p roduc in g  b io lo g ic a l ly  se le c t iv e  e f fe c ts .  In 
sp ite  o f  the d i f fe ren ce  be tw een  the receptor sub type s , most cannab ino id
com pound s b in d  w ith  s im i la r  a f f in i ty*  to both CB| and C B 2 receptors. One 
excep tion  is the p lan t-der ived  com pound  C B D , w h ich  appears to have 
g rea te r b in d in g  a f f in i t y  fo r C B 2 than fo r  CB  j 1 * a lthough  ano ther research
g roup  has fa i le d  to sub s tan t ia te  that o b s e r v a t io n .1 " O ther excep tions 
in c lu de  the syn the t ic  com pound  W IN  552212-2. w h ich  show s g rea ter 
a f f in i ty  fo r C B 2 than CB  j , and the endogenous l ig an d s ,  anan-dam ide and
2-A G , w h ich  show  g rea te r a f f in i t y  fo r C B  | than C B 2. ! The  search fo r 
com pound s that b ind to o n ly  one o r the other o f  the cannab ino id  recep to i 
types has been under w a y  fo r  seve ra l yea rs and has y ie ld e d  a num ber o f  
com pound s that are u se fu l research too ls and have  poten tia l fo r m ed ica l 
u se .

C annab ino id  receptors have been s tud ied  most in ve r teb ra te s , su ch  as 
rats and m ice . H ow eve r , they are a lso  found in in ve r teb ra te s , such as
leeches and m o l lu s k s .1 " T he  e vo lu t io n a ry  h is to ry  o f  ve rteb ra te s and 

© i999th*Nanonai Academy or soencei in ve r teb ra te s d iv e rg e d  more than 500 m i l l io n  yea rs  ago , so cannab ino id
receptors appear to have  been con se rved  th roughout e vo lu t io n  at least th is 
lo ng . T h is  sugges ts  that they se rve an important and ba s ic  func t ion  in 
an im a l p h y s io lo g y .  In gene ra l ,  c annab ino id  receptor m o le c u le s  are s im i la r
am ong d if fe ren t s p e c ie s .1*'1 T h u s ,  cannab ino id  recep tors l ik e ly  f i l l  m any 
s im i la r  fun c t io n s  in a b road  range o f  a n im a ls ,  in c lu d in g  humans.

T H E  E N D O G E N O U S  C A N N A B I N O I D  S Y S T E M

Fo r any d rug  fo r w h ich  there is a receptor, the lo g ic a l ques t ion  is .  "W hy  
does this recep to r ex is t? " The  short a n sw e r  is that there is p robab ly  an 
endogenous agon is t (that i s ,  a com pound  that is n a tu ra l ly  p roduced in the 
b ra in) that acts on that receptor. The long an sw e r  beg in s  w ith  a search fo 
such  com pounds in the area o f  the b o dy  that p roduces the receptors and 
ends w ith  a de te rm ina t ion  o f  the na tu ra l fun c t ion  o f  those com pounds . So 
fa r , the search has y ie ld e d  seve ra l endogenous com pound s that b ind



a n a n d a m id e ' a n d  a ra c h id o n y l  g ly c e ro l  ( 2 - A G ) . |n  H o w e v e r ,  th e i r  
p h y s io lo g ic a l  ro le s  a re  n o t  y e t  k n o w n .

In i t i a l l y ,  the search fo r  an endogenous cannab ino id  w a s based  on the 
p rem ise  that its c h em ica l s tru c tu re  w o u ld  be s im i la r  to that o f  TH C ; that 
was reasonab le , in that it w a s re a l ly  a search for another "key" that w o u ld  
f it in to  the cannab ino id  recep to r "keyho le ,"  thereby a c t iva t in g  the c e l lu la r  
m essage sy s tem . One o f  the in t r ig u in g  d is co ve r ie s  in cannab ino id  b io lo g y  
was how  c h em ic a l ly  d if fe ren t TH C  and anandam ide are. A  s im i la r  search 
for endogenous op io id s  (endorph ins) a lso  revea led  that the ir ch em ica l 
s tructu re is ve ry  d i f fe re n t  f rom  the p lant-derived op io id s ,  op ium  and 
morph ine .

Fu r the r research has un co ve red  a va r ie ty  o f  com pounds w ith  qu ite  
d if fe ren t ch em ica l s tru c tu re s that can ac t iva te  cannab ino id  receptors (T ab le  
2.2 and F igu re  2.4). It is  not ye t know n  exa c t ly  how  anandam ide  and TH C  
b ind  to cannab ino id  receptors . K now in g  th is shou ld  perm it more p rec ise  
des ign  o f  d ru g s  that s e le c t iv e ly  a c t iva te  the endogenous cannab ino id  
sy s tem s .

A n a n d a m i d e

The f irs t endogenous cannab in o id  to be d iscove red  w a s  a rach idony l-  
e thano lam ine , named anandam ide  f rom  the Sanskr it w o rd  a n a n d a ,  mean ing  
"b l is s ."  v  Com pared  w ith  T H C , anandam ide  has on ly  modera te  a f f in i t y  for 
CB  | recep tor and is rap id ly  m e ta bo l iz e d  b y  am idases (en zym es that remove 
am ide  groups) . D esp ite  its short du ra t ion  o f  ac t ion , anand-am ide shares
most o f  the pha rm aco lo g ica l e f fe c ts  o f  TH C . Rap id  degrada t ion  o f  
a c t ive  m o le cu le s  is  a fea ture o f  neu ro transm itte r sy s tem s that a l lo w s  them 
contro l o f  s igna l t im in g  b y  regu la t in g  the abundance o f  s ig n a l in g  
m o le cu le s .  It c rea tes p rob lem s fo r  in terp re t ing the re su lts  o f  m any 
exper im en ts and m igh t exp la in  w h y  i n  v i v o  s tud ie s w ith  anandam ide  
in jec ted  into the bra in  have  y ie ld e d  co n f l ic t in g  resu lts .

A nandam ide  appears to have  both cen tra l (in the brain) and periphera l 
( in the rest o f  the body) e f fe c ts .  The prec ise neuroanatom ica l lo ca l iza t io n  
o f  anandam ide  and the e n z ym e s  that syn th e s ize  it are not yet know n . Th is  
in fo rm at ion  w i l l  p ro v id e  e s sen t ia l c lu e s  to the natura l ro le  o f  anan-dam ide 
and an unde rs tand ing  o f  the b ra in  c i r c u i t s  in w h ich  it is a neuro transm itte r . 
The importance o f  k n ow in g  sp e c i f ic  b ra in  c ircu i ts  that in vo lv e  anandam ide  
(and o ther endogenous c annab in o id  l ig ands)  is that such c i r c u i t s  are the 
p ivo 'a l e lem en ts  f o r  regu la t in g  sp e c i f ic  brain func t ion s , such as mood , 
m em o ry , and co gn i t io n . A n an d am id e  has been found in num erou s reg ions 
o f  the human bra in : h ippocam pus (and parah ippocampic co rtex) , s tr ia tum , 
and ce reb e l lum ; bu t it has not been p re c ise ly  iden t i f ied  w ith  sp ec i f ic  
neurona l c i rcu i t s .  CB| recep tors are abundan t in these reg ion s , and th is 
fu r the r im p l ie s  a p h y s io lo g ic a l ro le  fo r  endogenous cannab ino id s  in the 
bra in fun c t io n s  co n tro l le d  b y  these areas. B u t substan t ia l concen tra t ion s o f  
anandam ide  are a lso  found  in the th a lam u s , an area o f  the bra in that has

selectively to cannabinoid receptors. The best studied of them are



relatively few CB ( receptors.

Anandam ide  has a l s c  been fo un d  ou ts ide  the bra in . It has been found  in 
sp leen t is su e , w h ich  a lso  has h igh  concen tra t ions o f  C B 2 recep to rs , and
sm a l l  am oun ts  have been de tec ted  in heart t is su e .44

In gene ra l ,  the a f f in i t y  o f  anandam ide  fo r cannab ino id  recep tors is on ly  
one-fourth to  one-ha lf  that o f  T H C  (see T ab le  2.3). The d if fe ren ce s  depend 
on the c e l l s  o r  t is sue  that are tested  and on the exper im en ta l cond i t io n s ,
su ch  as the b in d in g  a ssa y  used ( re v iew ed  by  P e r tw ee1*4).

The m o le c u la r  s tru c tu re  o f  an andam ide  is r e la t iv e ly  s im p le ,  and it can 
be fo rm ed  from  a rach idon ic  ac id  and e thano la in ine . A ra ch idon ic  ac id  is  a 
com m on p recu rso r o f  a g roup  o f  b io lo g ic a l ly  ac t ive  m o le cu le s  known  as
e ico sano id s ,  in c lu d in g  p ro s ta g la n d in s . ' A lthough  anandam ide  can be 
syn th e s iz e d  in a va r ie ty  o f  w a y s ,  the p h y s io lo g ic a l ly  re levan t pa thway 
seem s to be th rough en zym a t ic  c le a v a g e  o f  N-arach idony l-phosphatidy l- 
e thano lam ine  (N A PE ) ,  w h ich  y ie ld s  anandam ide  and phosphat id ic  ac id
( re v iew ed  b y  C h i ld e r s  and B re ivoge l*  ).

A nandam ide  can be in a c t iva te d  in the bra in v ia  tw o  m echan ism s . In one 
it is e n z ym a t ic a l ly  c le a v e d  to y ie ld  a rach idon ic  ac id and ethanolam ine--the 
reverse o f  what was in i t ia l l y  proposed as its p r im ary mode o f  syn the s is .  In 
the other it is in a c t iva ted  th rough neurona l up take—that is , b y  be ing  
transported in to  the neu ron , w h ich  p reven ts its con tinu ing  a c t iva t ion  o f  
ne ighbo r in g  neurons.

O t h e r  E n d o g e n o u s  A g o n i s t s

Severa l o t i ie r  endogenous com pound s that are c h em ic a l ly  re la ted  to 
anandam ide  and  that b in d  to cannab ino id  receptors have  been d is co v e re d .
one o f  w h ich  is  2-A G .MIN 2-A G  is c lo s e ly  re lated to anandam ide  and is 
e ven  more abundan t in the b ra in . A t the t im e o f  th is w r i t in g ,  a l l known  
endogenous cannab ino id  recep to r agon is ts  ( in c lud ing  anandam ide) were 
e ico sano id s , w h ich  are a ra ch idon ic  ac id  m etabo lite s . A rach id on ic  ac id  (a 
free fa tty  ac id ) is re lea sed  v ia  h y d ro ly s is  o f  membrane phospho lip id s .

O ther, none ico sano id , com pound s that b ind cannab ino id  recep tors have 
re ce in ly  been iso la ted  f rom  bra in t is su e , bu t they have not been id en t i f ie d , 
and their b io lo g ic a l e f fe c ts  are unde r in ve s t ig a t ion . T h is  is a fa s t-m ov ing  
f ie ld  o f  re sea rch , and no re v iew  o v e r  s ix  months o ld w i l l  be f u l l y  up to 
date .

The endogenous com pound s  that b ind to cannab ino id  receptors p robab ly  
perform a b road range o f  natura l fu n c t io n s  in the b ra in . Th is  neura l 
s ig n a l in g  sy s tem  is r ich  and com p le x  and has m any sub t le  va r ia t io n s , m a r” ' 
o f  w h ich  awa it d is c o v e ry .  In the next few  years much more w i l l  probably 
be known abou t these n a tu ra l ly  o ccu r r in g  cannab ino id s .

S om e e ffe c ts  o f  can n ab in o id  ag o n is ts  are  recep to r in d ep en d en t. F or



e xam p le ,  both T H C  and C B D  can be neu rop ro tcc t ive  th rough the ir 
a n t io x id a t iv e  a c t iv i t y ;  that is .  they can reduce the to x ic  fo rm s  o f  o x ygen
that are re leased  w hen  c e l l s  are unde r s t r e s s .54 O ther l i k e ly  exam p le s  o f  
receptor- independent c ann ab in o id  a c t iv i t y  are m odu la t io n  o f  a c t iv a t io n  o f  
m em brane-bound e n zym e s  (such as ATPase ) , a ra ch idon ic  a c id  re le a se , and 
perturba t ion o f  m em brane  l ip id s .  An importan t cau t ion  in in terp re t ing those 
reports is  that concen tra t ion s o f  1 i lC  o r  C B D  used in c e l lu la r  s tu d ie s ,  such 
as these , are g e n e ra l ly  m uch  h igh e r  than the concen tra t ion s o f  TH C  o r 
C B D  in the b o d y  that w o u ld  l i k e ly  be , 'ch ieved  by sm o k in g  m a r i ju ana .

N o v e l  T a r g e t s  f o r  T h e r a p e u t i c  D r u g s

D rugs that a lte r  the na tu ra l b io lo g y  o f  anandam ide  o r o the r endogenous 
cannab ino id s  m igh t  have  therapeut ic  u se s (T ab le  2.4). Fo r  e xam p le , d ru g s  
that s e le c t iv e ly  inh ib i t  neurona l up take o f  anandam ide  w o u ld  increase the 
brain's ow n  na tu ra l c an n ab in o id s ,  the reby m im ic k in g  som e o f  the e f fe c t s  o f  
TH C . A n um be r  o f  ’mportan t p sycho therapeu t ic  d ru g s  act b y  in h ib i t in g  
neu ro tran sm it te r  up take . Fo r e xam p le , an t idep ressan ts l ik e  f luo xe t in e  
(Prozac) in h ib i t  sero ton in  up take and are known as se le c t iv e  sero ton in 
reup take in h ib i to r s ,  o r  S S R Is .  A no the r w a y  to a lte r le v e l s  o f  endogenous 
can nab in o id s  w o u ld  be to d e ve lo p  d ru g s  that act on the e n z ym e s  in v o lv e d  
in anandam ide  sy n th e s is .  Some an t ih ype r ten s ive  d ru g s  w o rk  b y  in h ib i t in g  
e n zym e s in v o lv e d  in the syn th e s is  o f  endogenous hyp e r ten s iv e  agents . Fo r 
e xam p le , an t i- convert ing  e n zym e  (A C E )  inh ib i to rs  are u sed  in hype rten s ive  
patients to in terfe re w ith  the co n ve r s io n  o f  ang io ten s in  I .  w h ich  is in a c t ive , 
to the a c t ive  ho rm one , ang io ten s in  I I .

S I T E S  O F  A C T I O N

C annab in o id  recep to rs are p a r t ic u la r ly  abundant in som e areas o f  the 
b ra in . The no rma l b io lo g y  and b eh av io r  assoc ia ted  w ith  these bra in  areas 
are cons is ten t w ith  the b eha v io ra l e f fe c ts  p roduced b y  can nab in o id s  (T ab le  
2.5 and F igu re  2.5). T he  h ighest recep to r den s i ty  is fo und  in c e l l s  o f  the 
basa l g a n g l ia  that p ro jec t lo c a l ly  and to other bra in  reg ion s . The se  c e l l s  
in c lu de  the sub s tan t ia  n ig ra  pars re t ic u la ta , en topedun cu la r  n u c le u s ,  and 
g lo b u s  p a l l id u s ,  reg ion s that are g en e ra l ly  in vo lv e d  in co o rd in a t in g  bo dy  
m ovem en ts . Pat ien ts w ith  Park in son 's o r Hun ting ton 's d is e a se  »end to have  
impa ired  fun c t io n s  in these reg ion s .

CB| recep to rs are a lso  abundan t in the pu tamen , part o f  the re la y  sy s tem  
w ith in  the basa l g a n g l ia  that regu la te s  b o dy  m ovem en ts ; the c e re b e l lum , 
w h ich  coo rd in a te s b o d y  m ovem en ts ; the h ippocam pus , w h ich  is in v o lv e d  
in lea rn in g , m em o ry ,  and response to stress; and the ce reb ra l co r te x , w h ich  
is conce rned  w ith  the in tegra t ion  o f  h igh e r  co gn i t iv e  fun c t io n s .

CB| recep tors are fo un d  on v a r io u s  parts o f  neu ron s , in c lu d in g  the
axon , ce l l  b o d ie s ,  t e rm in a ls ,  and d end r i te s .  ' * D end r i te s  are g en e ra l ly  
the " re ce iv in g "  part o f  a neu ron , and  receptors on axons o r c e l l  bod ie s  
g en e ra l ly  m odu la te  o th e r  s ig n a ls .  A xo n  te rm ina ls  are the "send ing" part o f  
the neuron .



Cannab ino id s  tend to inh ib i t  n eu ro tran sm iss ion , a lthough the re su lts  are 
som ewha t v a r ia b le .  In some ca se s , cannab ino id s  d im in ish  the e f fe c ts  o f  the
inh ib i to ry  n cu ro tran sm it te r , g-am inobu ty r ic  ac id  (G A B A ) ; '44 in other
ca se s , c annab ino id s  can augmen t the e f fe c ts  o f  G A r  \. 0 T he  e f fe c t o f  
a c t iva t in g  a recep to r depends on where it is  found on the neuron: i f  
c annab ino id  receptors are presynaptic (on the "send ing" s ide  o f  the 
synapse) and in h ib i t  the re lease o f  G A B A .  cannab ino id s  w o u ld  d im in ish  
G A B A  e ffec ts ; the net e f fe c t w ou ld  be s t im u la t io n . H ow eve r ,  i f  
cannab ino id  receptors are pos tsynap tic  (on the " re ce iv in g "  s id e  o f  the 
synapse) and  on the same ce l l as G A B A  receptors , they w i l l  p robab ly  
m im ic  the e f fe c ts  o f  G A B A ;  in that ca se , the net e f fe c t w o u ld  be
in h ib i t io n .120’ '44-'™

CB  | is the p redom inan t bra in cannab ino id  receptor. C B 2 recep tors have 
not g en e ra l ly  been fo und  in the b ra in , but there is one iso la ted  report 
su gge s t in g  some in mouse  c e r e b e l lu m .1 " C B 2 is found p r im a r i ly  on ce l ls  
o f  the im m une sy s tem . CB| receptors are a lso  found in im m une  ce l l s ,  but 
C B 2 is  co n s id e ra b ly  more abundant there (T ab le  2 A) ( re v iew ed  by
Kaminski8" in 1998).

A s can be apprec ia ted in the next sec t ion , the presence o f  cannab ino id  
sy s tem s in k e y  b ra in  reg ions is s t rong ly  tied to the func t ion s and patho logy 
a ssoc ia ted  w ith  those reg ions . The c l in ic a l va lu e  o f  cannab ino id  sy s tem s is 
best unde rs tood  in the contex t o f  the b io lo g y  o f  these bra in reg ions .

C A N N A B I N O I D  R E C E P T O R S  A N D  B R A I N  F U N C T I O N S

M o to r  E f f e c t s

M a r i ju an a  a f fe c ts  p sychom o to r perfo rmance in humans. The e f fec ts  
depend both on ne nature o f  the task and the exper ience w ith  m ar i juana . In 
g ene ra l ,  e f fe c ts  are c lea res t in s tead iness (body sw ay  and hand stead iness) 
and in motor tasks that requ ire a ttention . The re su lts  o f  test ing 
cannab ino id s  in roden ts are m uch c learer.

C annab ino id s  c le a r ly  a f fe c t m ovem en t in roden ts , but the e f fe c ts  depend 
on the dose: low  do se s  s t im u la te  and h igher doses inh ib it
lo com o t ion . 1-1 C annab ino id s  m a in ly  inh ib i t  the tran sm iss ion  o f  neural 
s ig n a ls ,  and they in h ib i t  m ovem en t through the ir act ions or he basa l 
g an g l ia  and c e re b e l lum , where cannab ino id  receptors are p a . t ic u la r ly  
abundan t (Figure 2.6)- Cannab ino id  receptors are a lso  found in the neurons 
that pro ject f rom  the s tr ia tum  and sub th a lam ic  n u c le u s , w h ich  inh ib it  and
s t im u la te  movem en t r e s p e c t iv e ly .^ ’ 1"

C annab ino id s  decrease  both the in h i f  iOry and s t im u la to ry  inputs to t 
sub s tan t ia  n ig ra  and therefore m igh t p rov ide  d ua l regu la t ion  o f  movemen t 
at th is n u c le u s .  In the substan t ia  n ig ra , cannab ino id s  decrease t ran sm iss ion
from  both the s t r ia tum  and the sub th a lam ic  n u c le u s .14 The g lo b u s  pa l l id u s



has been im p l ic a ted  in m ed ia t in g  the ca ta lep t ic  e f fe c ts  o f  la rge doses o f
c a n n ab in o id s  in r a t s .1-6 (C a ta lep sy  is  a co nd it ion  o f  d im in ish ed  
re spon s ivene s s  u s u a l l y  ch a ra c te r ized  b y  t ran ce l ik e  states and w a x y  r ig id i ty  
o f  the m u sc le s .)  S eve ra l o ther b ra in  regions--the co r te x , the c e re b e l lum , 
and the neura l pa thway from  co rtex  to  s t r ia tum —are a lso  in v o lv e d  in the
con tro l o f  m ovem en t and con ta in  abundan t cannab ino id  recep to rs .<0-v , -|n! 
T hey  are there fore po s s ib le  ad d i t io n a l s i te s that m igh t unde r l ie  the e f fec ts  
o f  cann ab in o id s  on m ovemen t .

M e m o r y  E f f e c t s

One o f  the p r im ary e f fe c ts  o f  m a r i ju ana  in humans is d is rup t ion  o f
short-term m em o ry .68 That is con s is ten t w ith  the abundance  o f  CB|
recep to rs in the h ippocam pus , the b ra in  reg ion  most c lo s e ly  assoc ia ted  w ith
m em o ry . T he  e f fe c ts  o f  TH C  re sem b le  a temporary  h ippocampa l le s ion . ”  
D e a dw y le r  and co l le a g ue s  have dem onstra ted  that can n ab in o id s  decrease
neu rona l a c t iv i t y  in the h ippocam pus and  its in p u ts .- '04*8 I n  v i t r o ,  severa l 
cannab ino id  l ig and s  and endogenous cannab ino id s  can b lo c k  the c e l lu la r
p rocesses a sso c ia ted  w ith  m em o ry  f o r m a t i o n . 1 15 ,|6 Furthermore , 
c annab ino id  agon is ts  in h ib i t  re lease o f  seve ra l neuro transm itte rs :
a c e ty lch o l in e  from the h ip p o cam p u s ,1 norep inephrine f rom  human and
g u in ea  p ig (bu t not rat or mouse) h ippocampa l s l i c e s .11 and g lu tam a te  in
c u l tu re d  h ippocampa l c e l l s .  4" C ho l in e rg ic  and  no rad renerg ic  neurons 
pro ject into the h ippocam pus , bu t c i r c u i t s  w ith in  the h ippo-campus are
g lu tam a te rg ic /  T h u s ,  can n ab in o id s  co u ld  M o c k  t ran sm is s ion  bot'1 into and 
w ith in  the h ippocam pus b y  b lo ck in g  p resynap t ic  n eu ro tran sm it te r  re lease .

Pain

A f te r  nausea and vom it in g ,  ch ro n ic  pain w as the cond i t io n  c i ted  most 
o ften  to the IO M  s tu d y  team  as a m ed ica l use fo r m a r i ju an a . Recent 
research  presented b e low  has shown  in t r ig u in g  p a ra l le ls  w ith  anecdota l 
reports o f  the m odu la t in g  e f fe c ts  o f  can n ab in o id s  on pain--both the e ffec ts  
o f  c ann ab in o id s  ac t in g  a lone and the e f fe c ts  o f  the ir in te rac t ion w ith  
op io id s .

B e h a v io r a l  S t u d i e s

C annab in o id s  reduce re a c t iv i t y  to acu te  p a in fu l s t im u l i  in labora to ry 
an im a ls .  In roden ts , can n ab in o id s  reduced  the re spon s ivene ss  to pain 
in du ced  th rough  va r io u s  s t im u l i ,  in c lu d in g  th e rm a l ,  m ech an ica l ,  and
ch em ica l s t im u l i .  :“,l<)*46,'-,66'1:'4' 1 4 C annab in o id s  were com parab le  w ith
op ia tes in potency and e f f ic a c y  in these expe r im en ts . -

C ann ab in o id s  are a lso  e f fe c t i v e  in rodent m ode ls  o f  ch ron ic  pain . 
H e rzbe rg  and co-workers  found  that can n ab in o id s  can b lo c k  a l lo d yn ia  and
hype ra lg e s ia  a sso c ia ted  w ith  neu ropa th ic pain in ra ts/0 T h is  is an



important ad vance  becau se  ch ron ic  pa in f re qu en t ly  re su lts  in a ser ies o f  
neura l changes that increase su f fe r in g  due  to  a l lo d y n ia  (pain e l ic i te d  b y  
s t im u l i  that are n o rm a l ly  innocuou s) , h yp e ra lg e s ia  ( a b no rm a l ly  increased 
re a c t iv i ty  to pain) , and spon taneous pain; fu r th e rm o re , som e ch ron ic  pain 
synd rom es are not amenab le  to the rapy , e ven  w ith  the m os t p ow e r fu l
na rco t ic  a n a lg e s ic s .10

Pain perception is con tro l le d  m a in ly  by  neu ro tran sm it te r  sy s tem s w ith in  
the cen tra l n e rvou s s y s tem , and can nab in o id s  c le a r ly  p lay a ro le  in the
con tro l o f  pain in those s y s tem s .4" H ow eve r ,  pa in- re l iev ing  and pain- 
p reven t ing  m echan ism s a lso  o c cu r  in per iphera l t is su e s , and endogenous 
cannab in o id s  appear to p la y  a ro le  in periphera l t is su e s . T h u s ,  the d if fe ren t 
cannab ino id  recep tor sub types m igh t act s y n e rg is t ic a l ly .  E xpe r im en ts  in 
w h ich  pain is  in du ced  by  in je c t in g  d i lu te  fo rm a l in  in to a mouse 's paw have 
shown  that anandam ide  and  p a lm ity le th ano lam id e  (PEA ) can b lo c k
periphera l p a i n . " ’ ’ A nandam ide  acts p r im a r i ly  at the C B  | receptor, 
whereas PEA  has been p roposed as a po s s ib le  C B 2 agon is t; in short , there 
m igh t be a b io chem ica l b a s is  fo r the ir independen t e f fe c ts .  W hen in jec ted  
toge the r , the ana lge s ic  e f fe c t  is s t ronge r than that o f  e ither a lone . That 
s u g ge s ts  an important s tra tegy fo r  the d eve lopm en t o f  a new  c la s s  o f  
an a lg e s ic  d rug ; a m ix tu re  o f  C B t and C B 2 agon is ts . B ecause  there are few , 
i f  an y ,  C B 2 recep tors in the b ra in , it m igh t be po s s ib le  to d e ve lo p  d rug s  
that enhance the periphera l ana lg e s ic  e f fe c t w h i le  m in im iz in g  the 
p sy ch o lo g ic a l e f fe c ts .

N e u r a l S i t e s  o f  A l t e r e d  R e s p o n s i v e n e s s  to  P a in fu l  S t im u l i

The brain and sp ina l co rd  m ed ia te  cann ab in o id  ana lg e s ia . A num ber o f  
bra in  areas part ic ipa te  in cannab ino id  ana lge s ia  and support the ro le  o f  
d e scend in g  pa thw r.vs (neura l p a thw ays that pro ject from  the bra in to the
sp ina l c o rd ) .1" ' ’ 1'' A lth o ugh  more wo rk  is needed to p roduce a 
com p rehen s iv e  map o f  the s ites o f  cannab ino id  ana lge s ia , it is c le a r  that the 
e ffect: are l im ite d  to p a r t icu la r  areas, most o f  w'hich have an e s tab l ish ed  
ro le  in pain.

S p ec i f ic  s i te s  where cannab ino id s  act to a f fe c t pain p rocess ing  in c lu de
the per iaqueduc ta l g r a y ,11’4 rostra l ven tra l m e d u l l a ,1" ' ’ 1 " th a lam ic  nuc leu s
s u b m e d iu s ,1"- th a lam ic  ven troposte ro la te ra l n u c le u s ,10’ do rsa l horn o f  the
sp ina l co rd ,04,6' and periphera l sen so ry  n e rve s ."4'00,1 Tho se  nuc le i a lso  
part ic ipa te  in op ia te ana lge s ia . A lth o ugh  s im i la r  to opiate ana lg e s ia ,  
c annab ino id  ana lg e s ia  is not m ed ia ted  b y  op io id  receptors; morph ine and 
cannab in o id s  som e t im es act s y n e rg is t i c a l ly ,  and op io id  an tagon is ts
g en e ra l ly  have no e ffec t on cannab ino id- in du ced  ana lges ia . 1 H ow eve r ,  a 
k a p p a -receptor an tagon is t has been shown to a ttenuate sp in a l ,  but not
su p ra sp in a l ,c a n n a b in o id  a n a lg e s ia .18' ’1 " ,l 1 ( K a p p a  op io id  receptors 
con s t i tu te  one o f  the three m a jo r  types o f  op io id  receptors; the o ther tw o  
types arc m u  and d e l t a  receptors .)



N e u r o p h y s io lo g y  a n d  N e u r o c h e m i s t r y  o f  C a n n a b in o id  
A n a lg e s ia

Because  o f  the m arked  e f fe c ts  o f  cannab ino id s  on m oto r fun c t io n , 
behav io ra l s tu d ie s  in an im a ls  a lone cannot p rov ide  su f f ic ien t  g ro und s fo r 
the co n c lu s io n  that c annab ino id s  depress pain perception. M o to r  beh a v io r  is 
t y p ic a l ly  u sed  to m easure responses to pa in , but th is b ehav io r  is i t s e l f  
a f fe c ted  by cannab ino id s .  T h u s ,  exper im en ta l re su lts  in c lu de  an 
unm easu red  com b ina t ion  o f  cannab ino id  e f fe c ts  on m oto r and pain 
sy s tem s . The e f fe c ts  on sp e c i f ic  neura l sy s tem s , h ow eve r ,  can be measured 
at the n eu rophy s io lo g ica l and neu ro chem ica l le ve ls .  C annab ino id s  decrease 
the response o f  i nmed ia te-ea r ly  genes (genes that are ac t iva ted  in the ea r ly  
o r  im m ed ia te  stage o f  response to a b road range o f  c e l lu la r  s t im u l i)  to 
nox iou s s t im u l i  in the sp ina l co rd , decrease response o f  pain neurons in the 
sp ina l co rd , and decrease the re spons iveness o f  pain neurons in the ven tra l
postero la tera l nu c leu s  o f  the th a lam us/ ’7,10- Those changes are m ed ia ted  
b y  cannab ino id  receptors , are se le c t iv e  fo r  pain neurons, and are unre la ted 
to changes in sk in  tempera ture o r depth o f  anes thes ia , and they fo l lo w  the 
t im e course  o f  the changes in behav io ra l responses to  p a in fu l s t im u l i  but
not the t im e cou rse  o f  m o to r  changes/' On-ce lls and o ff-ce l ls  in the 
rostra l ven tra l m edu l la  con tro l pain tran sm iss ion  at the le v e l  o f  the sp ina l 
co rd , and cannab ino id s  a lso  modu la te  the ir responses in a m anner that is
v e ry  s im i la r  to that o f  m o rp h in e .110

E n d o g e n o u s  C a n n a b in o id s  M o d u la te  P a in

Endogenou s cannab ino id s  can m odu la te  pain sen s i t iv i t y  th rough both 
cen tra l and periphera l m echan ism s . Fo r e xam p le , an im a l s tud ie s  have 
shown  that pain sen s i t iv i t y  can be increased when endogenous
cannab ino id s  are b lo cked  from  act ing  at C B ,  recep to rs .2 2,<’•,l 1 1,1 
A dm in is t ra t io n  o f  cannab ino id  an tagon is ts  in e ither the sp ina l co rd  o r
p aw 22 increase the s e n s i t iv i t y  o f  a n im a ls  to pa in . In a d d i t io n ,  there is 
e v id en ce  that c annab ino id s  act at the s ite o f  in ju ry  to reduce peripheral

• i ^ |in f lam m a t ion .

Curren t da ta suggest that the endogenous cannab ino id  ana lg e s ic  sy s tem  
m igh t o f fe r  protection aga in s t the long- la s t ing  cen tra l hype ra lge s ia  and
a l lo d yn ia  that som e t im es fo l lo w  sk in  o r ne rve  in ju r i e s .1 , l- ' These  re su lts  
ra ise the p o s s ib i l i t y  that therapeut ic  in te rven t ion s that a lte r  the le v e ls  o f  
endogenous cannab ino id s  m igh t be u se fu l fo r m anag in g  pain in humans .

C H R O N I C  E F F E C T S  O F  T H C

M ost sub s tan ce s o f  abuse  p roduce to le ran ce , ph y s ica l dependence , and 
w ith d raw a l sym p tom s . T o l e r a n c e  is the most com m on  response to 
repe t it ive  use o f  a d rug  and is  the cond i t io n  in w h ich ,  a f te r repeated 
exposure  to a d ru g ,  in c rea s ing  do ses are needed to a ch ie ve  the same e ffec t . 
P h y s i c a l  d e p e n d e n c e  d e ve lo p s  as a re su lt  o f  a rese tt ing  o f  homeosta t ic



m echan ism s in response to  repeated d ru g  use . To le rance , d ependence , and 
w ith d raw a l are not p ecu l ia r  to d ru g s  o f  abuse . M an y  m ed ic in e s  that are not 
ad d ic t in g  can p roduce these types o f  e f fe c ts ;  e xam p le s  o f  su ch  m ed ica t ion s 
in c lu de  c lo n id in e .  p rop rano lo l ,  and t r ic y c l ic  an t idep ressan ts . The fo l lo w in g  
sec t ion s d is c u s s  wha t is kn ow n  abou t the b io lo g ic a l m echan ism s that 
u n de r l ie  to le rance , rew a rd , and dependence ; c l in ic a l  s tud ie s about those 
top ics are d is c u s s e d  in chap ter 3.

T o l e r a n c e

C h ron ic  adm in is t ra t ion  o f  cann ab in o id s  to an im a ls  re su lts  in to le rance  to
m any o f  the acu te  e f fe c ts  o f  T H C , in c lu d in g  m em ory d is r u p t io n /4
decrea sed  lo com o t io n ," '1 h ypo th e rm ia .4-'1-'' neuroendocr ine e f fe c ts .  ’4
and a n a lg e s i a . ' To le rance  a lso  d e ve lo p s  to the c a rd io va s cu la r  and 
p sy cho lo g ic a l e f fe c ts  o f  T H C  and m ar i ju ana  in humans (see a lso  d is cu ss ion
in chapter 3).'S5"S<s,7f’

To le ran ce  to can nab in o id s  appears to resu lt from both p h a r m a c o k i n e t i c  
changes (how  the d rug  is a b so rb ed ,  d is t r ib u te d ,  m e tabo l iz e d , and excre ted) 
and  p h a r m a c o d y n a m i c  changes (how  the d rug  in teracts w ith  target ce l ls ) .  
C h ron ic  trea tment w ith  the cannab ino id  agon is t ,  CP 55.940. increases the
a c t iv i t y  o f  the m ic ro som a l cy to ch rom e  P450 o x id a t iv e  s y s tem . '  the sys tem  
through w h ich  d rug s  are m e ta b o l iz e d  in the l iv e r ;  th is sugges ts  
pha rm acok in e t ic  to le rance . C h ron ic  cannab ino id  treatment a lso  p roduces 
changes in bra in  cannab ino id  recep tors and cannab ino id  recep tor m R N A  
concentrations--an ind ica t ion  that pha rm acodynam ic  e f fe c ts  are important 
as w e l l .

M o s t  s tu d ie s  have fo und  that b ra in  cannab ino id  receptor concen tra t ion s
u su a l ly  dec rea se  a f te r p ro longed  expo su re  to agon is t s ,4-' |w*1 , ' 1 ' y
a lthough  som e s tu d ie s  have reported increases or no changes in 
receptor b in d in g  in b ra in . D if fe re n ce s  am ong  s tu d ie s  co u ld  be  due to  the 
p a r t icu la r  agon is t  te sted , the a ssay  u sed , the b ra in  region e xam in ed , or the 
treatment t im e . Fo r e x am p le ,  the T H C  ana lo gue , le vonan trado l .  p roduces a 
g rea te r d e sen s i t iz a t io n  o f  a d e n y ly l  c y c la s e  inh ib i t ion  than does TH C  in
cu ltu re d  n eu rob la s tom a c e l l s .4 T h is  m igh t be exp la in ed  by d i f fe ren ce s  in
e f f ic a c y  b e tw een  these tw o  agon is ts .  "V’ : 1 A t im e  cou rse  s tu d y  revea led  
d if fe ren ce s  among bra in  reg in s  in the rates and m agn itude s o f  receptor
dow n  regu la t io n . Tho se  f in d in g s  sugges t that to le rance to d if fe ren t e f fec ts 
o f  cann ab in o id s  d e ve lo p s  at d i f fe re n t  rates.

C h ron ic  treatment w ith  T H C  a lso  p roduces va r ia b le  e f fe c ts  on 
cannab ino id-m ed ia ted  s igna l t ran sduc t ion  sy s tem s . It p roduces sub s tan t ia l 
de sen s i t iz a t io n  o f  cannab ino id- ac t iva ted  G  prote in s in a num be r o f  rat
b ra in  r e g io n s .14 The t im e cou rse  o f  th is  d e sen s i t iz a t io n  va r ie s  across b r
r e g io n s .u

It is difficult to extend the findings of short-term animal studies to



human m ar i juana  use . T o  s im u la te  long-term use . h igh e r  do se s are u sed  in 
an im a l s tud ie s  than are n o rm a l ly  a ch ie v ed  b y  sm ok in g  m a r i ju an a . For 
e xam p le , the ave rage  human w i l l  fee l "h igh" after in je c t io n  o f  T H C  at a
le ve l o f  0.06 mg/kg ,1 18 com pa red  w ith  the 10— 20 mg/kg per d a y  u sed  in 
m any ch ron ic  rat s tu d ie s .  A t the same t im e , do se s o f  m a r i ju ana  needed to 
ob se rve  behav io ra l changes in rats ( u s u a l ly  changes in lo com o to r  behav io r)  
are su b s ta n t ia l ly  h ighe r than do se s  at w h ich  peop le fee l "h igh ." The 
pha rm acok ine t ic s  o f  THC  d is t r ib u t io n  in the body  are a lso  d ram a t ic a l ly  
d if fe ren t be tween ra ts and hum ans and depend h e a v i ly  on whe the r  it is  
in ha led , in je c ted , o r  sw a l lo w e d .  It is l i k e ly  that som e o f  the sam e 
b io chem ica l adap ta tions to  ch ron ic  cannab ino id  a dm in is t ra t ion  o c cu r  in 
labo ra to ry  an im a ls  and h um an s , but the m agn itude  o f  the e f fe c ts  in humans 
m igh t be less than that in a n im a ls  in p roportion to the do se s  u sed .

R e w a r d  a n d  D e p e n d e n c e

E xpe r im en ta l an im a ls  that are g iv en  the oppo rtun ity  to se l f- adm in is te r  
c annab ino id s  g en e ra l ly  do  not choose to do  so , w h ich  has led  to the
con c lu s io n  that they are not re in fo rc in g  and rew a rd in g . '  H ow eve r ,
behav io ra l'^  and bra in  s t im u la t io n  '4 s tu d ie s  have  shown  that T H C  can be 
rew a rd in g  to a n im a ls .  The behav io ra l s tu dy  u sed  a "p lace p re ference" test, 
in wh ich  an an im a l is g iv en  repeated do se s o f  a d rug  in one p la ce , and is 
then g iv e n  a cho ice  be tween a p lace where  it re ce iv ed  the d rug  and a p lace 
where it d id  not. The an im a ls  chose the p lace where they re ce iv ed  the 
TH C . These  rew a rd in g  e f fe c ts  are h igh ly  dose dependen t. In  a l l m ode ls  
s tu d ie d , cannab ino id s  are o n ly  rew a rd in g  at m id range ; do se s  that are too 
low  are not rew ard ing ; do se s  that are too h igh can be  a ve rs iv e .  M ic e  w i l l  
se l f- adm in is te r  the cannab ino id  agon is t W IN  55/12-2 but o n ly  at low
d o s e s .|(l" T h is  e f fe c t is s p e c i f i c a l ly  m ed ia ted  b y  CB| receptors and 
ind ica te s  that s t im u la t io n  o f  those recep tors is rew a rd in g  to the m ice . 
A n tagon ism  o f  cannab ino id  receptors is a lso  rew a rd in g  in rats; in 
cond it io n ed  p lace pre ference tes ts , a n im a ls  show  a p re fe rence fo r the p lace 
they re ce iv e  the cannab ino id  an tagon is t SR 141716A at both lo w  and h igh
d o s e s .14" C annab ino id s  in c rease  dopam ine  concen tra t ion s in the 
m e so l im b ic  dopam ine  sy s tem  o f  ra ts , a pa thw ay  a sso c ia ted  w ith
re in forcement.^  • ' ',1" 1 H ow eve r ,  the m echan ism  b y  w h ich  TH C  increases 
dopa-tn ine concen tra t ions appears to be d if fe ren t f rom  that o f  o the r abused
d r u g s '1 (see chap te r 3 for fu r th e r  d is c u s s io n  o f  re in fo rcemen t) . T'HC- 
induced  increases in dopam ine are due to increases in the f i r in g  rate o f
dopam ine  c e l l s  in the ven tra l tegmenta l area b y  -* -THC. ' H ow eve r ,  
these increases in f i r in g  rate in the ven tra l tegmenta l area co u ld  not be 
e xp la in ed  by increases in the f i r in g  o f  the A 10 dopam ine  c e l l  g ro up , where
o ther abused  d ru g s  have been shown to act.

P hy s ica l dependence on cannab in o id s  has been o b se rved  o n ly  under 
exper im en ta l co nd i t io n s  o f  "p rec ip ita ted  w ith d raw a l"  in w h ich  an im a ls  are 
f irs t treated c h ro n ic a l ly  w ith  can nab in o id s  and then g iv e n  the CB  |
an iagon is t SR 14171 6 A . T h e  add i t io n  o f  the an tagon is t accen tua tes



any  w ith d raw a l e f fe c t b y  com pe t in g  w ith  the agon is t at receptor s ites; that 
i s ,  the an tagon is t he lps to c le a r  agon is ts  o f f  and keep them o f f  recep tor 
s i te s . T h is  sugge s ts  that, under normal cannab is  u se . the long  ha lf- l i fe  and 
s lo w  e l im in a t io n  f rom  the bo dy  o f  TH C  and the re s idua l b io a c t iv i t y  o f  its 
m e tabo l i te ,  11-OH-THC.can preven t sub s tan t ia l abst inence sym p tom s . 
T he  p rec ip ita ted  w ith d raw a l p roduced  b y  SR 141716A has some o f  the 
ch a rac te r is t ic s  o f  op ia te w i th d raw a l ,  bu t it is not a ffec ted  b y  op io id  
an tagon is ts , and it a f fe c ts  m o to r sy s tem s d if fe ren t ly .  An ea r l ie r  s tu d y  w ith  
m onkey s  a lso sugge s ted  that abrup t cessa t ion o f  ch io n ic  TH C  is a ssoc ia ted
w ith  w ith d raw a l sym p tom s .8 M on k e y s  in  that s tudy  were tra ined to wo rk  
fo r  food a f te r w h ich  they w ere  g iv e n  TH C  on a d a i ly  bas is ; when the 
in ve s t ig a to rs  stopped a dm in is te r in g  TH C . the an im a ls  stopped w o rk in g  fo r 
food .

A  s tu d y  in rats ind ica ted  that the behav io ra l cannab ino id  w ith d raw a l 
syn d rom e  is con s is ten t w ith  the consequences o f  w ith d raw a l from  other 
d ru g s  o f  abuse in that it co rre la te s w ith  the e f fe c ts  o f  s t im u la t ion  o f  cen tra l
am yg d a lo id  co rt ico trop in- re lea s ing  hormone re lease . ' H ow eve r ,  the 
w ith d raw a l synd rom e fo r cannab ino id s  and the co rre spond ing  increase in 
co rt ico trop in- re leas ing  hormone are ob se rved  o n ly  a f te r adm in is tra t ion  o f
the CB  i an tagon is t SR 141716A to cannab ino id- to le ran t a n im a ls .  ' 1 1,16 The 
im p l ic a t io n s  o f  data based on prec ip ita ted  w ith d raw a l in an im a ls  fo r  human 
cannab ino id  abuse  have not been e s tab l ished . "  Fu rthermore , acu te  
adm in is t ra t ion  o f  TH C  a lso  p roduces increases in cort ico trop in- re leas ing  
ho rmone and adrenoco rt ico trop in  re lease; both are stress-re lated
hormones . T h is  set o f  w ith d raw a l s tu d ie s  m ay exp la in  the g ene ra l ly  
a ve rs iv e  e f fe c ts  o f  c annab ino id s  in an im a ls  and co u ld  ind ica te that the 
increase in co rt ico trop in- re leas ing hormone is m e re ly  a rebound e f fec t . 
T h u s ,  cannab ino id s  appear to be con fo rm in g  to some o f  the neu rob io lo g ic a l 
e f fe c ts  o f  other d rug s  abused  by  hum ans , but the unde r ly in g  m echan ism s o f  
these ac t ion s and the ir va lu e  fo r  d e te rm in ing  the re in fo rcemen t and 
dependence  l ia b i l i t y  o f  cann ab in o id s  in hum ans remain unde te rm ined .

C A N N A B I N O I D S  A N D  T H E  I M M U N E  S Y S T E M

The human body  protects i t s e l f  f rom  in vade rs ,  such as bac te r ia  and 
v iru se s  th rough the e labo ra te  and d yn am ic  network o f  organs and ce l l s  
re ferred to as the im m une sy s tem . C annab ino id s ,  e sp e c ia l ly  T H C , can 
m odu la te  the func t ion  o f  im m une  c e l l s  in va r io u s  ways--in som e cases
enhanc ing  and in o thers d im in i sh in g  the im m une response' ( sum m ar ize d  
in T ab le  2.7). H ow eve r ,  the natura l fun c t ion  o f  cannab ino id s in the 
im m une  sy s tem  is not known . Im m une  c e l l s  respond to cannab ino id s  in a 
va r ie ty  o f  w a y s ,  depend ing  on su ch  fac to rs as d rug  concen tra t ion , t im ing  o f  
d ru g  d e l i v e ry  to le uko cy te s  in re la t ion  to an tigen s t im u la t io n , and type o f  
ce l l  fun c t io n . A lth o ugh  the ch ron ic  e f fe c ts  o f  cannab ino id s on the im m une 
sy s tem  have  not been s tu d ie d , based  on acu te  exposure s tud ie s  in 
expe r im en ta l an im a ls  it appears that TH C  concen tra t ions that m odu la te  
im m uno lo g ic a l responses are h igh e r  than those requ ired  fo r p sy ch o ­
a c t iv i t y .



The C B 2 recep to r gene , w h ich  is not exp ressed  in the b ra in ,  is  
p a r t ic u la r ly  abundan t in im m une  t is su e s ,  w ith  an exp re ss io n  le v e l 10— 100 
t im es h ighe r than that o f  C B  j .  In  sp leen and ton s i ls  the C B t  m R N A 5
conten t is e q u iv a le n t  to that o f  C B  | m R N A  in the b ra in .48 The rank o rde r ,  
f rom  h igh to lo w ,  o f  C B 2 m R N A  le v e ls  in im m une  c e l l s  is B-ce l ls  >  
natura l k i l l e r  c e l l s  »  m onocy te s  >  p o lym o rphonuc lea r  n eu troph i l c e l l s  > 
T8 ce l l s  >  T4 c e l l s .  In to n s i l s  the C B :  receptors appear to be re s tr ic ted  to 
B- lymphocy te-enr iched  areas. In con tra s t . C B t receptors a re m a in ly  
exp re ssed  in the cen tra l n e rvo u s  sy s tem  and , to a le s se r  ex ten t ,  in seve ra l 
periphera l t is sue s  su ch  as adrena l g lan d ,  heart , lu n g ,  p rosta te , u te ru s ,  o v a ry ,  
te s t is ,  bone  m a rrow , th ym u s ,  and ton s i ls .

C a n n a b i n o i d  R e c e p t o r s  a n d  I n t r a c e l l u l a r  A c t i o n  in  Im m u n e  
C e l l s

C B 2 appears to be the p redom inan t gene exp ressed  in re s t ing
le u ko cy te s .  8,1' The le v e l o f  CB| gene a c t iv i t y  is n o rm a l ly  low  in rest ing
c e l l s  but increases w ith  c e l l  a c t iv a t io n . Thu s the CB| recep to r m igh t be 
important o n ly  when im m une  responses are s t im u la te d ,  bu t the 
p h y s io lo g ic a l re le van ce  o f  th is  o b se rva t ion  rema in s to be d e te rm in ed .
Some o f  the cannab ino id  e f fe c ts  o b se rve d  in im m une  s y s tem s ,  e sp e c ia l iy  at 
h igh d rug  concen tra t ion s , are l i k e ly  med ia ted  th rough nonrecep to r
m echan ism s , but these have not ye t been id e n t i f ie d . '

L ig and  b ind ing  to e i the r C B ( o r  C B : in h ib i t s  adeny la te  c y c la s e ,  an 
en zym e  that is re spon s ib le  fo r  c A M P  p roduc t ion  and i s .  th u s ,  an in tegra l 
aspect o f  in t ra c e l lu la r  s igna l t ran sduc t ion  (see F igu re
2.3). '• '*•''' in c re a se s  in in t ra c e l lu la r  c A M P  concen tra t ion s
lead  to im m une  enhancem en t, and decreases lead  to an inh ib i t io n  o f  the
im m une response . C annab in o id s  in h ib i t  the r ise  in in t ra c e l lu la r  c A M P  
that n o rm a l ly  re su lts  f rom  le u ko c y te  a c t iva t io n , and th is  m igh t be the 
pa thway th rough w h ich  cannab in o id s  suppress im m une  ce l l
func t ion s . -74,1' In a d d i t io n ,  can n ab in o id s  a c t iv a te  o ther m o le c u la r  
pa thways such  as the n u c le a r  fac to r-kB  p a thw ay , and there fore these

j  >  ^  *
s ig n a ls  m igh t be m od i f ie d  in drug- trea ted im m une  c e l l s .  '•

T  a n d  B  C e lls

When s t im u la te d  b y  an t igen , lym pho cy te s  (see Box 2.1) f irs t  p ro l ife ra te  
and then matu re  o r d if fe ren t ia te  to becom e potent e f fe c to r  c e l l s ,  su ch  as B 
c e l l s  that re lease  an t ibod ie s  o r  T  c e l l s  that re lea se  c y to k in e s .  The no rma l T- 
ce l l  p ro l ife ra t ion  that is seen when human lym pho cy te s  and mouse
sp lenocy te s (sp leen c e l ls )  are expo sed  to an t igen s and m ito gen s '1 can be 
inh ib ited  b y  T H C , 11-O H -T H C ,c a n n a b in o l ,  and  2-A G ,  as w e l l  as 
syn the t ic  c annab ino id  agon is ts  such  as C P  55.940; W IN  55,212-2; and
HU-210.' 1 ' •l:> In  con tra s t , one s tu d y  te s t ing  anandam ide



H oweve r , these d rug  e f fe c ts  are va r iab le  and depend on exper im en ta l 
co nd i t io n s , su ch  as the expe r im en ta l d ru g  dose u sed , the m itogen  u sed , the 
percentage o f  se rum  in the cu l tu re ,  and the t im in g  o f  cannab ino id  drug 
exposu re . In gen e ra l ,  low e r  do se s  o f  cannab ino id s increase p ro l ife ra t ion  
and  h igher do se s  suppress p ro l i fe ra t ion . Doses that are e f fe c t iv e  in 
supp ress ing  im m une  func t ion  are ty p ic a l ly  grea ter than 10 /^M in ce l l
c u l tu re  s tud ie s  and g rea te r than 5 mg/kg in who le-an ima l s tu d ie s .S<1 By 
com par ison , at 0.05 mg/kg, peop le w i l l  exper ience the fu l l  p sy cho ac t iv e  
e f fe c ts  o f  TH C ; how eve r , b ecau se  o f  the ir  h igh m etabo l ic  ra tes , sm a l l  
rodents f re quen t ly  requ ire  d ru g  do se s that are 100-fold h ighe r than doses 
needed fo r hum ans to a ch ieve  com parab le  d rug  e f fe c ts .  T h u s ,  the im m une  
e f fe c ts  o f  do ses o f  cannab ino id s  h igher than those e ve r  exper ienced  by
humans shou ld  be in terpreted w ith  cau t ion ."  '

A s w ith  T  c e l l s ,  B ce l l  p ro l i fe ra t ion  can be suppressed b y  va r io u s  
cannab in o id s , su ch  as TH C , 11-OH-THC. and 2-A G . but B c e l l  
p ro life ra t ion is more inh ib i te d  at low e r  d rug  concen tra t ions than T  ce l l
p ro l ife ra t ion . C o n ve r s e ly ,  low  doses o f  T H C , C P  55,940 and W IN  
55/12-2 i n c r e a s e  B ce l l  p ro l i fe ra t ion  in cu ltu red  human c e l l s  exposed to
m itogen . T h is  e f fec t p o s s ib ly  in vo lv e s  the C B t receptor, becau se  the 
e f fe c t appears to be the sam e when the C B  j receptor was b lo c k ed  by  the 
an tagon is t SR 141716A (wh ich  does not b lo ck  the C B t receptor). The 
reason fo r the d i f fe re n ce s  in B ce l l  re spons iveness to cannab ino id s  is 
p robab ly  due to d i f fe ren ce s  in ce l l  type and source ; fo r  e x am p le , B c e l l s  
co l le c te d  from m ouse  sp leen m igh t respond to cannab ino id s  som ewha t 
d i f fe re n t ly  than B ce l l s  f rom  human ton s i ls

N a tu ra l K i l le r  C e lls

Repeated in je c t ion s  o f  re la t iv e ly  low doses o f  TH C  (3 mg/kg/day )
or tw o  in jec t ion s o f  a h igh do se  (40 mg/kg ' ' )  suppress the a b i l i t y  o f  NK  
c e l l s  to destroy fo re ign c e l l s  in rats and m ice . TH C  can a lso  suppress 
c y to ly t ic  a c t iv i t y  o f  the N K  c e l l s  in ce l l  cu ltu re s ; 11-OH-THC is even
more potent. In  con tras t , T H C  concen tra t ions b e low  10 /vM had no e f fe c t
on N K  ce l l  a c t iv i t y  in m ouse  c e l l  c u l tu re s .  s

M a c r o p h a g e s

M acrophages perfo rm  va r io u s  fun c t io n s ,  in c lu d in g  phagocy to s is  
( inges tion and de s tru c t ion  o f  fo re ign  substances) , c y to ly s i s ,  an tigen 
presentation to lym pho cy te s ,  and p roduc t ion  o f  a c t iv e  p rote in s in vo lv e d  in 
de s troy ing  m ic roo rg an ism s , t is su e  repa ir , and modu la t ion  o f  im m une  ce l ls .  
Those func t io n s can be supp ressed  b y  TH C  doses s im i la r  to those capab 
o f  m odu la t in g  lym pho cy te  fun c t io n s  (see above) .SK,M,u

revealed little or no effect on T cell proliferation.

C y to k in e s



C y to k in e s  are p rote in s p roduced  by  im m une ce l l s .  W hen  re leased from 
the p roduc in g  c e l l ,  they can a l te r  the func t ion  o f  o the r c e l l s  they com e in 
con tac t w ith .  In a sense they are l ik e  hormones . T h u s ,  c annab ino id s  can 
e ithe r increase o r  decrease c y to k in e  produc tion  depend ing  upon 
expe r im en ta l cond i t io n s .

Some c y to k in e s ,  su ch  as interferon- 7 and interleukin-2 (IL-2), are 
p roduced  b y  T  he lper-1 (T h l )  c e l l s .  These  cy to k in e s  he lp  to ac t iva te  cell- 
m ed ia ted  im m un i ty  and the k i l l e r  c e l l s  that e l im in a te  m ic roo rg an ism s from  
the body  (see Box 2.1). W hen  in jec ted  in to m ice .  TH C  suppresses the 
p roduc t ion  o f  those cy to k in e s  that m odu la te  the host response to in fec t ion
(see b e low ) .  C annab ino id s  a lso  modu la te  in te rfe rons induced  b y  v ira l

^ 1
in fe c t io n , as w e l l  as other in terfe ron induce rs . Fu r the rm ore , in human 
c e l l  c u l tu re s ,  in te rfe ron p roduc t ion  can be increased b y  low  concen tra t ion s
but decreased  by  h igh  concen tra t ion s o f  e ithe r TH C  o r  C B D .1' " In  add it ion  
to T h l  c y to k in e s ,  c annab ino id s  m odu la te  the p roduc t ion  o f  c y to k in e s  such 
as in te r le u k in-1 (IL-1). tum o r necro s is  fac to r (TNF ) , and in tcr leuk in-6 (IL* 
6 ) .1 ' A t 8 mg/kg, TH C  can increase the in  v i v o  m ob i l iz a t io n  o f  serum
acute-phase c y to k in e s ,  in c lu d in g  IL-1, T N F .  and IL-6. ’ F in a l ly ,  a lthough  
these s tu d ie s  sugges t that cann ab in o id s  can induce an increase in c y to k in e s ,
o ther s tu d ie s  sugges t that they can a lso  suppress cy to k in e  p roduc t ion/
The d if fe ren t re su l t s  m igh t be due to d if fe ren t c e l l  cu l tu re  co nd i t io n s  or 
because d i f fe ren t ce l l  l ines w e re  s tud ied .

A n t ib o d y  P r o d u c t io n

A n t ib o d y  p roduc t ion  is an important measure o f  humora l im m une  
func t ion  a s  con tras ted w ith  c e l lu la r  (ce l l-media ted) im m un i ty .  A n t ib o d y  
p roduc t ion  can be suppressed  in m ice  in jected  w ith  re la t iv e ly  low  doses o f  
TH C  (>5 mg/kg) or HU-210 (>0.05 mg/kg) and in m ouse  sp leen c e l l  
cu l tu re s  expo sed  to a va r ie ty  o f  c annab ino id s .  in c lu d in g  TH C , 11-OH- 
T H C ,c a n n a b in o l ,  c a n n a b id io l ,  C P  55,940, or HU- 
210. v.7,'.s-.n\!42.i m  |-jt)Wever the inh ib i t ion  o f  an t ibody  response
by can nab in o id s  w a s o n ly  o b se rve d  when an tibody- fo rm ing  c e l l s  w ere  
exposed to  T-ce l l-dependent an t igen s (the responses requ ire  func t iona l T  
c e l l s  and m acrophages as a cce sso ry  ce l ls ) . C o n ve r s e ly ,  an t ibody  responses 
to seve ra l T-ce l l- independen t an t igens were not inh ib i te d  by TH C ; th is 
sugges ts  that B c e l l s  are r e la t iv e ly  in sen s it iv e  to inh ib i t io n  by
cannab ino id s .

R e s i s t a n c e  to  I n fe c t io n  in  A n in .a ls  E x p o s e d  to  C a n n a b in o id s

E va lu a t io n  o f  bac te r ia l in fe c t io n s  in m ice  that re ce iv ed  in je c t io n s  o f  
TH C  can supp ress  res is tance to  in fe c t ion , a lthough  the e f fe c t depends on 
the dose and t im in g  o f  d rug  adm in is t ra t io n . M ic e  pretreated w ith  T H C  (8 
mg/kg) one day  be fo re  in fe c t ion  w ith  a sub le tha l dose o f  the pneumonia- 
cau s in g  bacte r ia  L e g i o n e l l a  p n e u m o p h i l i a  and then treated aga in one day 
a fter the in fe c t ion  w ith  TH C  d e ve lo p ed  sym p tom s o f  cy tok in e-m ed ia ted



sep t ic  shock  and d ied ; con tro l m ice  tha t were  not pre trea ted w ith  T H C  
becam e im m une to repeated in fec t ion  and s u r v iv e d  the bac te r ia l
c h a l le n g e .4"  I f  o n ly  one in je c t ion  o f  TH C  w as g iv en  o r d o se s  le ss than 5 
mg/kg were u sed , a l l  the m ice  s u r v iv e d  the in i t ia l  in fe c t io n  bu t fa i le d  to 
s u r v i v e  la te r ch a l le n g e  w ith  a le tha l do se  o f  the bac te r ia ; hence , these m  
fa i le d  to d e ve lop  im m une  m em o ry  in response to the in i t ia l  sub le tha l
in fe c t io n / Note that these are v e ry  h igh  do se s and are co n s id e ra b ly  h ig . ie r
than doses exper ienced  b y  m a r i ju an a  users (see F ig u re  3 .1 ).'1' In ra ts ,
do se s  o f  4.0 mg/kg TH C  are a ve rs iv e .

F ew  s tud ie s  have  been done to e va lu a te  the e f fe c t  o f  1 HC on v ira l
in fe c t io n s , and th is su b je c t needs fu r the r s tudy .- " Com pared  to hea lth y  
a n im a ls ,  TH C  m igh t have g rea te r im m uno supp re s s iv e  e f fe c ts  in an im a ls  
w ho se  im m une  sy s tem s are se v e re ly  w eakened . Fo r e x am p le ,  a ve ry  h igh  
do se  o f  TH C  (100 mg/kg) g iv en  tw o  d a y s  be fo re  and a f te r  herpes s im p le x  
v i r u s  in fe c t ion  w as shown to be a cofac*or w ith  the v i r u s  in ad van c in g  the 
p rogress ion  to death in an im m unode f ic ie n t  m ouse  m ode l in fe c ted  w ith  a
le u k em ia  v i r u s .8' H ow eve r .  TH C  g iv en  as a s in g le  do se  (100 mg/kg) tw o  
d a y s  be fo re herpes s im p le x  v iru s  in fe c t ion  d id  not p romote the progress ion 
to death . H ence , whe the r T H C  is  im m uno supp re s s iv e  p ro b ab ly  depends on 
the t im in g  o f  TH C  exposu re  re la t iv e  to an in fec t ion .

A n t i in f la m m a to r y  E f f e c t s

As d is cu s s e d  abo ve , cannab ino id  d ru g s  can m odu la te  the produc tion  ( 
c y to k in e s ,  w h ich  are cen tra l to in f lam m a to ry  p rocesse s in the body . In 
a d d i t io n ,  seve ra l s tu d ie s  have shown d ire c t ly  that cann ab in o id s  can be 
an t i in f lam m a to ry . Fo r e xam p le ,  in rats w ith  au to im m une  en cepha lom ye l i t is  
(an exper im en ta l m ode l u sed  to s tu d y  m u lt ip le  sc le ro s is ) ,  c annab ino id s  
w e re  shown  to attenuate the s ig n s  and the sym p tom s o f  cen tra l ne rvous
sy s tem  d am age ." '"• I - (Some b e l ie v e  that nerve d am age  a ssoc ia ted  w ith  
m u lt ip le  sc le ro s is  is cau sed  b y  an in f lam m a to ry  reaction .) L ik ew is e ,  the 
can nab ino id . H U -211, w as shown  to suppress b ra in  in f lam m a t io n  that
re su l ted  f rom  c losed-head i n j u r y1 or  in fe c t io u s  m en in g i t i s  in s tu d ie s  on 
rats . HU-211 is a syn the t ic  c annab ino id  that does not b ind  to cannab ino id
receptors and is not p sy cho ac t iv e ;  th u s , w ithou t d irec t e v id en ce ,  the 
e f fe c ts  o f  m a r i ju ana  cannot be a ssum ed  to in c lu de  those o f  H U -211. CT-3, 
ano ther a typ ica l can n ab in o id , supp resse s acute and ch ron ic  jo in t
in f lam m a t io n  in a n im a ls .1 N !t is a nonp sychoac t ive  syn th e t ic  d e r iv a t iv e  o f  
1 l-THC-oic a c id  (a b re a kdow n  p roduc t o f  THC ) and does not appear to
b in d  to cannab ino id  receptors . 2" C annab ich rom ene , a cannab ino id  found  
in m a r i ju ana , has a lso  been reported to have a n t i in f lam m a to ry
p rop e r t ie s .1 ’ N o  m echan ism  o f  ac t ion  fo r po ss ib le  an t i in f lam m a to ry  
e f fe c ts  o f  c annab ino id s  has been id e n t i f ie d ,  and the e f fe c ts  o f  these a typ ica l 
cannab ino id s  and e f fe c ts  o f  m a r i ju ana  are not ye t e s ta b l ish ed .

I t is in te res t ing  to note that tw o  reports o f  cannab ino id- induced  
ana lg e s ia  are based  on the a b i l i t y  o f  the endogenous can nab in o id s ,  anan-



d am id e  and P E A , to reduce pa in assoc ia ted  w ith  lo ca l in f lam m a t io n  that 
w as e xp e r im en ta l ly  induced  b y  sub cu taneou s in je c t ion s  o f  d i lu te
fo rm a l in .-2-•' Both TH C  and anandam ide  can in crease  se rum  le v e ls  o f
A C T H  and co rt icos te rone in a n im a l s .16" Those  hormones are in v o lv e d  in 
regu la t in g  m any responses in the b o d y ,  in c lu d in g  those to  in f lam m a t io n . 
The po ss ib le  l in k  be tween expe r im en ta l can nab ino id- induced  ana lg e s ia  and 
reported an t i in f lam m a to ry  e f fe c t s  o f  cann ab in o id s  is importan t fo r  po ten tia l 
therapeut ic uses o f  cannab ino id  d ru g s  but has not ye t been e s tab l ish ed .

C o n c lu s io n s  R e g a r d in g  E f f e c t s  o n  th e  I m m u n e  S y s t e m

C e l l  cu l tu re  and an ima l s tu d ie s  have e s tab l ish ed  cannab ino id s  as 
immunomodu la to rs-- tha t is ,  they  increase som e im m une  responses and 
decrease  o thers. T he  va r iab le  re sponses depend on such  exper im en ta l 
fac to rs as d rug  do se , t im in g  o f  d e l i v e r y ,  and type o f  im m une  ce l l  
e x am ined .

C annab ino id s  a f fe c t  m u lt ip le  c e l lu la r  targets in the im m une  sy s tem  and a 
va r ie ty  o f  e f fe c to r fun c t io n s . M a n y  o f  the e f fe c ts  noted abo ve  appear to
o c cu r  at concen tra t ion s o v e r  5 y M  i n  v i t r o  and o v e r  5 /^g/kg i n  v i v o .  B y  
com par ison , a 5-mg in jec t ion  o f  TH C  into a person (about 0.06 mg/kg) is 
enough  to p roduce strong p sy ch o a c t iv e  e f fe c ts .  It sho u ld  be em pha s ized , 
h ow eve r , that l i t t le  is known  abou t the im m une  e f fe c t s  o f  ch ron ic  low- 
dose exposure to cannab ino id s .

A no the r issue in need o f  fu r th e r  c la r i f ic a t io n  in v o lv e s  the potentia l 
u se fu ln e s s  o f  cannab ino id s as therapeut ic  agents in in f lam m a to ry  d isea se s .  
G lu co co r t ic o id s  have  h is to r ic a l ly  been used fo r these d isea se s ,  but 
nonpsycho trop ic  c annab ino id s  po ten t ia l ly  have  few e r  s id e  e f fe c ts  and 
m igh t thus o f fe r  an im p rovem en t o v e r  g lu co co r t ic o id s  in trea ting 
in f lam m a to ry  d isea se s .

C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S

G iv e n  the progress o f  the past 15 yea rs  in unde rs tand ing  the e f fe c ts  o f  
c an nab ino id s ,  research in the next decade  is l i k e ly  to revea l even  more . It 
is in te res t ing  to compare how  l i t t le  w e  know  about cannab ino id s  w ith  how 
much  w e know  abou t op ia tes. T ab le  2.8 sugge s ts  good  reason fo r  op t im ism  
about the fu tu re  o f  cannab ino id  d rug  d e ve lopm en t .  N ow  that m any o f  the 
b a s ic  too ls o f  cannab ino id  p h a rm aco lo g y  and b io lo g y  have  been 
d e ve lop ed , one can expect to see rap id ad van ce s  that can beg in  to match 
what is  known o f  op iate s y s tem s in the b ra in .

D esp ite  the tremendous p rog ress in unde rs tand in g  the pha rm aco logy  
and neu ro b io lo gy  o f  brain can nab in o id  s y s tem s , th is  f ie ld  is s t i l l  in its ear ly  
d e ve lopm en ta l s tages . A k e y  fo c u s  fo r  fu tu re  s tu d y  is the n eu rob io lo gy  o f  
endogenous cannab ino id s ; e s ta b l is h in g  the prec ise  bra in  lo ca l iz a t io n  (in 
w h ich  c e l l s  and where) o f c an n ab in o id s ,  c e l lu la r  s to rage and re lease 
m ech an ism s , and uptake m echan ism s w i l l  be c ru c ia l  in d e te rm in in g  the 
b io lo g ic a l  ro le  o f  th is  sy s tem . T e ch n o lo g y  needed to e s tab l ish  the



b io lo g ic a l  s ig n if ic a n ce  o f  these  sy s tem s w i l l  be broad based and in c lu d e  
su ch  research too ls  as the tran sgen ic  o r gene knockou t m ice , as has a lre ady
been a ccom p lish ed  f u r  v a r io u s  op io id- recep tor types.-6 In 1997, both C B  |
and C B 2 knockou t m ice  w e re  genera ted  b y  a team o f  sc ien t is ts  at the
N a t iona l In s t i tu te s  o f  H ea lth , and a g roup  in France har d eve loped  anoth
stra in  o f  C B j  knockou t m ic e .4-

Seve ra l research too ls  w i l l  g re a t ly  a id  such  in ve s t ig a t io n s , in p a r t ic u la r  a 
g rea te r se le c t ion  o f  agon is ts  and an tagon is ts  that perm it d is c r im in a t io n  in 
a c t iva t ion  be tween  C B j  and C B 2 and h yd ro ph i l ic  agon is ts that can be 
d e l iv e re d  to a n im a ls  o r  c e l l s  more  e f fe c t iv e ly  than hyd rophob ic  
com pound s . In the area o f  d ru g  d e ve lopm en t , fu tu re  progress shou ld  
con tinue  to p ro v id e  more sp e c i f ic  agon is ts  and an tagon is ts fo r CB  | and 
C B 2 receptors , w ith  va ry in g  poten t ia l fo r therapeutic uses.

There are cer ta in  areas that w i l l  p ro v id e  k ey s  to a better unders tand ing  
o f  the potentia l therapeut ic v a lu e  o f  cannab ino id s . Fo r exam p le , b a s ic  
b io ’o g y  ind ica te s a ro le  fo r  cann ab in o id s  in pain and contro l o f  m ovem en t ,  
w h ich  is cons is ten t w ith  a po s s ib le  therapeut ic ro le in these areas. The 
e v id en ce  is r e la t iv e ly  strong fo r  the treatment o f  pain and , in tr ig u in g  
a lthough  le ss w e l l  e s ta b l is h e d ,  fo r  m ovem en t d iso rde rs . The neuropro- 
te c t ive  propert ies o f  cannab ino id s  m igh t p rove the rapeu t ica l ly  u s e fu l ,  
a l though  it sho u ld  be noted that th is is a new  area and other, better s tu d ie d , 
n eu rop ro tec t ive  d ru g s  have not ye t been shown  to be th e rapeu t ica l ly  
u se fu l .  C annab ino id  research is c le a r ly  re le van t no* on ly  to d rug  abuse  b' 
a lso  to ui de rs tand ing  ba s ic  human b io lo g y .  F u r th e i ,  it o f fe rs the potentia l 
fo r  the d is c o v e ry  and deve lopm en t o f  new  the rapeu t ica l ly  u se fu l d ru g s .

C o n c lu s io n :  A t th is po in t , o u r  k n ow le d g e  about the b io lo g y  o f  
m ar i juana  and cannab ino id s  a l lo w s  us to make some genera l 
conc lu s ion s :

C annab ino id s  l ik e ly  have a natura l ro le  in pain m odu la t io n , 
con tro l o f  m ovem en t ,  and m em ory .

The natura l ro le o f  c annab ino id s  in im m une sy s tem s is l ik e ly  
mu lt i- fa ce ted  and rem a in s unc lea r .

The b ra in  d e ve lop s  to le rance to cannab ino id s .

A n im a l research has demonstra ted  the potentia l for 
dependence , but th is  potentia l is o b se rved  under a na rrower 
range o f  cond i t io n s  than w ith  ben zod ia zep in e s , op ia tes , 
co ca ine , or n ico t ine .

W ith d raw a l s ym p tom s can be ob se rved  in an im a ls  but appear 
m i ld  compared  w ith  those o f  w ith d raw a l f rom  opia tes or 
b en zo d ia zep in e s , su ch  as d ia zepam  (V a l ium ) .



Conclusion: The  d if fe ren t  cannab ino id  receptor types found  in the 
b ody  appear to p la y  d i f fe ren t ro les in norma) p h > i io io g y .  In  add i t io n , 
some e f fe c ts  o f  cann ab in o id s  appear to  be independen t o f  those 
receptors . The va r ie ty  o f  m echan ism s through w h ich  cannab in o id s  
can in f lu en ce  hum an p h y s io lo g y  under l ie s  the va r ie ty  o f  po ten tia l 
therapeut ic  u ses fo r  d ru g s  that m igh t act se le c t iv e ly  on d if fe ren t 
cannab ino id  sy s tem s .

Recommendation: Research should continue into the 
physiological effects of synthetic and plant-derived cannabinoids 
and the natural function of cannabinoids found in the body. 
Because different cannabinoids appear to have different effects, 
cannabinoid research should include, but not be restricted to, 
effects attributable to T H C  alone.

Th is  chapter has sum m a r iz e d  recent progress in unde rs tand ing  the bas ic  
b io lo g y  o f  cannab ino id s  and p ro v id e s  a founda t ion  fo r the next tw o  
chapters w h ich  re v iew  s tu d ie s  on the potentia l health r isk s  (chapter 3) and 
bene f its  o f  m a r i ju ana  use (chap te r 4).
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Notes

The field o f neuroscience has grown substantially since the publication o f the 1982 IOM 
report. The num ber o f m embers in the Society for Neuroscience provides a rough measure of 
the growth in research and knowledge about the brain: as o f  the middle o f  1998, there were 
over 27,000 m em bers, more than triple the number in 1982

Affinity is a m easure o f how avidly a com pound binds to a receptor. The higher the affinity 
of a com pound, the higher its potency: that is. lower doses are needed to produce its effects.

Eicosanoids all contain a chain o f 20 carbon atoms and are named after eikosi. the G reek 
word for 2 0 .

4 N eurons are often defined by the primary neurotransm itter released at their terminals. Thus. 
cholinergic neurons release acetylcholine, noradrenergic neurons release noradrenalin (also 
known as norepinephrine), and glutamergic neurons release glutamate.

A fter a gene is transcribed, it is often spliced and modified into m R N A . or message RNA. 
The C B -2 mRNA is the gene "message" that moves from the cell nucleus into the cytoplasm 
where it will be translated into the receptor protein.

M itogens are substances that stim ulate cell division (m itosis) and cell transform ation.

W hile 3 mg/kg would be a high dose for humans (see I able 3.1), in rodents, it is a low 
dose for im m unological effects and a m oderate dose for behavioral effects.

In vitro studies are those in which animal cells or tissue are rem oved and studied outside 
the animal; in vivo studies are those in which experiments are conducted in the whole animal.
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First, Do No Harm: 
Consequences of Marijuana 

Use and Abuse

P r i r n u m  n o n  n o c e r e .  T h is  is the phys ic ian 's f irs t  rule: 
wha teve r treatment a phys ic ian  p resc r ibes to a pa t ien t-  
f ir s t ,  that treatment must not harm the patient.

The most con ten tious aspect o f  the m ed ica l m ar i juana  
debate is not whether m ar i juana  can a l le v ia te  pa r t icu la r  symp tom s but 
rather the degree j f  harm assoc ia ted  w ith  its use. T h is  chapter exp lo res the 
nega t ive  health consequences o f  m ar i juana  use, f irs t  w ith  respect to d rug 
abuse , then from a p sycho log ica l perspect ive , and f in a l l y  from a 
phy s io lo g ica l perspective .

T H E  M A R I J U A N A  " H I G H ”

The most com m on ly  reported e f fec ts  o f  sm oked  m ar i juana are a sense 
o f  w e l l- be ing  or euphoria and increased ta lk a t iv en e ss  and laughter 
a lte rna ting  w ith  per iods o f  in tro spect ive  d re am in e s s  fo l lo w ed  by le thargy
and s leep iness (see re v iew s by  A dam s and M a r t in ,  1996.1 Hall and
S o lo w i j ,^  and Ha ll et a l . ,1"). A charac te r is t ic  fea tu re  o f  a m ar i juana "h igh” 
is a d is to rt ion  in the sense o f  t ime assoc ia ted  w ith  d e f ic i t s  in short-term 
mem ory and learn ing. A  mari juana sm oke r t y p ic a l ly  has a sense o f  
enhanced phy s ica l and emotiona l en s i t iv i t y ,  in c lu d in g  a fe e l in g  o f greater 
in terpersona l c lo seness . The most o b v io u s  behav io ra l abno rm a lity  
d isp la yed  by someone under the in f lu ence  o f  m a r i ju ana  is d i f f i c u l t y  in 
ca r ry in g  on an in te l l ig ib le  conversa t ion , perhaps because  o f  an in ab i l i ty  to 
rem em ber what w a s ju s t  sa id even a few  w o rd s  ear l ie r .

The high assoc ia ted  w ith  m ar i juana  is not genera lly  c la im ed  to be 
in tegra l to its therapeut ic va lu e . But mood enhancemen t , anx ie ty  reduction.



and m i ld  sedat ion can be des irab le  qua l i t ie s  in m ed ic a t io n s- p a r t ic u la r ly  
fo r patients su f fe r in g  pain and anx ie ty . Thus , a lthough  the p sycho log ica l 
e f fec ts  o f  m ar i ju ana  are m ere ly  s ide  e f fec ts in the treatment o f  some 
symp tom s, they m igh t con tr ibu te  d ire c t ly  to re l ie f  o f  other symptoms. They 
a lso must be monitored in con tro l led  c l in ica l tr ia ls to d iscern wh ich  e ffec t 
o f  cannab ino id s is bene f ic ia l . These po s s ib i l i t ie s  are d is cu ssed  later under 
the d is cu s s io n s  o f  sp ec i f ic  sym p tom s in chapter 4.

The e f fe c ts  o f  va r iou s doses and routes o f  d e l iv e ry  o f  TH C  are shown in 
Tab le  3.1.

A d v e r s e  M o o d  R e a c t i o n s

A ltho ugh  euphoria is the more common reaction to sm ok in g  mar i juana , 
adve rse  mood reactions can occur . Such reactions occu r most frequen t ly  in 
inexper ienced users a fter large doses o f  smoked or oral mari juana . They 
u su a l ly  d isappear w ith in  hours and respond w e l l  to reassurance and a 
support ive  env ironment. A n x ie ty  and paranoia are the most common acute
adverse  reac t ion s ;v4 others in c lu de  panic, depress ion , dysphor ia ,
depersona l iza t ion , de lu s ion s , i l lu s io n s ,  and h a l lu c in a t io n s . I,4u,h(),<’u O f  
regu la r m ar i juana  smokers , 17% report that they have exper ienced at least
one o f  the sym p tom s , u su a l ly  e a r ly  in their use o f  m a r i ju a n a .14 Those 
ob se rva t ion s are p a r t icu la r ly  re levan t fo r the use o f  m ed ica l m ar i juana in 
people w ho  have not p re v io u s ly  used mari juana .

D R U G  D Y N A M I C S

There arc many m isunde rs tand in g s  about d rug  abuse and dependence
(see review's b> O 'B r ien114 and Go ld s te in  '4). The terms and concepts used 
in th is report are as de f in ed  in the most recent D i a g n o s t i c  a n d  S t a t i s t i c a l
M a n u a l  o f  M e n t a l  D i s o r d e r s  (D S M - I V )/  the most in f lu en t ia l sy s tem  in 
the Un ited  States fo r  d iagnoses o f  mental d iso rde rs , in c lu d in g  substance 
abuse (see Box .V I) . To le rance , dependence , and w ithdraw'al are often 
presumed to im p ly  abuse or add ic t io n , but th is  is not the case. To le rance  
and dependence are n o r m a l  p h y s io lo g ica l adap ta tions to repeated use o f  
any d rug . The correct use o f  p re sc r ibed  m ed ica t ion s fo r pain , anx ie ty , and 
even hypertens ion com m on ly  p roduces to lerance and som e measure o f  
ph y s io lo g ica l dependence.

E ven  a patient w ho  takes a m ed ic in e  fo r appropriate m ed ica l ind ica tions 
and at the correct dosage can d e ve lop  to le rance , phys ica l dependence , and 
w ith d raw a l sym p tom s i f  the d ru g  is stopped ib rup t ly  rather than g radua l ly . 
For exam p le , a hypertens ive  patient re ce iv in g  a beta-adrenerg ic receptor 
b lo cke r , su ch  as p roprano lo l, m igh t have a good therapeut ic  response; but 
i f  the d rug  is s lopped ab rup t ly ,  there can be a w ith d raw a l synd rom e that 
con s is ts  o f  tachyca rd ia  and a rebound increase in b lood pressure to a point 
that is tempora r i ly  h igher than befo re adm in is t ra t ion  o f  the med ica t ion 
began.

Because  it is an i l le g a l sub s tance , some peop le co n s id e r  any use o f
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mari juana as substance »buse. However , th is report uses the med ica l 
de f in it ion ; that is, substance abuse is a ma ladap tive  pattern o f  repeated 
substance use man ifested  by recurrent and s ign if ican t adverse
consequences.'’ Substance abuse and dependence are both d iagnoses o f  
patho log ica l substance use. Dependence is the more ser ious d iagno s is  and 
im p lie s  com pu ls iv e  drug use that is d i f f i c u l t  to stop despite s ign if ican t 
substance-re lated prob lem s (see Box 3.2).

R e i n f o r c e m e n t

D rugs va ry  in the ir a b i l i t y  to produce good fe e l in g s  in u sers, and the 
more s trong ly  re in fo rc ing  a d rug  is, the more l ik e ly  it w i l l  be abused (G. 
Koob , Inst itu te o f  M ed ic in e  ( IO M ) workshop). M ar i ju ana  is in d isp u tab ly  
re in fo rc ing  fo r many people. The re in fo rc ing properties o f  even so m i ld  a 
s t im u lan t as ca ffe ine  are typ ica l o f  re in fo rcement by  add ic t ing  drugs
( rev iewed by G o ld s te in ’ 4 in 1994). C a ffe ine  is re in fo rc ing  fo r many people 
at low  doses (100— 200 mg. the average amount o f  ca f fe ine  in one to tw o  
cups o f  coffee) and is a ve rs iv e  at h igh doses (600 mg. the average amount 
o f  ca ffe ine in s ix  cups o f  co ffee) . The re in fo rc ing e f fec ts  o f  many d rug s  are 
d if fe ren t fo r d if fe ren t people. Fo r examp le , ca f fe ine  was most re in fo rc ing 
fo r test sub jec ts w ho  scored lowest on tests o f  anx ie ty  but tended not to be 
re in fo rc ing fo r  the most anx ious sub jec ts .

A s  an argument to d ispu te  the abuse  potentia l o f  mar i juana , some have 
c ited the observa t ion  that an im a ls  do not w i l l in g ly  se lf-adm in is te r TH C , as 
they w i l l  coca ine . Even i f  that were true, it w ou ld  not be re levan t to human 
use o f  marijuana. The va lu e  in an ima l m ode ls  o f  d rug  se lf-adm in is tra t ion  is 
not that they are necessary to show  that a d rug  is re in fo rc ing  but rather that 
they prov ide a model in w h ich  the e f fe c ts  o f  a d rug  can be stud ied . 
Furthermore , TH C  is indeed rew ard ing  to an im a ls  at some doses but, l ik e
many re in fo rc ing d rug s , is a ve rs iv e  at h igh doses (4.0 mg/kg). ' S im i la r  
e f fe c ts  have been found in exper im en ts  conducted  in an im a ls  ou tf i t ted  w ith 
in travenous catheters that a l lo w  them to se lf-adm in is te r W IN  55,212, a
d rug  that m im ic s  the e f fe c ts  o f  T H C .1,111

A spec if ic  set o f  neural pa thways has been proposed to be a "reward 
sy s tem " that under l ie s the re in fo rcement o f  d rug s o f  abuse and other
p leasu rab le  s t im u l i . ’ 1 R e in fo rc in g  propert ies o f  d rug s are assoc ia ted w ith  
the ir a b i l i ty  to increase concen tra t ion s o f  part icu la r neurotransm itters in 
areas that are part o f  the proposed bra in reward system . The median 
fo rebra in  bund le  and the nu c leu s  ac cum bcn s  are assoc ia ted  w ith brain
reward  pa thw ays .s,s Coca ine , amphetam ine , a lcoho l, op io ids , n ico tine , and
T H C 144 all increase e x t ra ce l lu la r  f lu id  dopam ine in the nuc leu s accum ben s
reg ion ( rev iewed by  K oob  and Le M o a l s * and N est le r  and A gh a ja n ia n1 ,!l 
in 1997). H ow eve r ,  it is important to note that brain reward sy s tem s are not 
s t r ic t ly  "drug re in fo rcemen t cen ters ." Rather, the ir b io log ica l ro le is to 
respond to a range o f  po s it iv e  s t im u l i ,  in c lu d in g  swee t food s and sexua l 
attraction.



Tolerance

The rate at which tolerance to the various effects of any drug develops 
is an important consideration for its safety and efficacy. For medical use. 
tolerance to some effects of cannabinoids might be desirable. Differences 
in the rates at which tolerance to the multiple effects of a drug develops 
can be dangerous. For example, tolerance to the euphoric effects of heroin 
develops faster than tolerance to its respiratory depressant effects, so heroin 
users tend to increase their daily doses to reach their desired level of 
euphoria, thereby putting themselves at risk for respiratory arrest. Because 
tolerance to the various effects of cannabinoids might develop at different 
rates, it is important to evaluate independently their effects on mood, motor 
performance, memory, and attention, as well as any therapeutic use under 
investigation.

Tolerance to most of the effects of marijuana can develop rapidly after 
only a few doses, and it also disappears rapidly. Tolerance to large doses 
has been found to persist in experimental animals for long periods after 
cessation of drug use. Performance impairment is less among people who 
use marijuana heavily than it is among those who use marijuana only
occasionally,"4,1**4,124 possibly because of tolerance. Heavy users tend to 
reach higher plasma concentrations of THC than light users after similar 
doses of THC, arguing against the possibility that heavy users show less 
performance impairment because they somehow absorb less THC (perhaps
due to differences in smoking behavior).'”

There appear to be variations in the development of tolerance to the 
different effects of marijuana and oral THC. For example, daily marijuana 
smokers participated in a residential laboratory study to compare the
development of tolerance to THC pills and to smoked marijuana/’1 ,<>2 One 
group was given marijuana ciga^nes to smoke four times per day for four 
consecutive days; another group ..as given THC pills on the same schedule. 
During the four-day period, both groups became tolerant to feeling "high" 
and what they reported as a "good drug effect." In contrast, neither group 
became tolerant to the stimulatory effects of marijuana or THC on appetite. 
"Tolerance" does not mean that the drug no longer produced the effects but 
simply that the effects were less at the end than at the beginning of the 
four-day period. The marijuana smoking group reported feeling "mellow" 
after smoking and did not show tolerance to this effect; the group that took 
THC pills did not report feeling "mellow." The difference was also 
reported by many people who described their experiences to the IOM study 
team.

The oral and smoked doses were designed to deliver roughly equivalent 
amounts of THC to a subject. Each smoked marijuana dose consisted of 
five 10-second puffs of a marijuana cigarette containing 3.1% THC; the 
pills contained 30 mg of THC. Both groups also received placebo drugs 
daring other four-day periods. Although the dosing of the tw'o groups was 
comparable, different routes of administration resulted in different patterns 
of drug effect. The peak effect of smoked marijuana is usually felt within



minutes and declines sharply after 30 minutes ; the peak effect of oral 
THC is usually not felt until about an hour and lasts for several hours. '

Withdrawal

A distinctive marijuana and THC withdrawal syndrome has been 
identified, but it is mild and subtle compared with the profound physical
syndrome of alcohol or heroin withdrawal.’ 1, 1 The symptoms of 
marijuana withdrawal include restlessness; irritability, mild agitation, 
insomnia, sleep EEG disturbance, nausea, and cramping (Table 3.2). In 
addition to those symptoms, two recent studies noted several more. A 
group of adolescents under treatment for conduct disorders also reported 
fatigue and illusions or hallucinations after marijuana abstinence (this study 
is discussed further in the section on "Prevalence and Predictors of
Dependence on Marijuana and Other Drugs"). ' 1 In a residential study of 
daily marijuana users, withdrawal symptoms included sweating and runny
nose, in addition to those listed above.,v A marijuana withdrawal 
syndrome, however, has been reported only in a group of adolescents in
treatment for substance abuse problems *1 and in a research setting where
subjects were given marijuana or THC daily/’2, 4

Withdrawal symptoms have been observed in carefully controlled 
laboratory studies of people after use of both oral THC and smoked
marijuana/'1,62 In one study, subjects were given very' high doses of oral 
THC: 180—210 mg per day for 10—20 days, roughly equivalent to
smoking 9— 10 2% THC cigarettes per day. 4 During the abstinence period 
at the end of the stû y, the study subjects were irritable and showed 
insomnia, runny nose, sweating, and decreased appetite. The withdrawal 
symptoms, however, were short lived. In four days they had abated. The 
time course contrasts with that in another study in which lower doses of 
oral THC were used (80— 120 mg/day for four days) and withdrawal
symptoms were still near maximal after four days/’1,1,2

In animals, simply discontinuing chronic heavy dosing of THC does not 
reveal withdrawal symptoms, but the "removal" of THC from the brain can 
be made abrupt by another drug that blocks THC at its receptor if 
administered when the chronic THC is withdrawn. The withdrawal 
syndrome is pronounced, and the behavior of the animals becomes
hyperactive and disorganized.1' ’ The half-life of THC in brain is about an
hour.1,1,24 Although traces of THC can remain in the brain for much longer 
periods, the amounts are not physiologically significant. Thus, the lack of a 
withdrawal syndrome when THC is abruptly withdrawn without 
administration of a receptor-blocking drug is probably not due to a 
prolonged decline in brain concentrations.

C r a v i n g

Craving, the intense desire for a drug, is the most difficult aspect of



addiction to overcome. Research on craving has focused on nicotine, 
alcohol, cocaine, and opiates but has not specifically addressed
marijuana.11 ’ Thus, while this section briefly review's what is known about 
drug craving, its relevance to marijuana use has not been established.

Most people who suffer from addiction relapse within a year of
abstinence, and they often attribute their relapse to craving.vs As addiction 
develops, craving increases even as maladaptive consequences accumulate. 
Animal studies indicate that the tendency to relapse is based on changes in 
brain function that continue for months or years after the last use of the
drug.11 Whether neurobiological conditions change during the 
manifestation of an abstinence syndrome remains an unanswered question 
in drug abuse research.'̂  The "liking" of sweet foods, for example, is 
mediated by opioid forebrain systems and by brain stem systems, whereas 
"wanting" seems to be mediated by ascending dopamine neurons that
project to the nucleus accumbens.|,,t’

Anticraving medications have been developed for nicotine and alcohol. 
The antidepressant, bupropion, blocks nicotine craving, while naltrexone
blocks alcohol craving.11' Another category of addiction medication 
includes drugs that block other drugs' effects. Some of those drugs also 
block craving. For example, methadone blocks the euphoric effects of 
heroin and also reduces craving.

M A R I J U A N A  U S E  A N D  D E P E N D E N C E

P r e v a l e n c e  o f  U s e

Millions of Americans have tried marijuana, but most are not regular 
users. In 1996. 68.6 million people-32% of the U.S. population over 12 
years old--had tried marijuana or hashish at least once in their lifetime, but
only 5% were current users.1 Marijuana use is most prevalent among 18-
to 25-year-olds and declines sharply after the age of 34 (Figure 3.1). -1 
Whites are more likely than blacks to use marijuana in adolescence,
although the difference Jecreases by adulthood.1 v

Most people who have used marijuana did so first during adolescence. 
Social influences, such as peer pressure and prevalence of use by peers, are
highly predictive of initiation into marijuana use.w Initiation is not, of 
course, synonymous with continued or regular use. A cohort of 456 
students who experimented with marijuana during their high school years 
were surveyed about their reasons for initiating, continuing, and stopping
their marijuana use/’ Students who began as heavy users w'ere excluded 
from the analysis. Those who did not become regular marijuana users cited 
two types of reasons for discontinuing. The first was related to health and 
well-being; that is, they felt that marijuana was bad for their health or for 
their family and work relationships. The second type was based on age- 
related changes in circumstances, including increased responsibility and



decreased regular contact with other marijuana users. Among high school 
students who quit, parental disapproval was a stronger influence than peer 
disapproval in discontinuing marijuana use. In the initiation of marijuana 
use, the reverse was true. The reasons cited by those who continued to use 
marijuana were to "get in a better mood or feel better." Social factors were 
not a significant predictor of continued use. Data on young adults show 
similar trends. Those who use drugs in response to social influences are 
more likely to stop using them than those who also use them for
psychological reasons.*0

The age distribution of marijuana users among the general population 
contrasts with that of medical marijuana t'-ers. Marijuana use generally 
declines sharply after the age of 34 years, whereas medical marijuana users 
lend to be over 35. That raises the question of what, if any, relationship 
exists between abuse and medical use of marijuana; however, no studies 
reported in the scientific literature have addressed this question.

P r e v a l e n c e  a n d  P r e d i c t o r s  o f  D e p e n d e n c e  o n  
M a r i j u a n a  a n d  O t h e r  D r u g s

Many factors influence the likelihood that a particular person will 
become a drug abuser or an addict; the user, the environment, and the drug
are all important factors (Table 3.3).114 The first two categories apply to 
potential abuse of any substance; that is, people who are vulnerable to drug 
abuse for individual reasons and who find themselves in an environment 
that encourages drug abuse are initially likely to abuse the most readily 
available drug--regardless of its unique set of effects on the brain.

The third category includes drug-specific effects that influence the abuse 
liability of a particular drug. As discussed earlier in this chapter, the more 
strongly reinforcing a drug is, the more likely that it will be abused. The 
abuse liability of a drug is enhanced by how quickly its effects arc felt, and 
this is determined by how the drug is delivered. In general, the effects of 
drugs that are inhaled or injected are felt within minutes, and the effects of 
drugs that are ingested take a half hour or more.

The proportion of people who become addicted varies among drugs.
1 able 3.4 shows estimates for the proportion of people among the general 
population who used or became dependent on different types of drugs. The 
proportion of users that ever became dependent includes anyone who was 
ever dependent--whether it was for a period of weeks or years--and thus 
includes more than those who are currently dependent. Compared to most 
other drugs listed in this table, dependence among marijuana users is 
relatively rare. This might be due to differences in specific drug effects, the 
availability of or penalties associated with the use of the different drugs, or 
some combination.

Daily use of most illicit drugs is extremely rare in the general 
population. In 1989. daily use of marijuana among high school seniors was
less than that of alcohol (2.9% and 4.2%, respectively).''1



than in others. Age, gender, and race or ethnic group are all important.* 
Excluding tobacco and alcohol, the following trends of drug dependence
are statistically significant:* Men are 1.6 times as likely than women to 
become drug dependent. non-Hispanic whites are about twice as likely as 
blacks to become drug dependent (the difference between non-Hispanic 
and Hispanic whites was not significant), and people 25 — 44 years old are 
more than three times as likely as those over 45 years old to become drug 
dependent.

More often than not, drug dependence co-occurs with other psychiatric 
disorders. Most people with a diagnosis of drug dependence disorder also 
have a diagnosis of a another psychiatric disorder (76% of men and 65%
of women). 6 The most frequent co-occurring disorder is alcohol abuse; 
60% of men and 30% of women with a diagnosis of drug dependence also 
abuse alcohol. In women who are drug dependent, phobic disorders and 
major depression are almost equally common (29%; and 28%. respectively). 
Note that this study distinguished only between alcohol, nicotine and 
"other drugs"; marijuana was grouped among "other drugs." The frequency 
with which drug dependence and other psychiatric disorders co-occur 
might not be the same for marijuana and other drugs that were included in 
that category.

A strong association between drug dependence and antisocial 
personality or its precursor, conduct disorder, is also widely reported in
children and adults (reviewed in 1998 by Robins126). Although the causes 
of the association are uncertain. Robins recently concluded that it is more 
likely that conduct disorders generally lead to substance abuse than the
reverse.126 Such a trend might, however, depend on the age at which the 
conduct disorder is manifested.

A longitudinal study by Brooks and co-workers noted a significant 
relationship between adolescent drug use and disruptive disorders in young 
adulthood; except for earlier psychopathology, such as childhood conduct
disorder, the drug use preceded the psychiatric disorders.1' In contrast with 
use of other illicit drugs and tobacco, moderate (less than once a week and 
more than once a month) to heavy marijuana use did not predict anxiety or 
depressive disorders; but it was similar to those other drugs in predicting 
antisocial personality disorder. The rates of disruptive disorders increased 
with increased drug use. Thus, heavy drug use among adolescents can be a 
warning sign for later psychiatric disorders: whether it is an early 
manifestation of or a cause of those disorders remains to be determined.

Psychiatric disorders are more prevalent among adolescents who use
drugs—including alcohol and nicotine—than among those who do not.,v) 
Table 3.5 indicates that adolescent boys who smoke cigarettes daily are 
about 10 times as likely to have a psychiatric disorder diagnosis as those 
who do not smoke. However, the table does not compare intensity of use 
among the different drug classes. T f is, although daily cigarette smoking 
among adolescent boys is more strongly associated with psychiatric

Drug dependence is more prevalent in some sectors of the population



disorders than is any use of illicit substances, it does not follow that this 
comparison is true for every amount of cigarette smoking.74

Few marijuana users become dependent on it (Table 3.4), but those who 
do encounter problems similar to those associated with dependence on
other drugs.14,14' Dependence appears to be less severe among people who 
use only marijuana than among those who abuse cocaine or those who
abuse marijuana with other drugs (including alcohol).14,14*

Data gathered in 1990—1992 from the National Comorbidity Study of 
over 8,000 persons 15 — 54 years old indicate that 4.2% of the general
population were dependent on marijuana at some time.* Similar results for 
the frequency of substance abuse among the general population were 
obtained from the Epidemiological Catchment Area Program, a survey of 
over 19,000 people. According to data collected in the early 1980s for that 
study, 4.4% of adults have, at one time, met the criteria for marijuana 
dependence. In comparison, 13.8% of adults met the criteria for alcohol 
dependence and 36.0% for tobacco dependence. After alcohol and nicotine, 
marijuana v is the substance most frequently associated with a diagnosis of 
substance dependence.

In a 15-year study begun in 1979, 7.3% of 1.201 adolescents and young 
adults in suburban New Jersey at some time met the criteria for marijuana 
dependence; this indicates that the rate of marijuana dependence might be 
even higher in some groups of adolescents and young adults than in the 
general population. 1 Adolescents meet the criteria for drug dependence at 
lower rates of marijuana use than do adults, and this suggests that they are 
more vulnerable to dependence than adults2 ’ (see Bo . 3.2).

Youths who are already dependent on other substances are particularly 
vulnerable to marijuana dependence. For example. Crowley and co­
workers '* interviewed a group of 229 adolescent patients in a residential 
treatment program for delinquent, substance-involved youth and found that 
those patients were dependent on an average of 3.2 substances. The 
adolescents had previously been diagnosed as dependent on at least one 
substance (including nicotine and alcohol) and had three or more conduct 
disorder symptoms during their life. About 83% of those w’ho had used 
marijuana at least six times went on to develop marijuana dependence. 
About equal numbers of youths in the study had a diagnosis of marijuana 
dependence and a diagnosis of alcohol dependence; fewer were nicotine 
dependent. Comparisons of dependence potential between different drugs 
should be made cautiously. The probability that a particular drug will be 
abused is influenced by many factors, including the specific drug effects 
and availability of the drug.

Although parents often state that marijuana caused their children to be 
rebellious, the troubled adolescents in the study by Crowley and co- 
w’orkers developed conduct disorders before marijuana abuse. That is 
consistent with reports that the more symptoms of conduct disorders
children have, the younger they begin drug abuse,1- and that the earlier



they begin drug use, the more likely it is to be followed by abuse or 
dependence.125

Genetic factors are known to play a role in the likelihc. J of abuse for
drugs other than marijuana, •124 and it is not unexpected that genetic 
factors play a role in the marijuana experience, including the likelihood of 
abuse. A study of over 8,000 male twins listed in the Vietnam Era Twin 
Registry indicated that genes have a statistically significant influence on
whether a person finds the effects of marijuana pleasant.4 Not 
surprisingly, people who found marijuana to be pleasurable used it more 
often than those who found it unpleasant. The study suggested that, 
although social influences play an important role in the initiation of use, 
individual diffcrences-perhaps associated with the brain's reward system-- 
influence whether a person will continue using marijuana. Similar results
were found in a study of female twins.*6 Family and social environment 
strongly influenced the likelihood of ever using marijuana but had little 
effect on the likelihood of heavy use or abuse. The latter were more 
influenced by genetic factors. Those results are consistent with the finding
that the degree to which rats find THC rewarding is genetically based. -

In summary, although few marijuana users develop dependence, some 
do. But they appear to be less likely to do so than users of other drugs 
(including alcohol and nicotine), md marijuana dependence appears to be 
less severe than dependence on other drugs. Drug dependence is more 
prevalent in some sectors of the population than others, but no group has 
been identified as particularly vulnerable to the drug-specific effects of 
marijuana. Adolescents, especially troubled ones, and people with 
psychiatric disorders (including substance abuse) appear to be more likely 
than the general population to become dependent on marijuana.

If marijuana or cannabinoid drugs were approved for therapeutic uses, it 
would be important to consider the possi1 • lity of dependence, particularly 
for patients at high risk for substance dependence. Some controlled 
substances that are approved medications produce dependence after long­
term use; this, however, is a normal part of patient management and does 
not generally present undue risk to the patient.

P r o g r e s s i o n  f r o m  M a r i j u a n a  t o  O t h e r  D r u g s

The fear that marijuana use might cause, as opposed to merely precede, 
the use of drugs that are more harmful is of great concern. To judge from 
comments submitted to the IOM study team, it appears to be of greatei 
concern than the harms directly related to marijuana itself. The discussion 
that marijuana is a "gateway" drug implicitly recognizes that other illicit 
drugs might inflict greater damage to health or social relations than 
marijuana. Although the scientific literature generally discusses drug use 
progression between a variety of drug classes, including alcohol and 
tobacco, the public discussion has focused on marijuana as a "gateway" 
drug that leads to abuse of more harmful illicit drugs, such as cocaine and 
heroin.



There are strikingly regular patterns in the progression of drug use from 
adolescence to adulthood. Because it is the most widely used illicit drug, 
marijuana is predictably the first illicit drug that most people encounter.
Not surprisingly, most users of other illicit drugs used marijuana first.*1’*2 
In fact, most drug users do not begin their drug use with marijuana--they 
begin with alcohol and nicotine, usually when they are too young to do so
legally.*2’40

The gateway analogy evokes two ideas that are often confused. The first, 
more often referred to as the "stepping stone" hypothesis, is the idea that 
progression from marijuana to other drugs arises from pharmacological
properties of marijuana itself.*2 The second is that marijuana serves as a 
gateway to the world of illegal drugs in which youths have greater 
opportunity and are under greater social pressure to try other illegal drugs. 
The latter interpretation is most often used in the scientific literature, and it 
is supported, although not proven, by the available data.

The stepping stone hypothesis applies to marijuana only in the broadest 
sense. People who enjoy the effects of marijuana are. logically, more likely 
to be willing to try other mood-altering drugs than are people who are not 
willing to try marijuana or who dislike its effects. In other words, many of 
the factors associated with a willingness to use marijuana are, presumably, 
the same as those associated with a willingness to use other illicit drugs. 
Those factors include physiological reactions to the drug effect, which are 
consistent with the stepping stone hypothesis, but also psychosocial factors, 
which are independent of drug-specific effects. There is no evidence that 
marijuana serves as a stepping stone on the basis of its particular 
physiological effect. One might argue that marijuana is generally used 
before other illicit mood-altering drugs, in part, because its effects are 
milder; in that case, marijuana is a stepping stone only in the same sense as 
taking a small dose of a particular drug and then increasing t! it dose over 
time is a stepping stone to increased drug use.

Whereas the stepping stone hypothesis presumes a predominan y 
physiological component of drug progression, the gateway theory is a 
social theory. The latter does not suggest that the pharmacological qualities 
of marijuana make it a risk factor for progression to other drug use.
Instead, the legal status of marijuana makes it a gateway drug.*2

Psychiatric disorders are associated with substance dependence and are 
probably risk factors for progression in drug use. For example, the troubled
adolescents studied by Crowley and co-workers'1 were dependent on an 
ave’ ige of 3.2 substances, and this suggests that their conduct disorders 
w'eie associated with increased risk of progressing from one drug to 
another. Abuse of a single substance is probably also a risk factor for later 
multiple drug use. For example, in a longitudinal study that examined drug 
use and dependence, about 26% of problem drinkers reported that they first 
used marijuana after the onset of alcohol-related problems (R. Pandina,
IOM workshop). The study also found that 11% of marijuana users



Intensity of drug use is an important risk factor in progression. Daily 
marijuana users are more likely than their peers to be extensive users of
other substances (for review, see Kandel and Davies s). Of 34- to 35-year- 
old men who had used marijuana 10—99 times by the age 24—25. 75% 
never used any other illicit drug; 53% of those who had used it more than
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100 times did progress to using other illicit drugs 10 or more times. 
Comparable proportions for women are 64% and 50%.

The factors that best predict use of illicit drugs other than marijuana are 
probably the following: age of first alcohol or nicotine use, heavy 
marijuana use. and psychiatric disorders. However, progression to illicit 
drug use is not synonymous with heavy or persistent drug use. Indeed, 
although the age of onset of use of licit drugs (alcohol and nicotine) 
predicts later illicit drug use, it does not appear to predict persistent or
heavy use of illicit drugs.40

Data on the gateway phenomenon are c*'4 > overinterpreted. For 
example, one study reports that "marijuan, s role as a gateway drug
appears to have increased."”  It was a retrospective study based on 
interviews of drug abusers who reported smoking crack or injecting heroin 
daily. The data from the study provide no indication of what proportion of 
marijuana users become serious drug abusers; rather, they indicate that 
serious drug abusers usually use marijuana before they smoke crack or 
inject heroin. Only a small percentage of the adult population uses crack or 
heroin daily; during the five-year period from 1993 to 1997, an average of 
three people per 1,000 used crack and about two per 1.000 used heroin in

in*)
the preceding month.

Many of the data on which the gateway theory is based do not measure 
dependence; instead, they measure use--even once-only use. Thus, they 
show only that marijuana users are more likely to use other illicit drugs 
(even if only once) than are people who never use marijuana, not that they 
become dependent or even frequent users. The authors of these studies are 
careful to point out that their data should not be used as evidence of an 
inexorable causal progression; rather they note that identifying stage-based 
user groups makes it possible to identify the specific risk factors that 
predict movement from one stage of drug use to the next-the real issue in
the gateway discussion.2’

In the sense that marijuana use typically precedes rather than follows 
initiation into ise of other illicit drugs, it is indeed a gateway drug. 
However, it doe:, not appear to be a gateway drug to the extent that it is the 
cause or even that it is the most significant predictor of serious drug abuse; 
that is, care must be taken not to attribute cause to association. The most 
consistent predictors of serious drug use appear to be the intensity of 
marijuana use and co-occurring psychiatric disorders or a family history of

developed chronic marijuana problems; most also had alcohol problems.

psychopathology (including alcoholism).,s ,s '



An important caution is that data on drug use progression pertain to 
nonmedical drug use. It does not follow from those data that if marijuana 
were available by prescription for medical use, the pattern of drug use 
would be the same. Kandel and co-workers also included nonmedical use
ot prescription psychoactive drugs in their study of drug use progression 
In contrast with the use of alcohol, nicotine, and illicit drugs, there was not 
a clear and consistent sequence of drug use involving the abuse of 
prescription psychoactive drugs. The current data on drug use progression 
neither support nor refute the suggestion that medical availability would 
increase drug abuse among medical marijuana users. Whether the medical 
use of marijuana might encourage drug abuse among the general 
community—not among medical marijuana users themselves but among 
others simpl) because of the ' ict that marijuana would be used for medical 
purposes-is another question.

L I N K  B E T W E E N  M E D I C A L  U S E  A N D  D R U G  A B U S E

Almost everyone who spoke or wrote to the IOM study team about the 
potential harms poseJ by the medical use of marijuana felt that it would 
send the wrong message to children and teenagers. They stated that 
information about the harms caused by marijuana is undermined by claims 
that marijuana might have medical value. Yet many of our powerful 
medicines are also dangerous medicines. These two facets of medicine— 
effectiveness and risk—are inextricably linked.

The question here is not whether marijuana can be both harmful and 
helpful but w hether the perception of its benefits will increase its abuse.
For now' any answer to the question remains conjecture. Because marijuana 
is not an approved medicine, there is little information about the 
consequences of its medical use in modern society. Reasonable inferences 
might be draw n from some examples. Opiates, such as morphine and 
codeine, are an example of a class of drugs that is both abused to great 
harm and used to great medical benefit, and it would be useful to examine 
the relationship between their medical use and their abuse. In a "natural 
experiment" during 1973— 1978 some states decriminalized marijuana, and 
others did not. Finally, one can examine the short-term consequences of 
the publicity surrounding the 1996 medical marijuana campaign in 
California and ask w-hether it had any measurable impact on marijuana 
consumption among youth in California; the consequences of "message" 
that marijuana might have medical use are examined below.

M e d i c a l  U s e  a n d  A b u s e  o f  O p i a t e s

Two highly influential papers published in the 1920s and 1950s led to 
widespread concern among physicians and medical licensing boards that 
liberal use of opiates would result in many addicts (reviewed by Moulin
and co-workers106 in 1996). Such fears have proven unfounded; it is now 
recognized that fear of producing addicts through medical treatment 
resulted in needless suffering among patients with pain as physicians 
needlessly limited appropriate doses of medications.- ,4“ Few people begin



their drug addiction problems with misuse of drugs that have been 
prescribed for medical use.114 Opiates are carefully regulated in the 
medical setting, and diversion of medically prescribed opiates to the black 
market is not generally considered to be a major problem.

No evidence suggests that the use of opiates or cocaine for medical 
purposes has increased the perception that their illicit use is safe or 
acceptable. Clearly, there are risks that patients will abuse marijuana for its 
psychoactive effects and some likelihood of diversion of marijuana from 
legitimate medical channels into the illicit market. But those risks do not 
differentiate marijuana from many accepted medications that are abused by 
some patients or diverted from medical channels for nonmedical use. 
Medications with abuse potential are placed in Schedule (I of the 
Controlled Substances Act, which brings them under stricter control, 
including quotas on the amount that can be legally manufactured (see 
chapter 5 for discussion of the Controlled Substances Act). That scheduling 
also signals to physicians that a drug has abuse potential and that they 
should monitor its use by patients who could be at risk for drug abuse.

Marijuana Decriminalization

Monitoring the Future, the annual survey of values and lifestyles of high 
school seniors, revealed that high school seniors in decriminalized states 
reported using no more marijuana than did their counterparts in states
where marijuana was not decriminalized. 2 Another study reported 
somewhat conflicting evidence indicating that decriminalization had
increased marijuana use.1'1' That study used data from the Drug Awareness 
Warning Network (DAWN), which has collected data on drug-related 
emergency room (ER) cases since 1975. There was a greater increase from 
1975 to 1978 in the proportion of ER patients who had used marijuana in 
states that had decriminalized marijuana in 1975— 1976 than in states that 
had not decriminalized it (Table 3.6). Despite the greater increase among 
decriminalized states, the proportion of marijuana users among ER patients 
by 1978 was about equal in states that had and states that had not 
decriminalized marijuana. That is because the non-decrirninalized states 
had higher rates of marijuana use before decriminalization. In contrast with 
marijuana use, rates of other illicit drug use among ER patients were 
substantially higher in states that did not decriminalize marijuana use.
Thus, there are different possible reasons for the greater increase in 
marijuana use in the decriminalized states. On the one hand, 
decriminalization might have led to an increased use of marijuana (at least 
among people who sought health care in hospital ERs). On the other hand, 
the lack of decriminalization might have encouraged greater use of drugs 
that are even more dangerous than marijuana.

The differences between the results for high school. niors from the 
Monitoring the Future study and the DAWN data are unclear, although the 
author of the latter study suggests that the reasons might lie in limitations
inherent in how the DAWN data are collected.10’



In 1976, the Netherlands adopted a policy of toleration for possession of 
up to 30 g of marijuana. There was little change in marijuana use during 
the seven years after the policy change, which suggests that the change 
itself had little effect; how-ever. in 1984, when Dutch "coffee shops" that 
sold marijuana commercially spread throughout Amsterdam, marijuana use 
began to increase.4* During the 1990s. marijuana use has continued to 
increase in the Netherlands at the same rate as in the United States and 
Norway-two countries that strictly forbid marijuana sale and possession. 
Furthermore, during this period, approximately equal percentages of 
American and Dutch 18 year olds used marijuana; Norwegian 18 ypor olds 
were about half as likely to have used marijuana. The authors of this study 
conclude that there is little evidence that the Dutch marijuana 
depenalization policy led to increased marijuana use, although they note 
that commercialization of marijuana might have contributed to its increased 
use. Thus, there is little evidence that decriminalization of marijuana use 
necessarily leads to a substantial increase in marijuana use.

The Medical Marijuana Debate

The most recent National Household Survey on Drug Abuse showed 
that among people 12—17 years old the perceived risk associated with 
smoking marijuana once or twice a week had decreased significantly
between 1996 and 1997.1,2 (Perceived risk is measured as the percentage 
of survey respondents who report that they "perceive great risk of harm" in 
using a drug at a specified frequency.) At first glance, that might seem to 
validate the fear that the medical marijuana debate of 1996--before passage 
of the California medical marijuana referendum in November 1997-had 
sent a message that marijuana use is safe. But a closer analysis of the data 
shows that Californian youth were an exception to the national trend. In 
contrast to the national trend, the perceived risk of marijuana use did not 
change among California youth between 1996 and 1997.1'-1 In summary, 
there is no evidence that the medical marijuana debate has altered
adolescents' perceptions of the risks associated with marijuana use. '*

P S Y C H O L O G I C A L  H A R M S

In assessing the relative risks and benefits related to the medical use of 
marijuana, the psychological effects of marijuana can be viewed both as 
unwanted side effects and as potentially desirable end points in medical 
treatment. However, the vast majority of research on the psychological 
effects of marijuana has been in the context of assessing the drug's 
intoxicating effects when it is used for nonmedical purposes. Thus, the 
literature does not directly address the effects of marijuana taken for 
medical purposes.

There are some important caveats to consider in attempting to 
extrapolate from the research mentioned above to the medical use of 
marijuana. The circumstances under which psychoactive drugs are taken 
are an important influence on their psychological effects. Furthermore, 
research protocols to study marijuana's psychological effects in most



instances were required to use participants who already had experience 
with marijuana. People who might have had adverse reactions to marijuana 
either would choose not to participate in this type of study or would be 
screened out by the investigator. Therefore, the incidence of adverse 
reactions to marijuana that might occur in people with no marijuana 
experience cannot be estimated from such studies. A further complicating 
factor concerns the dose regimen used for laboratory studies. In most 
instances, laboratory research studies have looked at the effects of single 
doses of marijuana, which might be different from those observed when 
the drug is taken repeatedly for a chronic'medical condition.

Nonetheless, laboratory studies are useful in suggesting what 
psychological functions might be studied when marijuana is evaluated for 
medical purposes. Results of laboratory studies indicate that acute and 
chronic marijuana use has pronounced effects on mood, psychomotor, and 
cognitive functions. These psychological domains should therefore be 
considered in assessing the relative risks and therapeutic benefits related to 
marijuana or cannabinoids for any medical condition.

P s y c h i a t r i c  D i s o r d e r s

A major question remains as to whether marijuana can produce lasting 
mood disorders or psychotic disorders, such as schizophrenia. Georgotas
and Zeidenberg’ 2 reported that smoking 10—22 marijuana cigarettes per 
day was associated with a gradual waning of the positive mood and social 
facilitating effects of marijuana and an increase in irritability, social 
isolation, and paranoid thinking. Inasmuch as smoking one cigarette is
enough to make a person feel "high" for about 1—3 h o u r s , ' ' the 
subjects in that study were taking very high doses of marijuana. Reports 
have described the development of apathy, lowered motivation, and 
impaired educational performance in heavy marijuana users who do not
appear to be behaviorally impaired in other ways.1 -1 ■l-- There are clinical 
reports of marijuana-induced psychosis-like states (schizophrenia-like,
depression, and/or mania) lasting for a week or more.11- Hollister suggests 
that, because of the varied nature of the psychotic stales induced by 
marijuana, there is no specific "marijuana psychosis." Rather, the marijuana
experience might trigger latent psychopathology of many types."6 More
recently. Hall and colleagues60 concluded that "there is reasonable 
evidence that heavy cannabis use, and perhaps acute use in sensitive 
individuals, can produce an acute psychosis in which confusion, amnesia, 
delusions, hallucinations, anxiety, agitation and hypomanic symptoms 
predominate." Regardless of which of those interpretations is correct, the 
two reports agree that there is little evidence that marijuana alone produces 
a psychosis that persists after the period of intoxication.

S c h i z o p h r e n i a

The association between marijuana and schizophrenia is not well 
understood. The scientific literature indicates general agreement that heavy



use can cause the underlying psychotic disorder.’ 4’96,1*1 As noted earlier, 
drug abuse is common among people with psychiatric disorders. Estimates 
of the prevalence of marijuana use among schizophrenics vary 
considerably but are in general agreement that it is at least as great as that
among the general population.1 '4 Schizophrenics prefer the effects of

% •
marijuana to those of alcohol and cocaine.' which they seem to use less
often than does the general population.1 u The reasons for this are 
unknown, but it raises the possibility that schizophrenics might obtain some 
symptomatic relief from moderate marijuana use. But overall, compared 
with the general population, people with schizophrenia 01 with a family 
history of schizophrenia are likely to be at greater risk for adverse 
psychiatric effects from the use of cannabinoids.

C o g n i t i o n

As discussed earlier, acutely administered marijuana impairs
cognition.60, •'‘2 Positron emission tomography (PET) imaging allows 
investigators to measure the acute effects of marijuana smoking on active 
brain function. Human volunteers who perform auditory attention tasks 
before and after smoking a marijuana cigarette show impaired performance 
while under the influence of marijuana; this is associated with substantial 
reduction in blood flow to the temporal lobe of the brain, an area that is
sensitive to such tasks.116,11 Marijuana smoking increases blood flow in
other brain regions, such as the frontal lobes and lateral cerebellum.1(11,1 ”  
Earlier studies purporting to show' structural changes in the brains of heavy
marijuana users2- have not been replicated with more sophisticated

t • ’X xv techniques.- •

Nevertheless, recent studies14,122 have found subtle defects in cognitive 
tasks in heavy marijuana users after a brief period (19—24 hours) of 
marijuana abstinence. Longer term cognitive deficits in heavy marijuana
users have also been reported.1411 Although these studies have attempted to 
match heavy marijuana users with subjects of similar cognitive abilities 
before exposure to marijuana use. the adequacy of this matching has been 
questioned.1 ”  The complex methodological issues facing research in this
area are w'ell reviewed in an article by Pope and colleagues.1-1 Care must 
be exercised so that studies are designed to differentiate betw-een changes 
in brain function caused the effects of marijuana and by the illness for 
which marijuana is being given. AIDS dementia is an obvious example of 
this possible confusion. It is also important to determine whether repealed 
use of marijuana a» therapeutic dosages produces any irreversible cognitive 
effects.

P s y c h o m o t o r  P e r f o r m a n c e

marijuana use can precipitate schizophrenic episodes but not that marijuana

Marijuana administration has been reported to affect psychomotor



performance on a number of tasks. The review by Chait and Pierri not 
only details the studies that have been done but also points out the 
inconsistencies among studies, the methodological shortcomings of many 
studies, and the large individual differences among the studies attributable 
to subject, situational, and methodological factors. Those factors must be 
considered in studies of psychomotor performance when participants are 
involved in a clinical trial of the efficacy of marijuana. The types of 
psychomotor functions that have been shown to be disrupted by the acute 
administration of marijuana include body sway, hand steadiness, rotary 
pursuit, driving and flying simulation, divided attention, sustained 
attention, and the digit-symbol substitution test. A study of experienced 
airplane pilots showed that even 24 hours after a single marijuana cigarette
their performance on flight simulator tests was impaired.1'’ ' Before the 
tests, however, they told the study investigators that they were sure their 
performance would be unaffected.

Cognitive impairment.1 issociated with acutely administered marijuana 
limit the activities that people would be able to do safely or productively. 
For example, no one under the influence of marijuana or THC should drive 
a vehicle or operate potentially dangerous equipment.

A m o t i v a t i o n a l  S y n d r o m e

One of the more controversial effects claimed for marijuana is the 
production of an "amotivational syndrome." This syndrome is not a 
medical diagnosis, but it has been used to describe voung people who drop 
out of social activities and show little interest in school, work, or other 
goal-directed activity. When heavy marijuana use accompanies these 
symptoms, the drug is often cited as the cause, but no convincing data 
demonstrate a causal relationship between marijuana smoking and these
behavioral characteristics.2 ’ It is not enough to observe that a chronic 
marijuana user lacks motivation. Instead, relevant personality traits and 
behavior of subjects must be assessed before and after die subject becomes 
a heavy marijuana user. Because such research can only be done on 
subjects who become heavy marijuana users on their own. a large 
population study—such as the Epidemiological Catchment Area study 
described earlier in this chapter—would be needed to shed light on the 
relationship between motivation and marijuana use. Even then, although a 
causal relationship between the two could, in theory, be dismissed by an 
epidemiological study, causality could not be proven.

S u m m a ry

Measures of mood, cognition, and psychomotor performance should be 
incorporated into clinical trials evaluating the efficacy of marijuana 01 
cannabinoid drugs for a given medical condition. Ideally, participants 
would complete mood assessment questionnaires at various intervals 
throughout the day for a period before; every week during; and. where 
appropriate, after marijuana therapy. A full psychological screening of 
research participants should be conducted to determine whether there is an



interaction between the mood-altering effects of chronic marijuana use and 
the psychological characteristics of the subjects. Similarly, the cognitive 
and psychomotor functioning should be assessed before and regularly 
during the course of a chronic regimen of marijuana or cannabinoid 
treatment to determine the extent to which tolerance to the impairing 
effects of marijuana develops and to monitor whether new problems 
develop.

When compared with changes produced by either placebo or an active 
control medication, the magnitude of desirable therapeutic effects and the 
frequency and magnitude of adverse psychological side effects of 
marijuana could be determined. That would allow a more thorough 
assessment of the risk:benefit ratio associated with the use of marijuana for 
a given indication.

Conclusion: The psychological effects of cannabinoids. such as 
anxiety reduction, sedation, and euphoria, can influence their 
potential therapeutic value. Those effects are potentially undesirable 
in some patients and situations and beneficial in others. In addition, 
psychological effects can complicate the interpretation of other 
aspects of the drug's effect.

Recommendation: Psychological effects of cannabinoids, such as 
anxiety reduction and sedation, which can influence medical 
benefits, should be evaluated in clinical trials.

P H Y S I O L O G I C A L  H A R M S :  T I S S U E  A N D  O R G A N  
D A M A G E

Many people who spoke to the IOM study team in favor of the medical 
use of marijuana cited the absence of marijuana overdoses as evidence that 
it is safe, indeed, epidemiological data indicate that in the general
population marijuana use is not associated with increased mortality.1'* 
However, other serious health outcomes should be considered, and they are 
discussed below.

It is important to keep in mind that most of the studies that report 
physiological harm resulting from marijuana use are based on the effects of 
marijuana smoking. Thus, w-e emphasize that the effects reported cannot be 
presumed to be caused by THC alone or even in combination with other 
cannabinoids found in marijuana. It is likely that smoke is a major cause of 
the reported effects. In most studies the methods used make it impossible 
to weigh the relative contributions of smoke versus cannabinoids.

I m m u n e  S y s t e m

The relationship between marijuana and the immune system presents 
many facets, including potential benefits and suspected harms. This section 
reviews the evidence on suspected harms to the immune system caused by 
marijuana use.



Despite the many claims that marijuana suppresses the human immune 
system, the health effects of marijuana-induced immunomodulation are 
still unclear. Few studies have been done with animals or humans to assess 
the effects of marijuana exposure on host resistance to bacteria, viruses, or 
tumors.

Human Studies

Several approaches have been used to determine the effects of marijuana 
on the human immune system. Each has serious limitations, which arc 
discussed below.

Assays of Leukocytes from Marijuana Smokers. One of the more 
common approaches has been to isolate peripheral blood leukocytes from 
people who have smoked marijuana in order to evaluate the immune 
response of those cells in vitro--most often by measuring mitogen-induced 
cell proliferation, a normal immune response. Almost without exception, 
this approach has failed to demonstrate any reduction in leukocyte 
function. The major problem with the approach is that alter blood samples 
are drawn from the study subjects the leukocytes must be isolated from 
whole blood before they are tested. That is done by high-speed 
centrifugation followed by extensive washing of the cells, which removes 
the cannabinoid; perhaps for this reason no adverse effects have been 
demonstrated in peripheral blood leukocytes from marijuana
smokers.

Leukocyte Responses to THC. Another approach is to isolate peripheral 
blood leukocytes from healthy control subjects who do not smoke 
marijuana and then to measure the effect of THC on the ability of these 
cells to proliferate in response to mitogenic stimulation in vitro. One 
important difference between leukocytes isolated from a marijuana smoker, 
as described above, and leukocyte cell cultures to which THC has been 
added directly is in the cannabinoid composition. Marijuana smoke 
contains many distinct cannabinoid compounds of which THC is just one. 
Moreover, the immunomodulatory activity of many of the other 
cannabinoid compounds has never been tested, and it is now kn>*wn that at 
least one of those—cannabinol (CBN)--has greater activity on the immune
system than on the central nervous system.'’4 so it is unclear whether the 
profile of activity observed with THC accurately represents the effects of 
marijuana smoke on immune competence. Likewise, the extent to which 
different cannabinoids in combination exhibit additive, synergistic, or 
antagonistic effects with respect to immunomodulatory activity is unclear. 
The issue is complicated by the fact that leukocytes express both types of 
cannabinoid receptors: CB( and CB2-

An additional factor that might affect the immunomodulatory activity of 
cannabinoids in leukocytes is metabolism. Leukocytes have very low levels
of the cytochrome P-450 drug-metabolizing enzymes,*4' so the metabolism 
of cannabinoids is probably different between in  v iv o  and it, v itro  
exposure. That last point is pertinent primarily to investigations of chronic.



H u n a n - D e r i v e d  Cell L i n c s .  A third approach for investigating the effects 
of cannabinoids on human leukocytes has been to study human-derived
cell lines.2 As described above, the cell lines are treated in vitro with 
cannabinoids to test their responses to different stimuli. Although cell lines 
are a convenient source of human cells, the problems described above 
apply here as well. In addition, the cell lines might not be the same as the 
original cells. For example, cell lines do not necessarily have the same 
number of cannabinoid receptors as the original human cells.

Rodent Studies

The most widely used approach is to evaluate the effects of 
cannabinoids in rodents, using rodent-derived cells in vitro. The rationale is 
that the human and rodent immune systems are remarkably similar, and it 
is assumed that the effects produced by cannabinoids on the rodent immune 
system will be similar to those produced in humans. Although no 
substantial species differences in immune system sensitivity to 
cannabinoids have been reported, the possibility should be considered.

Summary

The complete effect of marijuana smoking on immune function remains 
unknown. More important, it is not known whether smoking leads to 
increased rates of infections, tumors, allergies, or autoimmune responses. 
The problem is how to duplicate the "normal" marijuana smoking pattern 
while removing other potential immunomodulating lifestyle factors, such as 
alcohol and tobacco use. Epidemiological studies are needed to determine 
whether marijuana users have a higher incidence of such diseases, as 
infections, tumors, allergies, and autoimmune diseases. Studies on 
resistance to bacterial and viral infection are clearly needed and should 
involve the collaboration of immunologists, infectious disease specialists, 
oncologists, and pharmacologists.

M a r i j u a n a  S m o k e

Tobacco is the predominant cause of such lung diseases as cancer and 
emphysema, and marijuana smoke contains many of the components of
tobacco smoke.w Thus, it is important to consider the relationship between 
habitual marijuana smoking and some lung diseases.

Given a cigarette of comparable weight, as much as four times the 
amount of tar can be deposited in the lungs of marijuana smokers as in the
lungs of tobacco smokers. The difference is due primarily to the 
differences in filtration and smoking technique between tobacco and 
marijuana smokers. Marijuana cigarettes usually do not have filters, and 
m. i'iiana smokers typically develop a larger puff volume, inhale more
deeply, and hold their breath several limes longer than tobacco smokers.

not acute, cannabinoid exposure.



However, a marijuana cigarette smoked recreationally typically is not 
packed as tightly as a tobacco cigarette, and the smokable substance is 
about half that in a tobacco cigarette. In addition, tobacco smokers 
generally smoke considerably more cigarettes per day than do marijuana 
smokers.

Cellular Damage

Lymphocytes: T and B Cells. Human studies of the effect of marijuana 
smoking on immune cell function arc not all consistent with cannabinoid 
cell culture and animal studies. For example, antibody production was 
decreased in a group of hospitalized patients who smoked marijuana for 
four days (12 cigarettes/day), but the decrease was seen in only one 
subtype of humoral antibody (IgG), whereas two other subtypes (IgA and
IgM) remained normal and one (IgE) was increased.In addition, T cell 
proliferation was normal in the blood of a group of marijuana smokers.
although closer evaluation showed an increase in one subset of T cells1"
and a decrease in a different subset (CD8).1 It appears that marijuana use 
is associated with intermittent disturbances in I and B cell function, but the
magnitude is small and other measures are often normal.

Macrophages. Alveolar macrophages are the principal immune-cffector 
cells in the lung and are primarily responsible for protecting the lung 
against infectious microorganisms, inhaled foreign sub ances, and tumor 
cells. They are increased during tissue inflammation. In a large sample of 
volunteers, habitual marijuana smokers had twice as many alveolar 
macrophages as nonsmokers, and smokers of both marijuana and tobacco 
had twice as many again.1 Marijuana smoking also reduced the ability of
alveolar macrophages to kill fungi, such as Candida albicans’, ' pathogenic 
bacteria, such as Staphylococcus aureus’, and tumor targe* cells. The 
reduction in ability to destroy fungal organisms was similar to that seen in 
tobacco smokers. The inability to kill pathogenic bacteria was not seen in
tobacco smokers.1(1 Furthermore, marijuana smoking depressed production 
of proinflammatory cytokines, such as TNF-I and IL-6. but not of
immunosuppressive cytokines. " Cytokines are important regulators of 
macrophage function, so this marijuana-related decrease in inflammatory 
cytokine production might be a mechanism whereby marijuana smokers 
are less able to destroy fungal and bade al organisms, as well as turner 
cells.

The inability of alveolar macrophages from habitual marijuana smokers 
without apparent disease to destroy fungi, bacteria, and tumor cells and to 
release proinflammatory cytokines, suggests that marijuana might be an 
immunosuppressant with clinically significant effects on host delense. 
Therefore, the risks of smoking marijuana should be seriously weighed 
before recommending its use in any patient with preexisting immune 
deficits—including AIDS patients, cancer patients, and those receiving 
immunosuppressive therapies (for example, transplant or cancer patients).



Animal Studies. A number of animal studies have revealed respiratory 
tract changes and diseases associated with marijuana smoking, but others 
have not. Extensive damage to the smaller airways, which are the major
site of chronic obstructive pulmonary disease (COPD),4 and acute and 
chronic pneumonia have been observed in various species exposed to
different doses of marijuana smoke.41,42,i~'s ln contrast, rats exposed to 
increasing doses of marijuana smoke for one year did not show any signs
of COPD, whereas rats exposed to tobacco smoke did.'’

Chronic Bronchitis and Respiratory Illness. Results of human studies 
suggest that there is a greater chance of respiratory illness in people who 
smoke marijuana. In a survey of outpatient medical visits at a large health 
maintenance organization (HMC), marijuana users were more likely to seek 
help for respiratory illnesses than people who smoked neither marijuana or
t o b a c c o . 120  However, the incidence of seeking help for respiratory illnesses 
was not higher in those who smoked marijuana for 10 years or more than in 
those who smoked for less than 10 years. One explanation for this is that 
people who experience respiratory symptoms are more likely to quit 
smoking and that people who continue to smoke constitute a set of 
survivors who do not develop or are indifferent to such symptoms. One 
limitation of this study is that no data were available on the use of cocaine, 
which when used with marijuana could contribute to the observed 
differences. Another limitation is that the survey relied on self-reporting; 
tobacco, alcohol, and marijuana use might have been under-reported (S. 
Sidney, IOM workshop).

When marijuana smokers were compared with nonsmokers and tobacco 
smokers in a group of 446 volunteers, 15 — 20% of the marijuana smokers 
reported symptoms of chronic bronchitis, including chronic cough and
phlegm production, w’ and 20—25% of the tobacco smokers reported 
symptoms of chronic bronchitis. Despite a marked disparity in the amount 
of each substance smoked per day (three or four joints of marijuana versus 
more than 20 cigarettes of tobacco), the difference in the percentages of 
tobacco smokers and marijuana smokers experiencing symptoms of chronic
bronchitis was statistically insignificant.1 10 Similar findings were reported 
by Bloom and co-workers,1̂ who noted an additive effect of smoking both 
marijuana and tobacco.

Bronchial Tissue Changes. Habitual marijuana smoking is associated with 
changes in the lining of the human respiratory tract. Many marijuana or 
tobacco smokers have increased redness (erythema) and swelling (edema)
of the airway tissues and increased mucous secretions.4 ’’ " In marijuana 
smokers the number and size of small blood vessels in the bronchial wall
are increased, tissue edema is present, and the normal ciliated cells lining 
the inner surface of the bronchial wall are largely replaced by mucous- 
secreting goblet cells. The damage is greater in people who smoke both

Bronchial and Pulmonary Damage

marijuana and tobacco.140 Overproduction of mucus by the increased



numbers of mucous-secreting cells in the presence of decreased numbers 
of ciliated cells lends to leave coughing as the only major mechanism to 
remove mucus from the airways; this might explain the relatively high 
proportion of marijuana smokers who complain of chronic cough and
phlegm production.I4'"

A 1998 study has shown that both marijuana and tobacco smokers have 
significantly more cellular and molecular abnormalities in bronchial 
epithelium cells than nonsmokers; these changes are associated with
increased risk of cancer.12 The tobacco-only smokers in that study smoked 
an average of 25 cigarettes per day, whereas the marijuana-only smokers 
smoked an average of 21 marijuana cigarettes per week. Although the 
marijuana smokers smoked far fewer cigarettes, their cellular abnormalities 
were equivalent to or greater than those seen in tobacco smokers. This and 
earlier studies have shown that such abnormalities are greatest in people 
who smoke both marijuana and tobacco; hence, marijuana and tobacco
smoke might have additive effects on airway tissue.12,4'0 '’ Tenant 
found similar results in U.S. servicemen who suffered from respiratory 
symptoms and were heavy hashish smokers. (Hashish is the resin from the 
marijuana plant.)

Chronic Obstructive Pulmonary Disease. In the absence of 
epidemiological data, indirect evidence, such as nonspecific airway 
hyperresponsiveness and measures of lung function, offers an indicator of
the vulnerability of marijuana smokers to COPD. For example, the 
methacholine provocative challenge test, used to evaluate airway 
hyperresponsiveness, showed that tobacco smokers develop more airway 
hyperresponsiveness. But no such correlation has been shown between 
marijuana smoking and airway hyperresponsiveness.

There is conllicting evidence on whether regular marijuana use harms 
the small airways of the lungs. Bloom and co-workers found that an 
average of one joint smoked per day significantly impaired the function of
small airways.1" But Tashkin and co-workers14" did not observe such 
damage among heavier marijuana users (three to four joints per day for at 
least 10 years), although they noted a narrowing of large central airways. 
Tashkin and co-workers’ long-term study, which adjusted for age-related 
decline in lung function (associated with an increased risk for developing 
COPD). showed an accelerated rate of decline in tobacco smokers but not
in marijuana smokers.14 Thus, the question of whether usual marijuana 
smoking habits are enough to cause COPD remains open.

Conclusion. Chronic marijuana smoking might lead to acute and chronic 
bronchitis and extensive microscopic abnormalities in the cells lining the 
bronchial passageways, some of which may be premalignant. These 
respiratory symptoms are similar to those of tobacco smokers, and the 
combination of marijuana and tobacco smoking augments these effects. At 
the time of this writing, it had not been established whether chronic 
smoking marijuana causes COPD, but there is probably an association.



HIV/AIDS Patients

The relationship between marijuana smoking and the natural course of 
AIDS is of particular concern because HIV patients are the largest group 
who report using marijuana for medical purposes. Marijuana use has been 
linked both to increased risk of progression to AIDS in HIV-seropositive 
patients and to increased mortality in AIDS patients.

For unknown reasons, marijuana use is associated with increased
mortality among men with AIDS but not among the general population.1 ' 
(The relative risk of AIDS mortality for current marijuana users in this 12- 
year study was 1.90, indicating that almost twice as many marijuana users 
died of AIDS as did noncurrent marijuana users.) Never-married men used 
twice as much marijuana as married men and accounted for 83% of the 
AIDS deaths in the study. The authors of the study note that, while marital 
status is insufficient to adjust for lifestyle factors-particularly, homosexual 
behavior—a substantial proportion of the never-married men with AIDS 
were probably homosexuals or bisexuals. That raises the possibility that the 
association of marijuana use with AIDS deaths might be related to indirect 
factors, such as use of other drugs or high-risk sexual behavior, both of 
which increase risks of infection to which AIDS patients are more 
susceptible. The higher mortality of AIDS patients who were current 
marijuana users also raises the question of whether this was because 
patients increased their use of marijuana at the endstages of the disease to 
treat their symptoms. However, the association between marijuana use and 
AIDS deaths was similar even when the subjects who died earliest in the 
first five years of this 12-year study, ai.d who were presumably the most 
sick, were excluded from the analysis. In summary, it is premature to 
conclude what the underlying causes of this association might be.

For the general population, the mortality associated with marijuana use 
was lower than that associated with cigarette smoking, and tobacco 
smoking was not an independent risk factor in AIDS mortality. The authors 
of the study described above concluded that therapeutic use of marijuana 
did not contribute to the increased mortality among men with AIDS.

Marijuana use has been associated with a higher prevalence of HIV
seropositivity in cross-sectional stunts,but the relationship of marijuana 
to the progression to AIDS in HIV-seropositive patients is a reasonable 
question. It remains unclear whether marijuana smoking is an independent 
risk factor in the progression of AIDS in HIV-seropositive men. Marijuana 
use did not increase the risk of AIDS in HIV-seropositive men in the 
Multicenter AIDS Cohort Study, in which 1,795 HIV-seropositive men
were studied for 18 months/'4 or in the San Francisco Men's Health Study.
in w'hich 451 HIV-seropositive men were studied for six years. ' In 
contrast, the Sydney AIDS Project in Australia, in which 386 HIV-
seropositive men were studied for 12 months.Iv reported that marijuana 
use was associated with increased risk of progression to AIDS. I he results 
of the Sydney study are less reliable than those of the other two studies 
noted; it was the shortest of the studies and, according to the 1993



definition of AIDS, many of the subjects probably already had AIDS at the 
beginning of the study/'

The most compelling concerns regarding marijuana smoking in
HIV/AIDS patients are the possible effects of marijuana on immunity.1 
Reports of opportunistic fungal and bacterial pneumonia in AIDS patients 
who used marijuana suggest that marijuana smoking either suppresses the
immune system ’ ’ or exposes patients to an added burden of pathogens.*1 
In summary, patients with preexisting immune deficits due to AIDS should 
be expected to be vulnerable to serious harm caused by smoking marijuana. 
The relative contribution of marijuana smoke versus THC or other 
cannabinoids is not known.

Carcinogenicity

The gas and tar phases of marijuana and tobacco smoke contain many 
of the same compounds. Furthermore, the tar phase of marijuana smoke 
contains higher concentrations of polycyclic aromatic hydrocarbons 
(PAHs). such as the carcinogen benzopyrene. The higher content of 
carcinogenic PAHs in marijuana tar and the greater deposition of this tar in 
the lung might act in conjunction to amplify the exposure of a marijuana 
smoker to carcinogens. For those reasons the carcinogenicity of marijuana 
smoke is an important concern.

It is more difficult to collect the epidemiological data necessary to 
establish or refute the link between marijuana smoke and cancer than that 
between tobacco smoke and cancer. Far fewer people smoke only 
marijuana than only tobacco, and marijuana smokers are more likely to 
underreport their smoking.

Case Studies. Results of several case series suggest that marijuana might 
play a role in the development of human respiratory' cancer. Reports 
indicate an unexpectedly large proportion of marijuana users among people 
with lung cancer141’140 and cancers of the upper aerodigcstive tract-that 
is. the oral cavity, pharynx, larynx, and esophagus-that occur before the
age of 4 5 . 140 Respiratory tract cancers associated with heavy tobacco
and alcohol consumption are not usually seen before the age of 60, ’ and 
the occurrence of such cancers in marijuana users younger than 60 suggests 
that long-term marijuana smoking potentiates the effects of other risk 
factors, such as tobacco smoking, and is a more potent risk factor than 
tobacco and alcohol use in the early development of respiratory cancers. 
Most studies lack the necessary comparison groups to calculate the isolated 
effect of marijuana use on cancer risk. Many marijuana smokers also 
smoke tobacco, so when studies lack information regarding cigarette 
smoking status, there is no way to separate the effects of marijuana smoke 
and tobacco smoke.

Epidemiological Evidence. As of this writing, Sidney and co-workers1 
had conducted the only epidemiological study to evaluate the association



between marijuana use and cancer. The study included a cohort of about 
65.000 men and women 15—49 years old. Marijuana users were defined as 
those who had used marijuana on six or more occasions. Among the 1.421 
cases of cancer in this cohort, marijuana use was associated only with an 
increased risk of prostate cancer in men who did not smoke tobacco. In 
these relatively young HMO clients, no association was found between 
marijuana use and other cancers, including all tobacco-related cancers, 
colorectal cancer, and melanoma. The major limitation associated with 
interpreting this study is that the development of lung cancer requires a 
long exposure to smoking, and most marijuana users quit before this level 
of exposure is achieved. In addition, marijuana use has been widespread in 
the United Slates only since the late 1960s; therefore, despite the large 
cohort size there might not have been a sufficient number of heavy or 
long-term marijuana smokers to reveal an effect.

Cellular and Molecular Studies. In contrast with clinical studies, cellular 
and molecular studies have provided strong evidence that marijuana smoke 
is carcinogenic. Cell culture studies implicate marijuana smoke in the 
development of cancer. Prolonged exposure of hamster lung cell cultures to
marijuana smoke led to malignant transformations/' and exposure of 
human lung explants to marijuana smoke resulted in chromosomal and
DNA alterations.1 The tar from marijuana smoke also induced mutations 
similar to those produced bv tar from the same quantity of tobacco in a
common bacterial assay for mutagenicity.1

Molecular studies also implicate marijuana smoke as a carcinogen. 
Proto-oncogenes and tumor suppressor genes are a group of genes that 
affect cell grow th and differentiation. Normally, they code for proteins that 
control cellular proliferation. Once mutated or activated, they produce 
proteins that cause cells to multiply rapidly and out of control, and this
results in tumors or cancer. When the production of these proteins was 
evaluated in tissue biopsies taken from marijuana, tobacco, and marijuana 
plus tobacco smokers, and nonsmokers, two of them (F.GFR and Ki-67) 
were markedly higher in the marijuana smokers than in the nonsmokcrs 
and the tobacco smokers. Moreover, the effects of marijuana and tobacco
were additive.141 Thus, in relatively young smokers of marijuana, 
particularly those who smoke both marijuana and tobacco, marijuana is 
implicated as a risk factor for lung cancer.

DNA alterations are known to be early events in the development of 
cancer, and have been observed in the lymphocytes of pregnant marijuana
smokers and in those of their newborns.4 This is an important study 
because the investigators were caref ul to exclude tobacco smokers--a 
problem in previous studies that cited mutagenic effects of marijuana
smoke.2<v',4,°4’14* The same investigators found similar effects in previous
studies among tobacco smokers.v ‘ so the effects cannot be attributed 
solely to THC or other cannabinoids. Although it can be determined only 
by experiment, it is likely that the smoke contents—other than 
cannabinoids—are responsible for a large part of the mutagenic effect.



Preliminary Findings suggest that marijuana smoke activates cytochrome 
P4501AI (CYP1AI). the enzyme that converts PAHs, such as benz|«
Ipyrenc. into active carcinogens.Bronchial epithelial cells in tissue 
biopsies taken from marijuana smokers show more binding to CYP1A1 
antibodies than do comparable cells in biopsies from nonsmokcrs (D. 
Tashkin, IOM workshop). That suggests that there is more of CYPIAI 
itself in the bronchial cells of marijuana smokers, but different 
experimental methods will be needed to establish that possibility.

Conclusions

There is no conclusive evidence that marijuana causes cancer in humans, 
including cancers usually related to tobacco use. However, cellular, 
genetic, and human studies all suggest that marijuana smoke is an 
important risk factor for the development of respiratory cancer. More 
definitive evidence that habitual marijuana smoking leads or does not lead 
to respiratory cancer awaits the results of well-designed case control 
epidemiological studies. It has been 30 years since the initiation of 
widespread marijuana use among young people in our society, and such 
studies should now be feasible.

The following studies or activities would be useful in providing data 
that <"ould more precisely define the health risks of smoking marijuana.

1. Case control studies to determine whether marijuana use is 
associated with an increased risk of respiratory cancer. Despite the lack 
of compelling epidemiological evidence, findings from the biochemical, 
cellular, immunological, genetic, tissue, and animal studies cited above 
strongly suggest that marijuana is a risk factor for human cancer. What is 
required to address that hypothesis more convincingly is a population- 
based case control study of sufficiently large numbers of people with lung 
cancer and upper aerodigestive tumors (cancers of the oral cavity and 
pharynx, larynx, and esophagus), as well as noncancer controls, to 
demonstrate a statistically significant association, if one exists. Because of 
the long period required for induction of human carcinomas and the 
infrequent use of marijuana in the general U.S. population before 1966. no 
epidemiological studies so far have been extensive enough to measure the 
association between marijuana and cancer adequately. However, 
epidemiological investigation of this association is probably possible now 
in that some 30 years have elapsed since the star. f widespread marijuana 
use in the United States among teenagers and young adults.

2. Molecular markers of respiratory cancer progression in 
m arijuana smokers. If an epidemiological association between marijuana 
use and risk of respiratory cancer is demonstrated, studies would be 
warranted to explore the presence of molecular markers--such as TP53.
p i6, NATZ. and GSTML--that could be predictive of genetically increased 
risk of carcinogenesis in marijuana users.

3. Prospective epidemiological studies of populations with HIV



seropositivity or at high risk for HIV infection. Because HIV/AIDS 
patients constitute the largest group that reports smoking marijuana for 
medical purposes and they are particularly vulnerable to 
immunosuppressive effects, there is a pressing need for a better 
understanding of the relative risk posed by and the rewards of smoking 
marijuana. Such studies should include history of marijuana use in the 
analysis of potential risk factors for seroconversion and acquisition of 
opportunistic infections or progression to AIDS. The studies could be 
carried out in the context of any federally approved clinical trials of 
medical marijuana in immuno-compromised patients and should provide a 
follow-up period long enough to capture potential adverse events.

4. Regularized recording of marijuana use by patients. Although 
marijuana is the most commonly used illicit drug, medical providers often 
do not question patients about marijuana use and rarely document its
use.102 Among 452 Kaiser Pcrmanente patients who reported daily or 
almost daily marijuana use. physicians recorded marijuana use in only 3% 
of their medical records (S. Sidney, 10M workshop).

5. Additional cellular, animal, and human studies to investigate the 
effects of THC and marijuana on immune function. The effects studied 
should include effects on proinflammatory' versus immunosuppressive 
cytokines and on the function of leukocytes that present antigen to T cells.

The question that needs to be addressed is whether THC or marijuana is 
a risk factor for HIV infection, for progression to more severe stages of 
AIDS, or for opportunistic infection among HIV-positive patients. Studies 
are needed to determine the effects of marijuana use on the function of 
alveolar macrophages. It would be important to compare the HIV 
infectivity and replication of alveolar macrophages harvested from habitual 
marijuana users with those harvested from nonusers or infrequent 
marijuana users. Cell culture studies could be used to compare the 
susceptibility of HIV-infected alveolar macrophages to additional infection 
w'ith opportunistic pathogens. Similarly, further studies on cell cultures of 
peripheral blood mononuclear cells could be used to assess the effects of 
exposure to THC on HIV infectivity and replication.

Cardiovascular System

Marijuana smoke and oral THC can cause tachycardia (rapid heart beat)
in humans, 20— 100% above baseline/' " The increase in heart rate is 
greatest in the first 10—20 minutes after smoking and decreases sharply 
and steadily; depending on whether smoked marijuana or oral THC is used,
this can last three or five hours, respectively."** In some cases, blood 
pressure increases while a person is in a reclining position but decreases 
inordinately on standing, resulting in postural hypotension (decreased 
blood pressure due to changing posture from a lying or sitting position to a 
standing position, which can cause dizziness and faintness). In contrast 
with acute administration of THC, chronic oral ingestion of THC reduces

Iheart rate in humans.



In animals, THC decreases heart rate and blood pressure.
However, most of the animal studies have been conducted in anesthetized 
animals, and anesthesia causes hypertension. Thus, those studies should be 
interpreted as reports on the effects of cannabinoids in hypertensive 
subjects. The results of the animal and human studies are consistent with 
the conclusion that cannabinoids are hypotensive at high doses in animals.
as well as humans. I',°

Tolerance can appear after a few days of frequent daily administration 
(two or three doses per day) of oral THC or marijuana extract, with heart 
rate decreasing, reclining blood pressure falling, and postural hypotension
disappearing. 1 Thus, the intensity of the effects depends on frequency of 
use, dose, and even body position.

The cardiovascular changes have not posed a health problem for 
healthy, young users of mari juana or THC. However, such changes in heart 
rate and blood pressure could present a serious problem for older patients, 
especially those with coronary arterial or cerebrovascular disease. 
Cardiovascular diseases arc the leading causes of death in the United States 
(coronary heart disease is first; stroke is third), so any effect of marijuana 
use on cardiovascular disease could have a substantial impact on public 
health (S. Sidney, IOM workshop). The magnitude of the impact remains 
to be determined as chronic marijuana users from the late 1960s enter the 
age when coronary arterial and cerebrovascular diseases become common. 
Smoking marijuana is also known to decrease maximal exercise 
performance. That, with the increased heart rate, could theoretically induce 
angina (S. Sidney, IOM workshop), so, this raises the possibility that 
patients with sy mptomatic coronary artery disease should be advised not to 
smoke marijuana, and THC might be contraindicated in patients with 
restricted cardiovascular function.

Reproductive System

Animal Studies. Marijuana and THC can inhibit many reproductive 
functions on a short-term basis. In both male and female animals, 1HC
injections suppress reproductive hormones and behavior.1,1 ’1 Studies 
have consistently shown that injections of THC result in rapid, dose-
dependent suppression of serum luteinizing hormone (LH). 11 (LH is the 
pituitary' hormone that stimulates release of the gonadal hormones, 
testosterone and estrogen.) Embryo implantation also appears to be 
inhibited by THC. But it does not necessarily follow that marijuana use will 
interfere with human reproduction. With few- exceptions, the animal studies 
are based on acute treatments (single injections) or short-term treatments 
(THC injections given over a series of days). The results are generally 
observed for only several hours or in females sometimes for only one 
ovulatory' cycle.

Acute treatments with cannabinoids-including THC, CBD. cannabinol. 
and anandamide—can decrease the fertilizing capacity of sea urchin



sperm. The sea urchin is only a distant relative of humans, but the 
cellular processes that regulate fertilization are similar enough that one can 
expect a similar effect in humans. However, the effect of cannabinoids on 
the capacity of sperm to fertilize eggs is reversible and is observed at
concentrations of 6—100 /^M,120,1 ’ which are higher than those likely to 
be experienced by marijuana smokers. The presence of cannabinoid 
receptors in sperm suggests the possibility of a natural role for anandamide 
in modulating sperm function during fertilization. However, it remains to 
be determined whether smoked marijuana or oral THC taken in prescribed 
doses has a clinically significant effect on the fertilizing capacity of human 
sperm.

Exposure to THC in utero can result in long-term changes. Many in 
utero effects interfere with embryo implantation (see review' by Wenger
and co-workers l "°). Exposure to THC shortly before or after birth can 
result in impaired reproductive behavior in mice when they reach 
adulthood: females are slower to show' sexual receptivity, and males arc
slower to mount.i(l/

Although THC can act directly on endocrine tissues, such as the testes 
and ovaries, it appears to affect reproductive physiology through its actions 
on the brain, somewhere other than the pituitary. Some of the effects of
THC are exerted through its action on stress hormones, such as cortisol. "

Human Studies. The few human studies are consistent with the acute 
animal studies: THC inhibits reproductive functions. However, studies of 
men and women who use marijuana regularly have yielded conflicting 
results and show either depression of reproductive hormones, no effect, or 
only a short-term effect. Overall, the results of human studies are 
consistent with the hypothesis that THC inhibits LH on a short-term basis 
but not in long-term marijuana users. In other words, long-term users 
develop tolerance to the inhibitory effect of THC on LH. The results in 
men and women are similar, with the added consideration of the menstrual 
cycle iti women: the acute effects of THC appear to vary with cycle stage. 
THC appears to have little effect during the follicular phase (the phase after 
menses and before ovulation) and to inhibit the LH pulse during the luteal 
phase (the phase after ovulation and before menses).1"' In brief, although 
there are no data on fertility itself, marijuana or THC w'ould probably 
decrease human fertility—at least in the short term-for both men and 
women. And it is reasonable to predict that THC can interfere with early 
pregnancy, particularly with implantation of the embryo. Like tobacco 
smoke, marijuana smoke is highly likely to be harmful to fetal development 
and should be avoided by pregnant women and those who might become 
pregnant in the near future. Nevertheless, although fertility and fetal 
development are important concerns for many, they are unlikely to be of 
much concern to people with seriously debilitating or life-threatening 
diseases. The well-documented inhibition of reproductive functions by 
THC is thus not a serious concern for evaluating the short-term medical 
use of marijuana or specific cannabinoids.


