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mBEHIBR TV,
EEPESEAPLHRE > TERT S, o, EORTHNLOED

Y
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o CH Lich s bMALEL, chaxMILTRKELALDLD
R AR : LUiRRemTshicb ol REVTAR—TS
%o

CONRBPEOMBTH - THOHFTEFEREH VL 50 LoD ML
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5 LEBbhab,

2) KEEEfS

B, KESEEEORMI 2y FHD Eubh TV A, B EDILH




L |
pRFEOBLELETSMECHY, b0 L2t f v VEKET
HH. thrthofiFRA colEFkClRErOFTFRdBE,FE

Lg

(1) e
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»O “2FmT ELTELERZIZLELI D
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MHEEL e —D A2 L—# -~ LRALERBRLBLOT, =&/
—h, AE =, T FYEBNITOH=—-FAZAVTRIETS.
BHLEEORMEMARTTSE, BH TR BEXHLELTHE UIRE
¥ L CTBESIET, S0, BEXHEETIOTHLY, LitL T
i, chiclVsERERE S0 T, BRLTHEAT L. 20K
ARG, BERomMchrbeT, Bl A0l nEBERELRL
T bo :

-y 7 7, ARSI, BEARL, A—PTitREMTCETRER
OEFEHSE Y, AHEOY A it 26708 TV 5%, ThbDH b
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Hashish, |y feae | s wmva Wi
Pt Chira

Kamonga | &% R, WY S
EOy 3,
FuFaT, Kif = LEHR S | BB, BT S, FoiaiciRES o 1
ETTIH | 72 A ZkbHb

itk
Fa=uTF Takrouri | TEfE Kif izR I IR ¥E
F 7 A Dimba Tee
I
93T, Suma,
thae771) 77 | Dacha 1t
ﬁ ‘ iﬁﬁ?7 Dagg&- éﬁ- Ei.:.t L ﬁi‘.ﬂ-, *ﬂﬁ?ﬁr% DX(E
1 4 Diamba THERIEE
wBT7YA Njemu g
x——,
x'?l: 0 Lebake £E
= & A H N | Vongony e
W=7 Bangue, | » &
- Suruma
¥ iy Mavron £E BERIZT S
vExt iR
() | | mR o

Marihuana,

Marijuana,
A4 VEEE, | Mariguana,
A% %o | Rosa )

i Wil BT

marihuana, - 1
RRTFANG, u Yo fEMRE Y FRACRED = L b BB g
740, emp, *
FEIINY Muggles,

Reefers,

Indian hay

A
F#l—2 FEEICETIRBEOLH
) ! . i F
E3| & | & 74 L] i#® -
EIRL. B R BT 5. ENELBYETHE
Bhang b
LR | 24 BTEALT S,
Sawi ff; A g 4
4>F : .
Rttt IR R RRLE & ]
FRTYT | Ganja gm&wﬁﬁ LLIZES B, TR, HER, | RE
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BOFHEIZOWTIZ4%THY, 188102 DEMRESREERET
10AF 3 A (31%) ThD,

2 Y 77 FERAORBRE LM, BHLFHRAEY 77 FE2ERLT
WAEHEOEISE, BEETOSRIChEIEXFERE L TEMOMB
MARLTERTRES, ikicLa<Y 77T ORI, BEOEH
T3 E B CWhAHEHAAED N, FRHDZ L, 128617
B TOERSFICOVT, Rl 7y HERORROH L VPERT
Db DE|EE, 19714E, 197248, 197T4EIfThhi- SEOFEORKR T
HISIEREThH =0, 19766EIZ1E, REMHBOIEICOE, BEILY
V77 HERORBRA2EFEOBHORIEGH, EEOFN L VAR KE >
7= (BE26%, &ME19%), 19774EICIE, KIREEH L-RRE LB
RUOKEOARESOEL 121 BITROERB TRETETIRE k-
7= (BMOBUBKKEOERZERL THEM, EORREL23%T
52). tRLIIZBILITHEE TOERBIIBIT2BHORKRERZ
i, 1976602519774 £ TOMIZIBYSEM Lic A, ZHEOKRKMERSEIZ
DNTHE, FHIEESHEM LA o7, Zhe ML T, 185 EDFIC
2L, 5 FEOKTEDORE LT B KEFEH O BE~EFEE I
—EBLTEE~DBEEELVEL Lo TEY, FREFOEN P2
F19TTEDOFEER £ T, BHEOERTELEOEMNFOFIERTH-
oo I9TTEOWEFETE, 18RU LOBHOINsH~Y 77 TER®
BERAL > TR L, REBEOLED=Y 77 FERBREII%
THot, LiL, 1976FEHI9TTHEICHIITO<Y 7 7 FERAORER
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FCOWT OFEE EOMOEE EFH D &, 18U L0 KOS S
W L b M, [FHERE OB W TN L s oz, BIFER
A ER L THAEIC 2V THEET S L, —BNIEIh L RKROER
RBITEY, 188U EOERRE CHRBEOBREEMESKEDRIER
FECH~T2H 1 DHETEEESHTHADITHL, 12815175
DEREGTH, TOEEL 2 E/MEL MY, FEMBEOIMED L 6AFL
EOBMEAIOTHERIEICB O TREELERLTRY, ZhiX197T65F DR
TR L TR,

HEtE, AL TOMDAREE WS IENWZ DR T Y —ITHHEHLT
i35 ¥, FRULEMAVWSITETE R RBITHED, ATHIKLD
2 U 77 FOEREED HRWCICITREREV b OBABR HR D, 125
L1TEEDERECARD Y, BESHIOEIRABICRRBAILLDS -
Y 7 7 HEROBEER, BEKHERORRE L OED D WIZHRIEHE
ﬁ%wwmh%ﬁbf,Ekﬁﬂwkﬁmiékﬁmﬁmoﬁﬁibb
FTE M oTe, 19TTETIE, RERBOAAMILDI =Y 77 T OHEH
HOEEHE, EREREICOVTY, FEREERAFIZOVTY, A
OHIMAER LTV (EARREICSOVTHE, 22%»H29%IZ, £,
BEERE IOV TI12% 2 5 17%IC M LT 5), 185 S L DF#E
CHhBE, IOTHEEOEREREOFISE, AADEETHERUAD
AEOEATHEIERL (BACHERRREIL24%THEORL, TH
LIS D AEOEREREIT% TH D) Thofeh, TRLUROETH,
FERB ISV T O BAS O ABOEFRRE L, BAOHAZRRE
L0 o, REEAZSORSE, AARLIZEAUNONEERM
tﬁﬂwwmmﬁﬁéﬁﬂﬁf5@@%§Etﬁwrﬁuﬁﬁﬁﬁf%o
= (BEORETHE, EABIT2E8%THS),

O OeRBEICLIE, KFEOBRACEEIE, BEECLEYES
mkmkﬂf,7U77+®Eﬁ®&ﬁﬁﬁ%%<¢ofwéotﬁ,
FOETESE TN EL o TETWD, WA, 197TTFEOFHETH,
- ) 77 HERRBRE bOREEEEDESIEIBH THIOIHL, &
AR EE OB SH26% TH T, -
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2ARAENSEILTIToh3Mo0Mus dEESE, dbshk, Bk
UPaES) 2+ 5 &, MERI9T65E B 19TT RN TV 7 7
HEPESRERN L0, EREThHo ., T TR, 12EMDILT
BROEMBO~Y ) 7 7 EHRREOIVEMNBOH SR, 197TEDE
T, RSO~ 77 HERE ORISR, FhUMOEORELER
BAD, BECRT5< Y 77 FEAZOFE LISERKIC A>TV 3,
D, KEDEBEREIC VT, 7, BEEAZICO1TE
HTREZ L Thol, RMEEDHOME TR, =V 77y FEADOE
B g o T3,

OTTEORAECTHAMC IR ERFREATFORISICESE, £EADIZ
AT ENEEETTI L (extrapolate), FEDEEICIL, 4,300 ADTF
AUVBAB2Y 77T OERERELoTHWAI LI/, 1, 6005 A0
R, FBERECRRILe )77 FRRELEDLISED,

BB IBARQIE2WTOEKEEHEIR HEB o T ng, ®
MNMIBRETIEELREY (Thbb, G8FR) KHa 74V EED
< U 77 Fioat A BESCITENC BT 2 BMEREH 5, 19754ELE,
2XMHETEEAOMNEE CHT A ERA T TE -, ZOHEN,
BERADBEORBRERHNBELLTWIEDIZ, BREO=) 7770
BEMCET 28RS LT, FCEHEEBT LT, bTri%E
b bBRIZRML TN bDTHD, ZOREDS, FFCY 777
AT AFAEORBELEZFICBTAEERTHH Y, FHickiTS~
V77 HERAOERBZFET D L TRISLOTHD, 19T8FFETOHE
£, BRHMICEER-Y 7y HEAFOEBN (bbb, AEOAZD
RERICEDZLOTRL, EROBGRKEQTEHOE/LE KBS 5 HMN)
BRI TWS, 9FEORFELES T ADER T, =V 777
RADRER, RO \EV, HilvREBER 2TV D, 1975FEEN 51979
HEFZNFITOSERMOSEREY TR BT A~V 77 FERARRE
OB|EIE, 1975 TII47. 3%, 1979EE T, 60.4% L EETEML
T3, iz, 9MRERRBTL~ ) 77 HEARRE b OBREAEDS
G, 2XPFEOEREEHERE TH D188 H25RDERFOE AR
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-
BREODBELEHE LI LoTWD, 1978FEED S FANDITIEREDS T
AT Co= ) 7y EARROEME, REZTOEMBL LTI
B/hOboEioTREY, 1% TTHhoal,

19754EBED 6 %> H19TTHED 9. 1% EFR Lt~ ) 77 FDEHE
AZEOBIEE, 19T8FERDZ S5 AT 7% EWIRED L ~ILZEL
7o, 19TOEEO Y T A THI0.3% & /e o, BREROABIZEITS
ERED< Y 77 FEREOREIE, 197M4EED Y 7 AO Man—ig)s
b, 197T8EED Y 5 AMIT. 1% LR Lizith &d, 197MEEORRE
75 AT, 36.5% &IV REBIC e oo, TSI, ZOBFRTI,
Y 7y ERERT IEBRAOEENIBEEMEELTELILESR
L3,

EFE L LIMERAHLRDDN, HERIIBTIEFAOYI 777
ERBEHIZ W TOBEmTH S, 197T64EE, 19TTEERVIISEEDNSE
25 ACBWTEIOREICRLIETIIYY 77 T ERAEBBR LI-FDOF
B, 2hFEN22.3%, 25.2%, RU28.2% Thot, T<REICEKT
ABKREY TR, THOLBIIMEKE Y T ADHFETIL, 30.4%DHHR,
WIHEICRDIETIEY 77T DEARBREER b T, 20 K5I
®osE (AADDHEIE) FHLLIZFNRUBIORKRIC D T=Y 77
FEEE LB EOEESE, BESEMT, IZEFTLoTHD,

SEMICRD &, TAa—LFAOERORERR, <7770
EHOBREZBLHETTWAITh YL, BIAE, 19T8FEY 7 A0ER
EironWT, =Y 77 roBaEAEORE (10.7%) &, Tira—i
DFEN (FHERES T%) OIREEL2-oTBY, REGRF Aozl
5#F0EE (27.5%) it =V 77 oEBEREORIGELOW
T3, v 77 FOERERFICOVTEM L KM LERTNE, B
PEOEII OB L RoTWS, LALERNSE, w77 +OFEFEH
FCRAL, EREEDDROLSALOBLRERRTD L, SIZE0R
WEIRL TN,

LR, WAWVARROREEETRAR DI LTS LD LE
bihd, FxiE, 1978~ Y 77 FREERTFbhEAY—-F Pl &

AL TR, =Y 777 OBREAELRLIBESRERTIED
BIER, EENLEREOBES (ZEEH0.7%) LV HEWI LR
MCERTWVE, AV —F T, w) 77 F0BREREELL
BB O WEHER T 5250561, E12%E (BAOEKIE) @ 1/4
(25.3%) Thole, A N THEREDE AFIFIEL AN YT 7T
DOERBERASETHAZEPHESATHEA, ThX7Aa—LOEHR
HERE (4%) OABFOERLR>TNS,

1) B H—<YIr+EROMEKEZOEE

EF S T F19TTEUBEOBA DI 2N To2¥ERIZE
WS, EEEHTRE W oOERERED A . EREIL LT T 7
FERIL, FOEESHRHLEVEL o TWAITR Y LIEELERTE
0, BafETit, BEAD S b1/3U EoERHEDR 1 »y ARKEWT
2 77 FOFEHE LTWA D EREEIN TS, 19THEREOER
EDIFATE, ICAICLAB=Y 77 h28RERALTNLZ LR
eI, BIEE (BEAOBHIE) KhD2ETI-IT77 70
{EH AP EEEOT A, 197548, FEICEMLTED, B
+ SEERICIZIEFITR o T A,

2) RYZ7FIZTDODVWTOHREDEELERA

LHREOEE S, BRERAEVCES L, HREFOCITEHICHTLH
FADIEDNT, EIZ OV T O EE ORBRESLE L HIT 2V TOERBA
EGEND, TOLIRMNBEORERE ZFIL, LSEE LWIFRICKE
CTCETHLDTHD, L LHFRIARRELRRT D LD TR
v, FRICHDLT, HRFERaCHL, <) 7y HERE
OJER! (assumptions) REHEDTEIZ L0 L<EEIEDL I LITHY
MidboTHY, ZHIZLDHEBRERKOITHRTFETEILO
THDd,



O
o DAY 77 T REL ZFARLR TS & W 3 ki,
—BHIELLRTVALDTHI TR E D, HF (youth, 1258720
L178%), B4 (young adults) (18EEZ2V L258%) RUMENLLLOE
8 (older adults groups, 26mREAL) DT <TZ20T, w77
FOERILEE L TRE LM TRETCHILVIER, BHLL
i, BRITEE L - LRRLEh D RETHELTHOEREERTOH
A, MEBOEESEHDHTVD, PEDTL% & 265LL_ EDEMREDTI%
B, TOEIREXE LTS, < 77 HEROERERELED
ERETH B I8N LLMOERB TR, TON%DEN, <Y 77
FOEREERE TRE D T RETHD L VI UG (RFER
BD20%), &L < i, BAMCIRE#RE b LRERIZTETHD L
VW TS (RSERBD20%) 12> TWAOTHD, RIS, \fs
®2/30FL, <V 77 FOHARRERICR LTS,
LRFTETIE, TOMBEFICHL, EEEHO D L TERNY
(addictive, F72it, HRIAIICHA LicEas, HHRIER UK
TEAEI L, FhRAES LTIIEGERRDIL) BHHEEFELDD
DA, VI ERETof, TAI—ARUB~EA 20T,
EOWFhOERE BT HHEHICHONTS, 5AF4 ALUEDH
REEEAH S LDICSELTWD, #3320 THERMEREH D
HLODMEITHD LWV HENRRENTWEY, ERICXHHET
W, EEAEC ARBICEE, BEMADD LT HEORENE L
T3 (Thbh, PETIEE2 4%, FHETILTS. 6%, A TS 1
%), Zhiz#t L, =V 77 F0REAH, L8 (12BAaVLITR RU
#FE (18572 L26ER) KW, HEERSH D L LAbok,
KOULTF (FhFh47.3% 243.7%) Th-otohl, 268RELEDRAICD
WTIE, 5 A3 ALLE (63.6%) DA, MEREENH Db DOISEK
LThd,

HAE =Y 77 FORRAKRHNTHERE b OBBAEDERITH,
19754EE M 5 1978 E E TOEKEN 27 7 A THL ITIE—H L C2/3%
S L EEBRBEICE ¥E Tz (1975EETL. 9%, 19765569, 5%,
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19TT4EREGS. 5%, 19784EEE67.5%), BRI <Y 7 7 HERICRAT
HEQHELFACHEOENER LRV L 2HDT L a— %
Bier L RUER —HAVWL B0 Ao EWET A LICEI LT
WA, 19T6EENLI9TIEREOERAE Y 7 A T, B LD b
WEM, v ) 77 EERLES LRI LTEY, M1/30FE, <
Y77 ERLKRET L ZEICHLTER, RALTWS, EE4E
OFEHE L RERULDER, <) 7 rFElcERSTHZL
(occasional marijuana use) KX L TCEZER LR E S, AT
AUERERBREZEY ZLEEBLTCW Mo, LL, vV 777
ZHRUOERT AT TY, H2ROENELHEREBRENE
EZDEOEIGE, BRITEMLTEL, 9BFEEOHRES FAD
43.3%DFE, 7V 7 7 T OHRABRERIGRR TH D & LT h,
1978FERED 7 Z AMPF T, FHNEXE L DEHEOHIL, 34. 9% HD
Lo <V 773 % 1 BN 2ERLTHS T EICRS RARER
L, 19TS4EE O 7 T A TiEb 1% ES, Lo, ZhiX1978
EEO Y T ATH, IHEZ O (8.1%) 108D Lk, 19T6FENS
19T84EFEE D 7 5 A TIE, BREDS AR I AOFLS, —BELTARD
BT 77 2RETAHI L, EMCELEIhZRETHE LN
S5EZELoTEY, £, <V 77 OEANERL, BRIZEL
LNABRETRNWEEZ ZEFEDHEIENE, FEIE L LTS (19754
BEDI T AT/ 3ThoioDR, 1918FEEDF T AT, /4o
TW3), ZHICH LI19TTEEN L I9TSEE O BB LDV T, A%D
BB # o OEREFEMCELET_ETHIEDERERE 2D
DL, BAP2ADBETHEDD, =) 772 EAMICEETSL
LiL, BEETRETHIEBLHEE, DT/ TERN,



4, =V 77 FDOARICRIZTHE

1) KEDERERBICONT

v Y77 roeBELRE (Thbh, FRTYY 77 FRaRSh,
LA ELT 51818) X, BMMREETH- T, AFEAETEHE
ERETEDLILOTRVWS, HEELBETH S, FlAE, —&iidsm
LBMTNRWNWI ETHIN, KEEE, +4<Eb 49D5EDILE
WMESHETHIBO TEELLOTHS, KIFEFERIZED L H6101k
EME, Thbb, ArFEJ A RE, KBKFEEOLOTHD, &
PFE AL RDSG, I0EOLDIE, KETHENE I NEERTS
eHll, SPHEMICERSA TV, KEERELZEAICE, K
FRIZESENBLEDEORDH D L DL, BBEE (B5fE— pyrolysis)
WL 0 BRI ED D,

KBREE, BEEC L2 TEASND EELHMEERS delta-9-
tetrahydrocannabinol (4 72i>%H, THC) &M, ToMofbiEnE
DEIBEL EHIKEL BTV SB, FNME-9-THCLUS DA T
A RFOERIZ2WTIE, ISR TERR, FE—DOI T/ A
NOERRGA /4 FOREERIL2VWTE, EXEELZER
H£LBENTND, HLOEBRLOBHODIZIE, TA#-9-THC
DEFBRN, < ¥ 7 7 - HE OB IEEE 2 R T8O BRI R 5,
FOMO{EFERSE, #R, FhEFOLSHE~OERAE &L,
THCO L HEHEEZXDRATHERGD LD bD L Bbd, THC
B LTH, £<08ELEEMBIERITON TELM, THCIE, X
B ) 77 FORSDO—DITERN LR L Thgithid
bR, Lo T, THCICHET A2HR 0PIz, M\ TH 5K
BEZOLOOOFBICONTE, BICEoMIicfESSictERnd
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DHLbiHHTTHS, Fidid, KRICEEhsfBc0h T E/AF
12, HORBLHEOREIISELTELLI LD THS, HEIEER
FEAHZEEFBAE LTHNICES Sh KRR, MR
CETHONERFRELY LFAS-9-THCOEFRIFZ W, TAY D
ERETEOHFEORKEDIZEALE, bbb EEMRSLO LM
HEERRD IO HE SR TWAERBECHETSHLOTHDIND, n—
FEDMOFERGAEEREZRETIOICHANORTER, 26, &
BEICBTASFEOKFEEOTHCEAEIL, 1 %E2BADLOMRIE L
A BTN,

< U7 7 FORSBREREICERLCEII bR, BERYY T 7T
OEEETHIC L - CERICER T2 LI TERholoi, BER
ShTWa~Y 774k, b T rEEaibFOTHCEFEAELE
Lo THAZ AL THS,

BEOMIZRR SN EXKREDY » FAOSHEfToTELLIY
oy B R OEFE T b, 19THERR, KBRE O ANEE 106
hIM L2 AL MIC L, 19THRIEGIF S A X a0
i 77+ (Mexican “brick”) (F4b%, =V 774 1%n
IS LEERHLELD) OFAF--THCEH R, ¥15 0.2% Th-
7=, 19THESHF SR CHOTHCEE R, FHHR2% Tho7loy
B UEICsrahi, anre7ELBDbRARREDL, EH4%%
BMiBTHCEHERO LD Tholz, Ny o FAN-EEMET
ITHECAFETE Lo LB ESNEERo~ Y 7 7 oMby — T
i, TOTHCEERIL, IFIF1%H28%ICBRTHHOTHT, T
DL DM ALRETE, BEOLL ARV EEREMORIBIEL D
5Lb0THY, HEREREEZVEEILIZLOTHSD,

KEO(LE LIz W T OMBASE L, 2o, Fa ORBWBHHEO
HERBEIC L BICH:, ThbOHMEEARLTHRGTHLEND
WLTEk, ThooWBEEFEALLTHRATEILICRDE,
Haik, REBODREL~) 77 FOMOBRSDOBREERTE DL
JIfed, ThETIE, RBICLVELEDEERERTILDDONS
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e

DD TTAIEFERHEENRTWS, v ) 77 0ks L AcE

COMHELEMEETERTDIEMNTEL Rofelcth, vV 77+

DRFOWEXRTED LD LB, Ko~ 770K
oz, 4EdTHBEIEOND I &izhot, iz L - T,
EEE b EMERWAZ LIy, Fhiskddimgd 588
BiBHT 5 Z L AERRIZAR B, _

Bilt, = ) 77 T OEOLENHED, HYREEZ5IVWTNDS,
BEOLOOFT, IS0ELDEEmRH a2 AR ENE, F0
—THERLYE vy (benzopyrene) {X, BH ESEE LTHE
nTWBL, v 777 OERICE, #A20ELY 2 RBT0%LE
CEERTWEOTHD, Bitid, F—Am0EniAaloh<)
Ty ERADPEDE—AGOEREV EBIEH IR TS,

= U7 7 FORPTHOWTIE, b PhEZERIE Lahs T
e, FAF-9-THCD3LL LR, Toho<l 77 F0mK
SOEHEOREH L L LICHMIENTEE, HETIZIHEZZhE0
ILFHEERHEL, FETOBBREEEHTENIT, FOoL KL
TIhbobEHESFFEICERIN, RoicEEacd Sh 55
RONWTDEEREREBIZ LB TESL, ZOBERIE, ~V77F
DOFRHEFRICH T HIEREML 2 RETHOIRIL2>HDOTH D,

FigEPiehos e/ A4 FeroREmERRLERTD I LT,
BELZBBETHD, SESELERENEMATI LKLY, MiE
BRUE0MmoEERERCHLI I FE /A FOBREZIEREICRES
HLENRTED, BETHE, BEEVOFEEICL HMEREHTHIH
FEXh, BEEHRBITOILTWAE L ZA5ThD, -~ OENNER
SINTRICRBATEDLHERDEBELLNIBOERPZHET),
HEEO-Y 77 FIC L AHMANGEGY ERECHEICERL, 500
[FEROBERT, BESV 77T 2RI EERI VSR LA
FItRAWSLRBZ EiC2s 9, THE TOL BRI, S
TR AMAERENIC L 2R R EFHT 2 DICNBERLE LRI
BHeLbiz, WREBMICE-TEERLDTHoT,

-7 =

U 77 DFEEREHCOVWTOWEE, FHEOS biclitsh
fea TOFR, HRELDLEI<Y 7 7T ORSBEREAMEEEL,
HERAIBROBECERE IFTMEENSH D Z E2AMCLE
BHLPOLTFE/AFY, =V 77 FEaERTIEEN, ToFH
IEADEC2WTOMERRRE L, =) 77 F0LFIC20TD
BRAEASERE BICTEV, RO FRSE L < IFLEMIZES Shi i
TORBOGRMTON 2083, BRI LAER b0 & 55 aHEfEs
HHZ ELER N (BFLoWEmaR), BEic, ) 77 F01k
L LTOBEMSR, TAF-9-THCUADRS NV 7 75O
BEPEZD L MOV TORLOHMESAELDE, <Y 7 7T,
BFLLTHCEGEBICHMRARL, ToMBIc LV R Bebo
L d—ROEHAROTREENBZETHAD,

2) IYTZP OS2SR

<) 77T OEHY, @A RICH TSR0, BT AICEE S
T3, <Y 77 OmiEH R O EDIC BT Rz R,
HELEELZLOTHDL I LRSI L4END D, Zomd, B
FREITTWAEEN ) 77 HEEH LGS, FEEANEL
bhaBENEH DT &%, BEEEREOMOEMELFAIETICR
ETERBOMELEATHSDTHS,

< U7 7 FOB (high) 23, &F JFEAMERIC KT IREC
SVTH, B HI90ECHEBMIIHEEATRY, vV 77 70%)
BlronWTEEMICHEB LAELONE, SRBEFENRRICELSRVWED
THHH, BRFEELTCHDLOTHE, TnbDHHIOBRRK LOFRKA
i, TOEOHEBORTRAE L > T—MICEIEENTE ],
BENCR RS -0n, MEEic T 3LRHAORETHD, =
OHEEI ORI, FeFEid 5% A (digit symbol substitution time)
(RO BEMII—EOREEHFICRAT HIEE), BIRKIRRERH
(choice-reaction time, KILFEf%E R B{EETH Y, TORIGIE, &
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At

REFHZ DR RRT Ao TnD), B LI BT &S
JE B 07 o3I 3~ B BE S R O S % M B TR BB AR £
EERTVWE, METHKR, WAEH, FRRR2LESDETOMOERELE
rhvbiah, EEEZSTH I EBPELMNIRT,

—RENCE A, T L RaMITEICH T AEEORER, <
77 FORARR, oM, A=Y 77 AT S, 17
SYERLDEHEIPENE DV DD EEICHEE L TWhaD Z L 25
&R, EESENZLOTHY, BHOLENZLWVLLOThh
iEH21TY, HILVWERPHEELREROLIEELY LVIEFLXTS
REMNHL 25, WBEFICETIHEFHT, SRR RE
T Y7 FORELWNIATHED, w77 TR, HOSFHEITON
TOEFHARTEAEYBOTRERFEE LS 2 I LE0iTa L)
THb,

v 77 ERETASEE, BVOREBRHLFERACEEEZR
WHFEEA MR DR S, Thid, T LRSS ER
LD THHBEOHRELT, OETRRINELDOTHEESLHE
BICELS BB Thsd, BEETREDLNATZERIFR O
iz, =V 77 i L 5B RBIERCTEREEEELD
HOThY, vV 77+ E2BRELTORWRIBETRAEFREZE N
FEVbvY 7R LA ORI SRR A EHE T
WH D, e EELY, Zivd, EEREE L/BNEE B
THRELDL, FhERETHHERITOVTRIZEADZ L TH D,
ST 2 EBFER, EifthhiebodSEmshy, WFhizo
NWTHIZIERRORER & o TWWb, EHAE L Banseiz g4
Y77 FOAMHRITL, TOEEORNRE<) 77 FORERIZL-
TRRATNRY IFEAYOBEATERBRE LT LWV I AT,
FFLTWS, :

<Y 77 FIC L DR HE TORE L RIETRE L EEMICH -
feprgeid i, BRICiThbh/c ERECOERA ZRICEB LV D
THY, TOERIZL-T, =V 77 FIEHETOERITEEGITS
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LOTHHIEREENICHLMIENRTWD, HEEOBRLEN,
EROBERHDIACV 77 FEFoTND LS Z LIS L
ML THHDT, BELL Y 77 +OERK, SREDHEEIC
B OEELHROERICH L TEFRERL2RIET LD L Ebh 5,

3) RV I FFI&HRMENE S BBRERER URTERICBITS

HMTEEREE

A RS L~ To= U 7 7 OfERE, EEICHBEER
EBARTZHCEET S EFEHERI bOTHD LI Z &iz2onT
B+ RERARTEh T3S, < 77 FOERSEIEEGREN %
B9 2 & EREBIEICE, PFREICEIT 5 H DEEGEEE AT O
i, BEVEEIGEIFEEICLAME, TR ba—RA BT8R, &£
BEOR LI BT 2EETE, RUBESEICRESALZLDTHEA, &
KoBEFERICBITAXBELOI-DICTohi, BEFEESHA
B EEEE I AT AMRESFTEL TS,

<V 77 FOERPETET—REL TSI LRITANLLND
LA RY, roBEMETRICL D BEHEshAIBENAEL TR L, =
V77 Hic L AREPIc B EEEOGREENT <Y 7y HERE
OENRESTETELRD, BoNBECKRETIE, EMXEETH
B 77y HEHEDI L, 60%RVLE0%DOEN, w77 Fick
AHlRE I BB BB A2 T A LA EHL A I L EFALMIL T
B, VT FBTA—ALRIBHERENLD Z &0, E2E—RN
R ETHBLEES-TEL, O o0EMEHHTALICLBE
fEEDOBERE, THLEREEMICESEGLIBELIREVLDIC
RAHTHAI,

ARA P AKIZBH 2 REBEREZ S B EEEE ORI, RA
k REZBEHERAEIIC L > Tiibhiz, TOREZINE, U
77 FRIEE Y, BV £ R CERRUHERIOIERE LA
T, BHERICBT AREEREFR T/ —ANEN T EABHLMC
a2,
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B Y7 F A= THEEEIZ LY Tbh i EEoMEIic g, BRET
BRI LD AR X A EEE N LRI LS 1, 8000 Mkt T d S
5, 16%DLON, v 77 HioH LBERIGETR LIcZ LB
ImERTWA, FAa—ARRlEhiado o gy o7 (#10%)
Mo ) 77 FRRIEND BRI, 24%ICDE- T 5, HIHE
g IcHbnd Y 77 FOERICEET S EEC OV TOEMNHIR
MEBIETHR TS, LES-T, =) 77 FicLBWBFIBTS
TEUAEEARIZ OV 0 B AR, RIS LT oRE, KEROR
HE R IT 1 B BUEESIC W T O R EORRIE, WThb, <
Y7 OB TICHD LI, BRHEEGEEREIIEEFERITOL
VW ETIH—BE LTS,

T BEEERE S, U 7y TOEARICE L TEDRER
BEelEE ST A OD, FOBRME (parameters) s i e AT
ETELVERMIEHD, BRELDLLEIBEAOSH D ABEEEY
o XEBEHITH, AAREORE TR 5 BEEER 2 GRR
LT B0, KOWTREFETE AEEELRI T EARYT
%6oﬁEMBwfﬁ,7977%&&5%%%%?&%H6§%$
MR A RD S HB L LI, EESCAL, <) 77k HHEER
EFeBt s HMEOEENERRAREEI bOTHDH L EMD
LD - LMD TEE LI &L d, OEOMERRWS, B
EOHEEREIC LR, < U 77 o L ARERRIE T IS T D EEER
72 T, BREERSM 2y P THOEERITIHOET & ER
LicZ EABHaNTWA, o kdiz, w77 ek 2EEFO
AT ER AR L OTHL - LIHBALENLTH S,

& T B R B ORI T IR B0 f 1o 4638 LTV B iR ofikcets & id,
< 7 7 FOERICRET 2 HREITHEEH R UEOMOITEIREA DR
RAS, EEMICERAZRUS LV ) HIEEEL T, HIREOKRRH (&
%B<&ﬁﬁ)ﬁﬁf5aw5:tﬁ%éo%@ii&%ﬁﬁ%éﬁ
IH, EEESEREEORITRGE L, BRO ETHLIEPEs T
W E o TWARE, EEIOIGEERESE L IHREHR OES R
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BEENTEY, ThEALTICEEEL, HOHWIERHTLHI I EITRS
OTHD,

4) MiRIFTHE

< U7 7hiE, —RECIRIRE L WS FIEC LV BRRENSLDT
HoaNb, =77 FORESEROHSEICEREERET Lo,
EImLnSMER, RVRRSEICEN TS, ERBACENTY
KERBPLETHo, REROERRARORBERCESZITHLTYE
O LS5 ERE LD, FAMTTIRLAMORLO—D2THD,
(1893442 & 18944E12351F B ABEES (Indian Hemp) EHIERES|E] I©
Ihr, BRICBT2ATHERICEIFYREELE, M~ORBIZH
THREHRVBBEELTWS, FXE, ZOWMEECE, =177
TS EEMERI RN S B DI, FATL DBEICEDTHD Z
LAMNA LR TWAOTHS, LaLinis, Zo@EEE, =i,
BB L =Y 77 FERET D L, SHPRMRPICHS SR
BREMERLERL, <V 77T OEOHFIZH S EOMOREEHDE D
SRR OBEE BRI L TR oENE b b L, TORR,
H Py {Ganja, —HEA ¥ FOHEBETHY, =Y 7vytEndy
2 OHEHI O N E b ORERRKES TH D) FRET TR
MRREEXRLRD, LETE2TVWEOTHD, ZOREEH,
Wiz, BELRBT LY 77 HERZERENRENSTTFETS LS
RES LTS, Thbh, TV Py 0RERIZ, RSN
RUERLL, PoRETAEDI, FA0OREOCESLYKED
A AD] ELTWBDTHD, ZOLIT=Y 77 TR K
MMEND D, FAaQRECRELVEFRIAVRERETSE
TR TWS, ZOEDIERIE, <V 77 TOREL F A aDRE
LR LR BICLRO N, FhCENE 1 BYEEY 1RUT
D~ Y77 FEAEFRETLHITC, WMER, bbb, iR
Wik 0 e Tx A ERIMABN, FAFWELTIOL D R
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FEELLOTICE, 1 BYSEVIEEDZANaBBLETHLZ LEHL

ML TS, ZOMREIC L > T LI S e RIS E R -

T2 7 7 FOREREICHOVWTHE, BECBELEWHRILLVEREZNS
VERHHE, ORI, <V 77 ST OoRERERER S
ERHHEDI, BEEDZ AL B LGS, <V 77 T ORER
Ml RIT T EREY, BIIKE 2 LOIRBESLD EEHLTY
B, DL 7y FEFARAaDBENAELELENRIEBROLD
WL, BEO & RAaliZ 7 o F—fhTbhTisY, £k, TOF—
JLAMEIATL O bHANBREIEL 2oTa0IIxL, w77 FF
Aok, AN —RRVOT, EENREOTATHRNRLE
RTWAZ EIcLdEBbh3, BiZ, v~V 77 THBERHITAFTTE
BREDS LT, v 77 T OMBRRILY S OHEERE (Thbh,
1 BY0104K) ESKBEARS S LETTIERLH S,
BIEDE AL, vV 77T ORERIY - LBAERHLZLEFHSL
MIC LIZsE AV, TAURICBITA-Y 77 FERAORET, =
OISV T b - & bREREHTICRETEIDTHDS, L
L, HtEichlioTv ) 77 TR EEICERTRIL, WA hnRs
FARBINRDD LI LT AEETILERHD, #1500
EoRETHbEL, VWhp b —ALDHE L ERID, KREROREH,
EREMOREICBRAETHLEENE LB ESBALMIS R, F
fr, = Y77 FoEci), HBANEEDREY AERIEAKRESESENT
WA ERSIHRERICE VBN &SN, o, FAaD@DF
wHbonbg, L<{mbhiRBi vy EHETHI YL, <
ZrFo@ohicik, FATOECEESLD L% LLRIIEENRD
T ERBEISNT WA, || &z T I Z 0o REORBIT & i
LBETADITESESHEIL vV 77 OB L o TEREEZT
B BHMIERATVE, Ek, Wil ZrFoEiczbah?
L, BT AH AT THRENRAT FURE —EWIFREDE
o+ —Ic L TIEBC 2T A LMC S, ThEEIROR
BRARBOESICHHENEINFELEALIIZ ST RNE,

|
4

—

ABOBRAICRETEOL S RBEEZTRVWE NI ZERBEL 2N
FAHIL, FORSORERFRAZIBEBLTISAILEESAS LED
ha, RARCEREESELEELSITY, it OfoiEds
BT AAERIEIE KT 5D Th D,

HBH= Y 77 FERETAIAON L FE S A FOMPERE L RRE
DAVFESA FOLPEREZRTHRICELSEDICREIED~]Y
ZrHEIRTRERELLTAHBE, FOMICEXLRERERELD
ZEHBALMICERTHS, RTRTEFMOL/16ITHB Y T 5 HIR
DO, F 0 EHIENMoREIC Ly <Y 77T OoERRbE N,
ZFOERI, FAOEICEL LEEEL LTS, ZThk?
FICO P WEGHEICES T AMORELEENR bR, ZOHWROE
i, FEOREHROENI I 77 T AEO{LEWEATHL N -
F A R, MR U THEENR, FELIRVWEREZ LS
FTDTHDLHI LWVIHREHRET LTS, BERAMIZ W TDNL 25
DOEFRAFE LT TVAR, Zhbickhid, Bk~ 77
FRoni y v aOREFITIR, 80~ E—RE—A—IlHbRD
X 57, WEEZ, WA, REXSE, MRRELE o HERARND
LEBELTVS, thHOWED—ica—n v ICEETDHT A
U HERETAHENDSH, FhicLhiE, Lok REREE
Hrens g a2 EAEICEICOELBERTEY, EEMBRRELET
Holdni3ZLThad, i, PyvAh, FV vy RUPaRXS -
J BB AP EORBRERSIC SO TOFFRICLNE, ZhbDX
BEAEOMICRERNH L &) BRI RHER oD, Thid,
ORI BWCTERNRFETE Y 77y FERETLIES, T A
YA AERHERLTVWA LS, KEOEFERKVAL, Mo
LIFSE L EHTELENIEELEVWEDHTHAS ) LEDND,

SAETCIKEDLNEER ERUER EOAZHBETHE, <V
7RG HERTHE FAa0BEEFRICLoTECSIbO LR
BoMcsTABERLELINEBTAMLS LMBHLND, <)
7 e ERZER, <V 77T oMics A2 bbb TRET 2544
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£ODT, Ok hbE B ET AMENTIGETHS b

BHh5.

5) EMEMEICRIFTER

BHLMHORRERSIC L BEEREETHDHI8%MED A » FRIE
HEHEESOBWEEE CEMDIFL L, < U 77 HrEFRBREBIZ LR
BrRIFLEIEBREINTHD, TOREFE, T/ X
AT RIZEE U< Y 7 7 i L 2SRRI OV TR
A LTWAH, EOENT, 4 FTREREHEE (ascetics) Mk
REWRSEREWIZ LeRMEDBME LTREEFEALTVD
TEERBELTVWS, EHEEEIIRITET=] 7 7 OLBRREN X
e LT, ATEEERCRE U ST AERE, RAEVREICEE
F= ) 77 FOBEBEHEMICHMNI LEEYERRIIEEZ< DD, Th
HOEROBERL, ANEAEIRAEL Y bEVABERA LICES,
KBRS AT AP S Wi 5T 2 fa DRV EVIRERZREZD &
EHic, BRSUIBEQL Y ABEOEREBRLTLWVWIRAT-RLT
VB, BSEOMRTH, ARMOBEn~) 7 7 F0BEEERICLEYT
BEO=Y 77 ERES LERAII S WTOBIC RITTERLRE
Libodihd, £, ABOARMERIETRECEENRELLD &
Rof-EZEbL W< 20 b,

ABOBMOBEE, ETOTANAT o OREN, =V 777
OEREBENEECZDICEELTEY Liflbd b8, 5 Thro
2hobdHoln, LI, ERICEHFREICHAPREVCEVH
TWAR, ZOEICSVTORAO—2 L LT, —BRIZH & T
WiEF A RAT O OBIER, <V 77 FORERIE, REGHE
BEICEET S ERbITFbhD, MEREOEBRIITI S RIS
FoTit, vV 77 0RERELXERIZLBHD, £, TR
FAF O OB HEHENERETTE, TORESESTHEN
haobbdot, <V 77 ke, ro@BERICENTHIE,
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MFP DT R b AT 2 AREIKARICIH SNE Z LT hE S
AL, BIFE T L TR,

< U 77 T ERBERICERY L BEORKKICET S Zo0/ERIc L
HiE, WBTHEOEOEBMER b N HRRER FOBENERIcTh
FThEEBRONL, EOZo08%ED 5 bo—ok, FHINLR
MTFT V77T E2RET 56 ADBERENBHEDORIKIZOWTO
METH-oT, ’

INLOBHICLELD~ ) 7y FOERABER, —HYE0 3RV
L2ATH-T, —ROBEERAFICLD~Y 77 T OERBERT
BT2L0Thol, TOERIZING, BTFELBETFOHEEMOR
BhRLZbhd bl EFREORTOEELORFESRERD BN,
EOMRDILEDZD, ¥ yilBitd~) 77 0@ EMER
FHITOWTOFICL->Th, vV 77> 2HEERLLBSIZIL,
BAOWES EOREMENES Z X8R LR, Lo R TRAR
AT HAERBRER, Yok RBERNERE L 2OMIOVTILE
EEANTIRZRWVD, FIBRICERRES (fertility) ARFUICIHE-INT
VB AEDBESE, BELL N 7 FOERICE VIEEREH ORGER
MELRZ LIRS,

WICEH I WS CoMRIc i, = U 0 7 oEA ok
BRMHHE, EFEENAEEOBECEREE L Ty Z EARANC
Enfe, HE (19794FEXR) FTIC, <Y 77 F2ERLTH0ERE
b, vV 77 FOEROEDICRERFESEENELWOIHES
LTV R RY 7 v, BETH, oL bk
HD e HEIZN L, BEAREREF AL IR EESrbA
VA, BHWERESEBRALV L) 77 FOEEFEEZITRTVOT
IHER—DOBLETHB, '

THEOEFRBBEICH T2V 77T OREEEWIBEIZ>V TN
i, B, EREo ARS8t a~Y 77 TORBECIEET IR
HE2EE LB ERBIThh, TOERE LTECREENELS
TREMENH D Z ERBIENTNE, L L, BEE CORKETH,
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7, BENARLOLIEELRY,

TAYHBREICRTB~) 77 FOEEEROHESCIZEELY
BOTHCR HWFRIC L, THCHRESRZIT DT A7/ ¥
T DWTZIEREE (reproductive loss) 234 UB ik, THCOMLER
EFZTOWANFADHAFEORTH-k, ZhbOZIETEDORE
S, BBROETE, WEE BIEOE (resorptions) HThotl, M
WOFEE L OTREEIIE, —FEOF—rBHnI Lid, HTL
LN TR0k, ZOMEOEEIL, BRHELT, IORRER
PhEZXDE, AHoAEEEROREOROY 77T &5
&, ZHETHEOERESEI BETLABKENWLEEATND,

BT £ {3 (female “street users”) — 372 b, ZhAdbds
Bl Y Ty FEES Rl A ERIThhZ LT LY,
X BT At DA TEREE I BIE LB A RBROBBIC oW TORENRE
Enie, ZORTE, 1EBYEY 3EULOBETE6 » BEALED
B, <V 77 F#EH L20mankiE2e A &, FEROIEEH /L —
FOictE E OB Thh, ERHsS -0k, ARAR
MEE L RAHEERE Y, TOBRAIE, PR (Thibb, ik
BRDAERE) Aledy, BLLHERTREOMMMAEI RS, 2%Y,
HRBAMICBITAEENEL 2D EBANIRT, T, IO
IFN—TOEMCIETrS s Fr—Fthbh, HERIZHS2HT %
ST B OICEERRALE Y —OEREGETA RSN b, HERIC
< 77 EES KR, RILBHEARRDh I IS LEDR
B, TOLHBERLY, MYHKELDZLETRHH, RIBTHEAR
HLoknbhidk by, < 77 FERES MR, )7 PEE
bRVHBHOLELY b EROTAI—VERATEY, ZHARE
BlopBrEx b0 Bb5 Y 2, FRibicil, BRERICE
WA IET L 5 RAEFROBWRD o EONLHENRVOTHD,
Fhizhhmbb¥, =) 7y roBEERHAST, TOEADOHRE
LT, b toZiriEANBRbh B Thsidh 5 &) REER,

ﬁ%&kﬁmowfwﬂ%?—ﬁKxofﬁﬁéﬂtwﬁﬁéoEﬁ_
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AN R EDN TELETIThRATIRL H 54, Thid EOME
ZBAREIT T AT FOMRENZ Ly, {TlEle s, ZhbDETIHEHR
HIRFEI L B RMOERAEOR T, BIEOFEMAESIEANICLEK
EEHHDTHWERLTHB,

M OEBTHCIC L3R (THCOF KR POBILBRED B %
AHEIZT3) 1K, THCRTEEL BT T TV S AP ALOHMTOP
ICHRATEY, Ladh, BRFAICTHCHBIER S THWaRRZETH
e T HADERICLRNL Z EARAMNMIEIRTVWS, EiZ, THCAW
TDMOAFE /A FiE, BREPBHBALTFERNTRELTWARE
RizBEL, 220, BRORBHERE (i) PicBEHT5H0N
EHTLHZER FAhzEhTWa, BEICL 3= 77 FOFER,
FOFELITH LAEMRUHARICEES RIETZ LITOVTI, 8
WOFEIE, BE, <V 77 TR FRICEE LILBEORRRTL
P, ABOBAICK, EEZ0RICET M dWS, HERIC<
V77 RERTRE BROREREZLALLOTEELNSDI L
HEATHINE, HRYICEITS~ ) 77 FOEREER L TEHR
HO TR, .

EFEEEIC RIE TV ) 7 7 T OREBIC oW T, EEFRTREZ
EHELEEINTHES, BICHLMIRsTHEZ b0 ohdh
D, Thibh, w77 EEFRICRE LIZBEIE, BMpoLREE
BRICELT, —EOHHTERERITTLVWIRTHS, TNLIR
—EOFHBOETBRICEEAAE D0, BIFBENCIKBRED
JRE DR AT BUERERIC TS~ ) 7 7 FOREEER S, WANS
RADZALOFEREEDNS, £, Z<HBETE, 777D
HEEFAZERUVEBRZ (regular user) BMEISRFEBEORE T, B
DOEFFHEARVCEOZREIDER B LRI DA D 2 L3
A ESITWD, 208 RREER, LAEEARRIZELTWD
BECHRIM L BESEALY LEEHICHIFFRINTH5E60KH
M, BERRLOLRE, E#IZ, v 7778 AMOERCERIETR
BNV THAREAZZENENELTY, HRPE~) 77T %ER



AT LS ENE P LB RETH D,

6) DIEBMEICRIFTEE

7 1) 7 7 FOLROE IS RIETREIC VTR, AHEEORENE
RIFhNTEIebLOON, “OPFEOMEERD AR, BRELTFFEDE
DRF T4 TIRRESRTEY, ZOLIBRAOBELT. <V 77
Fir L AEWOERT HHIENRESND & L HICTOREBOREL,
FEELHR LD THD, ZHHDOTRDO—2ICNE, 21RO BED=
U7 FEBREFMAMARESET, v ) 77 OEEERESEL
BEnid 0, ZOBETIE, SMUEAEOBED~ Y 7 7 FRERE
2, 1ERVWLIARDwY Ty FE A nEREERI LI KSR
SR E T, chikkthiE, =V 777 ORAELEOBEEIS

TH, BEORBERREIIEAIRZLOTERN2LLD0, w77

F I E% O OHEHS, 2RVt A Z LRGSR, ZOW
FeEOHMAIC LT, BRARL ORARLBEEARDLNRVO, ¥
Y7 FoBEEROERE LT, <) 77 Fo0BE I RIET
BT ATES BT AEHTHD L LTND, TOFFRENL
BSilinc B L7 25 bit, — e O o smic & 2 Bk 2h R
Chh, BVWEESELEELLOTELNo, LidL, ZTORE
EBORMEER LRI L L 50, BRI DEBEEICETOH S BEMN
< ) 7y FEERTAE BETRbL, BUMECKHRED IR,
M A OREORS L HECROEREE DS L IIEMRH, IO
Eoc, DERFICEHT AU 77 T ORBBEARKEICEN I &,
=Ll 7 FOERANEBRBIZE TIER 2729, BREDCHEVRAE
FEHN, DECRBETY Y 7y TOEREETBESITE, KERE,
BRGEESLOIEIZRDESH, SEETOERERGIICLD
A ERGR, LEEREFRCLESERE AR, <V 77T
BERTASEIIANE VSRS, EYebod LTHRSD~
EHLOTHDL,
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7) TYZFFERERS

A DREXH#RT 2 LickBwW T, ARoBRicHT 5 8 %ok
7, WIRERISTEERLOTHLIHE, T, COEERE
ERIGEVCOIBER~ Y 77 T OREICE > TiRbhb LW H 3G
BDZ &R, HERKELDZREMETHD, vV 77 FHAROL
ERICERRL I bDOTHINE IDIIOWTIE, HETHIRENR LS
NTE, —RICHRVEROBERSAEoT-EMIERICLZF—F
T, =V 77 7O RERIGENH T LEERETHEI &
BRRENT,

ABOEE, &z, SEREOBERED LW-EETH, Fh
T _To~ Y 77 FHERAFIIRD bR EW I biIT TR, 20
BERNERICHEMB DD, =V 7 7 FOREEL, REEOEFER
BEEOTNWEwY 77 EFELROALLEST, BEFESZE MO
KIZPDDEEHRRKEVDLE I DERFRET B D OESE LOBERIL,
SETDELEIBThA TRV, BETR, TOEELMEIIRERE
ThHDEvbRiThidh 6d, Ff, ZoREZOWTOIRALITZ-
Zh LEbLDEIEEL AL,

8) REBEFRE

ZOFEFTH, LUV, 0T, ~ U 7 7 ORI
X9 ARIOHRMRIC REKROBECREESEM UL LS BENS
EENLN, BFOTEERIILIIE, oAb ENLLOTHRL
7ote, BEICHRESRTWD ARICHET 5 =20 EEMTFEDREIC
i, —EORMANRDE - EXEEANCERE, Thabb, TUAES
& @ (retrospective) WI9E, 2%V, =V 77 F&EEICERALTY
5F®, U 77O ERELRELETIRE ThaT, £/, —h
B OEMFROBEICIE, < U 7 7 FRBRE OAFHERO LR,
BEICY 4 NAMGRIRIZ o loh  5h, Eie, REEOESHE
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R RIET RO TV ABOEREHES LN E I, HO
B, KEOREHRICRIFTEEEFMTS LT, E0LD
REREEZESONL VI EEFEL TS Z &R TE TV ahod,
IHRBEORED I HOTH, KERFEO I —HoFIREED
BIF (aberrations) A@® EHiIcT Elholz, BiMESHL T
BHOT, BiflEIC (prospectively) fThhiziffs, +74bb, <V
7 > HEBROIE 2 LB LEFEN =255, ThoDHERL, W
P KBRS E R EELRIFT I EETELELDOTHDIN, €0
FEHT ST, TRTOMEESBECHRL L LHIBEDOY
T FERRRERSTWELWHIHRIZLY, EFELELHLOT
hot, REROKBOEESY RS IZOOREEERY, BHRICTD
AR Ew Y 77T ool I BHBEVIBRIILLT, &
BhhEBFRNHY, ZoLd0BEvY 77T OEHORRE
BoTen e, w77 RBEERHERLOICLTLED
DTHD,

pE Ak X 5 Ao 5= Y 7 7 FOREBENR
LTWAF— ik, BFEARERTSOMROEIEALILERR
L, 7=, HOHEEE, »oT, =77 FTREEDESITH,
M (AOEARFL LT ML EWEISE SO TSI L%
e L fe s, s T, P o Ao B ERICF A F~9-THC
(U 7 7 FOEEARBBEERS) 225 L, REICRATORS
RVHIR OFR AR DRERL R DI LEREL TS, LA L,
THHOREREO LD ABERFEOONE, REHEMNTIERY,
R, <) 77 oERIC L - THEAMICEERRAFOREGI L
L3I EEREATIERE, 2B, TELENEVWIZETHS, L
ML, RIEEOSAE, 40 COMNEICRERRD i HIliEE
By R A T i T k) T e R, Sl EbBmBShRThE
B,
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9) ke

DNA (FAF L VPR &/, RNA (U REE) SBRUF v
RNR7ERR (WP ERMICIIAROBEE - REHCEBELTVS)
o (inhibition) XHT 2 ERETOBEREER LD LS REH
2REOOMPIE, REFHTHZ, ABRUEHOWAENEARBIOREHE
MM TN Z-9-THCRMATHB L, DNASHL, RNAGHREOS
RV BEERETNETNMATE L BRSO,

FNAE-9-THCEMADZ LITLD, MR ~DFESE O DA
FEL M LA, DNAOIEB G (repair synthesis) x4 % %
B bhiziot,

BRICHESHIFRICL Y, KEELIZTOERSONL -
2B, BT AHRO R RO B O WAV A IR R
ERIETHRHEENAS D LV BEARESR TV, 0L 5R 8
ZHEELD TS AN =X bD—@mH, EFi#Madicaashnd,
RELRMEPICA LN SDNARBOMEITH S, DL 312, KED
L <EZDALFRSG OV < 200, B olEEc BT 2 DNAS R K
CHIHI LT a R, 208 RFESABOBEICLEE 5 & 4hid,
<V 77, BB E LTCOMERBES R LIRS
753, LalL, HEETOELAS, KEL LI EENIZABEIA
e DR XIIRBRIEBEZOVFHIZON TS, ABOF Ml
HFREZ W 5 DI > EMIERA Ehi- b, i e
WL TRk by, BoRe, MRORSHLEEDH
DB D REREB KRBT X - THH &34, Zhd AROEEI
HEES Z LAFEEENNEE, KRR DAMmE L 3L mEE
LB, AFORBBHEFHCLT 3BBIETRIG (organ
rejection) MEFIEICEST-DZ Lic/ A bV,
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10) REMSFICRE$ HRAR

A XY RAOWEREODC, 19THEICEM-RFINLBEICLN
B, EBWBEES A —FICE UL, KROERASFEETHDS L
LTW3, ZORMOWETIE, 3ERVL, IEDO-Y 77 T EH
DEBRFBEOLADBRER, RENAMOELOERICAVOR DM
B2 LOEHCHIRMEICLIREEZZ T2, ZOHRATCLE,
T OWROFEENS TR, KEOFEAZHT S L NEREZRI T
LIt B e85 LiESSIT TS, LaL, ZORRKRSWTE, |
RTOBHFE, <) 77 FUNDEDE BE-TWDT, ADER
L= 7y r0lERL0REBFRCEMSAH DL, WBIN—TD
B R BRI RS ol L EOBE M THE SN, L L,
T OREMDA XY AOTEDEEMITADE, TIUCBEEL TS E
ﬁ%ﬁbnt%w&wﬁ%%%imﬁﬁLT%&@B%%&:k?%
Do

XY LxlcBil A=) 77 FoBEnEREICET 28R T, Bl
O bbb, BERREER, <) 77 TOREHRECHENR
MBS o CHAERE I PERRT I DIk, ZOFY ¥y
OFEOERILX, THhEBEETEILOTHol, TRbL, w77
FiE L R E ORI, MEE0REE EOMAD K TER
ot

FDEI A=Y E Y Fa—t v VHICROT ZoDH RN TH
i, = OHFEETIL, KIROEEEROEBREHF OBV BHEOEZCT
(my b a—& —BIERME), 29, MOMAEDZEEEEEL Y
A MOMEEEFICLVRELE, 2O 2OHEDCTICL
OETRERL, HRECEAKROENBBRAHLZ LEHEINTLY
RN, RBRE R I ko TR S N, VTR
DAY, KMERHHGER S hiehot, LL, FEFEREDMEHRELL
Lo, FOEMCETALRTAERGRVABNLS 22D, T2
bbb, WThORMEOES S, <V 77 T OEEr-OEHENEHNOMK

. Z
s

RE LT, #bh okt e igEOT{bMNiE X 2 REM 2RI L T
WRWC &, RO, AFEDPOABOIHT W T ORRARE TIEEM
RTERNWIETHALN, ETOMOEBRIC LD REHEEDREEN £
LaZ e, +aHVBEIENIRTHD, LaL, 58 (19795%F)
EFCICRET Lo Fici, ERCLVIFIREEShIBEDO~) 77
FORAET, HEOCEENT X FTO AT B RREE S
52 L&A LEL DR,

HOWREL, CHAREER &N (scalp recording teach-
niques) @b VI, HADOHOPICEREERBEBAT L HFBICLY
WRFELi=as, FORE, BEMA~Y 77 OERIIZEEL T, M
L LB EE L ZEBRR SN, ZORRDIToEHLHI—DD
ERTX, 7S LNCER<- ) 7y A3 LR R 1B BEEY S
HREIZHLEDZ %6 +» ABET 8BS, TORRE LTIHMEMEE
IR e R OB b RN e Z e EE AN TS, ZOZ2o0DE
Bix, WIhb@icv Y 77 RRES AR L LT, RtgieE
L < S M BB E LAMERERH A Z ERTLOTHD
B, 0L ey T 7 R LSRR U < (2 E b,
ARE LS EEBHIC LD L 5 2fFf@he bl b T oI on]id, RE
DEZALHFHTHD, MOBIMFEDZREST S, K (EEG)
FEALEROBFETE, <V 77228 ERITHE, —RRZ
RN E LS Z R bR, EBHRA KIRO M I RE
LT, BEAZINEEEEE LI EREBHLANTE,

1) FrREsy

Z OB oW, REEOMEERCLnbhi LBy, £
NLAE - OREICETAH LWIERIIZ & A EfTbRL TWVRVWOTH
A%, BEKHHLTWAZ LRV RTAETTOLIOREDZ L& L
SEBBRWAIRE - TIRFERAZEEBDRS, vV 77 FHERICE
AL —RRREERENRINE, BE0~Y 77 FRIGHERS
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RTLESZLTHY, TOHE, Ad~ V77 FOREICL-T,
BoVvD o RS (Thbh, HEFRLTWDLIEE, <
77 FOREIC L > T EBE I SN~ REEOGLEATHD L
VWAL D) FER-oTLEY, SMOBMIAREEEIT. =
O LD RS, HERHRROZ L) 77 HERFICLEZD
Lo ThHNR, BREELRERAEOHETH, THETIL, $RO~
Y77+ (FxiE, THCEFEDS W~ Y 77 ) ZEMALIEHBEI
i, TOLIRREREIALOTHD, ZOERE—RIC, MK
AARTRLRELEZD EHEEN, <V 77 L 588 0MmE
LB EBEARERHE HITHEY, BRI THAT D,

— B ABEOERKSPIE-S i, <V 77 ERE Ik
+57 L THY, ERREEEEIOMO AL, TOMOBEEORIER
RERERTAZ LAV EVWDhTERL, < 77 HEREDORIS
ik, =Y 7 HERAOEY b (set) EyF4Y (setting) = J2
DRELEEENDZLOTHAH I L, BYRLEBRELTELZ L
ThB, By ek BEANTY 7y FOERCELTHLALDE
WTWABRE &Y, 2k, toFqrFild, <77 FEERL
TWBHOBBHBELEWRT 5, ~Ricv ) 77 TOERED, &
5L 7y FOREEGHIERIZOVTTRERZRZLTED, o
SELLR), vV 7y T2 FERTIREAFLZEHRLEIELHLOT
b BEE, TOEAZFICERE LERAEHNRIESRI DTN
LS HRTND, BEREICHIEED I DL REIRSELNE
LR RETAMOPIRIE, <Y 7 7 FIc L AEROSEREERET
ATHOEMEMERGEERECLH S, ZORRIZOWVTOTH
MEOKRICLRE, KPLEOPT, LRECHEAOMWE, RUHE
 BOEEIHT A ENABB ANERICEEShBEIL, v 77
FREOMORERERIC T 3 BERSER L3I &2,
B Sz & i,

KERIC L AMEEMC O EMRR, RMEIA, S5, BERERE
EEOEM P Ete, SMIERTE (acute brain syndrome) AELDH
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ZERBESNTWD, 20k ) REERIE, <V 77 FORBERIC
Mgy 5 (RECEEORARTCHBZCEETS) bOThHY, %
KDOAMEL Y LIRABRICIVRESIEZHDLEEZ RTINS, IO
—HOBMEREIL, 7TAVIARETEZHEVRESALZ LBA
WA, IR, BELLARE TR I BORE TR, WARKEEIGE
HEDBEIT bRTEBIZRICALRD b ThHA S, AEm
IEMEREL, <V 7 7 T OEERANBEET S ICHVEERET 3,

BRI KREMRRIC 2T OB, Eio KBS —imicafE L
D LEEITEREN, o, TORARLEVIHOL L CEENRTE
HEOXZEOPIZRLNDE, UL, Z0OkH AREHOERKDRL
FELLBEATIZ Lk, RETLRBENTHS, 2Ehs, B
WKL, HIERE, HSEHERIZEEL TV AL THD,
Bioik, Ty, vV 77 FUAOEBEERLTWA Z LR,
LT UG ERBEAC o TA L L O TR WVERRBICLATRA L -
BEAbHZ LI, LU b0IcRs, TAY TE5HE
DOEPOTIZ, Vv<sah, Uy, aRxg - YHTiFbhi-Hs
OFRTH, =V 77 HEHIZLY, ZOXIRBOERBECSZ
SR AR, BIREARETHI <Y 7 7 HEREO&H
AN E Mo T eDIl, BRBBO TER R LD TChozZ b EHhHnES
T, ORI EMEORRAHELR»-12bDEEDh 3,

A 2 RIZBF 53— 2>OEEKMIETIE, EHlichi 2 kKB EADEBRE
IZBWTHE d=8MEEMR (paranoid psychosis) O4is, =38
BUEH35R (paranoid schizophrenia) DG & HEk L -TFZEAT
b T3, ZOUEETIE, ThFNBHCESE, MEMImES
NTWHBADBEZ W TOEER T E, ZOoREIC Lhid
RERERAL, Bk, KRORAEZS5SPLTI SRS LE
TORKE SELEEHLTEL LD Thok, ZOHRFE, KA
BHACBBELTWS LB ERLEOREE LT, FRRTH
(bizarre behavior), #.£M, IRIR, HEMHHZFEMEEFEORMN,
BOOFRRICHT2EOBRESZHT e, KERICHBE LETi#HE
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FATBESFRARESH, A Pxy —b5 T4 F— i &L 0 ial%
A LIZEY, AEICEME L, T OBREYE R OMOBEE
BBV T, <) 7 7 FicBEET A RMRIKES L CRis, £
NEECIEL LBV TRKESERTHREE, TOEANRL-T
WEHRLENMESETOMORBERLIVEHEER S ELO
(environmental precipitants) R 41&HI L ER4 5 L iFHEET
HbH, KFEOEEFRER, KKROERAZHDIENCRIEROMES
HoTWETHDZ EMREV,

EoZ & & RER, toRCEESRERLS8F O 4 EIZET 5
MEETD, BHARNETRESATEY, Thicknid, vV 77
TERERTHENCH, TORBBREFREISALE HGHSEIICERL
TW=@BERS, w77 F2ERTAZEICLD, TOHHFER
B LD LPAHREINTCV A, LoREDOHREEIR, Fal LT,
=) 77 F, 2hEzEA L TLMbRFE2EEIRVALELND
2, i, EEORBEREICEL TR TIRELZ L TIERYW &
|ELTWD, BICZ ORFEER, TE, BASRRUNAOBRE K
LT, #DEMAT 5P, TORA[IH L TRRBHEEERZLL
EEHAMERHDH T L EFARELTWADLERRIC, HHORA
BEN ) 7y HREATIE, BIUORRBELDZ LR R
RAEIC R L TEETRETHD, LERERLTWVD,

K& AR OB DUV CREBICIRE LRt Liud, =V 7 7
T, FOREQEAEZBERITHIMEOED O TRV, 7
Bz SRR Z UL, HDWIERDANKIZH> THRIIO R
FLRBAEUBRETICHED AT, w77 FroERBTTHER
R, EERSTTVWS, LbL, ZTORERELEBLTWDI LI,
HREELRESHILVILELMSIBHRELOLOA, L
T=V 77+ Thr0h, Thedh, TAa—LEdIs050%
FHoMOEMTHDDMIA LT,

HAFREFEL OFVENEE - TRLEFY ORI, EREE
F L UTEE & & 085 12595, 000 ADSEGRBH OB REHE T oW
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TORBIEESE, <V 77 TEAEOBRRERE ZLTOEKER
FELEHTND, EORRTIE, <V 77 Fick3ERREERRIX
ENThokm, =77 EGEHAC, o, EEMNCERENS
it BESREshAELTEY, TRRET A0 2 DKE
ERLTHD, 8, ZoOMRFIR, THLLRWTHADMW: (THC
EHEDEV) W 2hORBEMREE S &, PAOT[ORKICTEN
TWBAXITHEE, fARBELDEZLTVS, £, ZOMKXEILE -
FOZETHLHTIhEL, w77 Ic LV BHRERIGHES ST
LLHVEDLEZ TG, =, i EDICLIBERESERR
Lich & o, HHRAERPHREL RIS Z &1L, —BIZEXDL
NTVBLEICENWI 2R L TRY, BEEENTE ERND S
B, 5%V L10%DFEHFHEMHEAVER A B L THRATWDHZ &8
Bobhi-, WbhWwAT7 T virasiyy (flashbacks) ZIFZ BHHFE
DORZIE, =V 77 FUNOERIT L o T, F1HTO bad trip FER
LIcbDHhnaN, ZHALDEBMDTI T vraiy ZILLDIEH
EEOERFFRTIESE, TAa—AEL{E~) 77T 2ER
Lih EZBIZ TR IA I ENE,oT, TOMREIRREL
T, NBEICRIEEE, T bad trip (T72bb, BECHE--EY
W E VB &I SN FHEEE) ORREbOFIE, TAI—ARY
- U7 7 FEELREMER O D 5% (intoxicants) OEREEET S
~NETHD,) LBELTWS, BRICIOWRER, RECRKEECE
A A ERHENRERCBITAAEE, bo LHIMOADLSRHODSA
WD (less judgmental) {2, £/, BFEZENMLEY, EHLAED
TEI LDV LOITRESEAT, RENLARLTES, BFH
MOFEFIRTANROND L IR LOREELLRETHELBELT
i,

TV I DT Ty anNy I BE—2FEY, EPEOLDICL-
THERI ENEZLOLAEUOBERVARELOBREFERE X, »
RTHLBRESN TS, 74V IEREREBROKRKBMEREFICONT
ORETIE, 7T v a7 I XKREEBICERT5EIC VTS,
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Fh, HbEVEEIELDLVHFILODNTHREELTEY, SHPFLLIE
RIZBISLSDERBEORE L IZBER L TRV EEALMCER
feo TOXRIRT T 9oy ORBRBENIERMELEVLOT
HY, WHHEOKBREDLOAMEILTRISNAES LHNE, B
FOERPEMINLE TRESNDIBEELH D, Z0 L5 R EBRRN
HEAREEIBANTIHRV, Z0LIRERERBLE-LOIR, &
BEEEZ N6V L, HET3EE8LH 5,

< ) 7 7T EELEBIC T S EERISICRET B ERIE D — 258,
I BUFOBIBIC & 5 Hhi %45 (Drug Abuse Warning Network-
DAWN) T D, Ziid, X EHRESTHY, BEIRROKR
EZOL I RERIGEER BB LN ERBOERTESDIZO>WT, ¥
OREEBEIEDR TV 3 10BHRE2BEL THWBEHOTHS,
19764 E 5 AN B19TTHFE 4 AT 1 ERicEbhEh e LS L,
EYMERAOKEABCBITHIBRE L OEMTHA LERE®D S 5,
< U7 7 Ok, 1M THoTz, BRRREHIBONLEED I b,
—FHLVETH D I9T8ED 1 EM T, <V 77 FOIE(LIL, 611
WERLTWS, Zok3w) 77 OO LR E2 YD L 5 I2fF
REHDEHTLEER 2 ETiddends, bl b=V 7771,
BARKBERD DO —RHURBER L o TWH I L, Fi, <V
T HERAEMEMLTHWA &%, BEMRICEA LEER0TWih
DN Y T 7 FHRUANI LU TESCAETEL L3R
L, V77 FOEEMEBERL WA LRYOREY, 0
NEfLD L H D DF+73 2B 2B THD,

12) RUZ 7+ OEEHFERIZE ZM8RICRIFT Y

vV 77y FoOREMERORRE LT, B OitomavEE D
(CRHERI % (enduring effects) 234 U 50T fERE L, EE
LEEWEETHS, Yy~ 4, FI VY RUFaxZ -V AID3rE
KRNWT, MEIZEFBEIN:, vV 77 FOEREFERABEIZOVWTND=
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DOOFRTHE, TOREFEATIZLETERb-LbDD, Thb
DOIFTRITIEIN L OB LE X (caveats) BdhofzZ L2 TEH

dRihidebien, Thbh, FROMKE Lo v Y T FOEE

FEREOHB I RpoIZ E, BIREHNRELo AR OV TORE
FHET, RICEQOADIEREZERE LTEIbLELELTHENRE
MLRMT DO TRRMIEIE, ¥, =V 77T DEHHFEM
TAV MBI 2HAFEERLEDZ DO TholtZ b2 ¥ENWIAT
bB, BUT, ZOXFIZOWTOHROKERL, <~V 77 F+DER
EOHMBROBEENEBE L EEHBLTEE, LbL, TFEK
LTC, ZOFFICBTAMAEOMEREE, BRETANEEENLDOT
bB, LichoT, ZoOREEE, 72V A0XRREREICELT
i, B, ARRERSEIRIRICSH B,

TV bCH, KEERBERE b OMBEATA NCBET 28 REFR
BHDHA, ZOMRTIE, LEEOBELRETLSESEKOT X FEH
HALT, 850 A=V 77 FOBHEE AR L8ADIHERERH L
L L, TOMBIzENE, KBEERFIR, FORBED %
(psychomotor performance) A5 HL@AUEL <, R E D ME (visual
coordination) LEEOIEES (memory for designs) IZFEEMRLL
DG ant, ok RTH EOoKMSE LD, REH
MHEOFEEDESED~Y 77 HERELD L, HSHBFOENHE
B~ ) 7y HERZFOBECE AR b, TOWRIL,
FORAVIHBHEOLY FICHBENHY, E-BHNERE
(psychometric) E@KXMaddHhsd & LT, MO 2F T4 FH
BRI FOMREESENY, MBI IhEEE L T/, £< OMBELIC
LT, ALREROMIAHIHON, ZOWRELEVELITY,
FILREEHOSITETTHAIEBEZLVEN) A TCOEENED
iz, ' .

BONT 7 OB, W onhokikmboxiihss, B
RAEFORFFFER LTV 2ED I, DFIERVIE TRREB I LA
L) 77 FOREEHOBONSRERESE LHICRMT S Z
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Lok B A, T ORISR T A0 0Ot EZFIZ AN LT,
IOMRIEDNLET —# E ASICHTT 5 20, RECRSVTH
FATEAERET TR, ZTOMEORHERZYLRLOMNE I DD
TORFHRETT I EHTERY,

BEICAR ENTWAILEA > Fizisit 2 1B R E OBTEIL,
FiZ LA D BHEFERAETE (139 A O EHARFERE O T LIRKETH
23 ADXEEFED S LOILA) LEh, M, BEEREOMNEDS
KEWT—#T31LADBMIEERER L ORBHRICEINTITE
NEEHLOTHoT-, WK EL-FRFEOERER, & —HZIE
D THC#I50mg o2 LU KBk (THCEERMN 1720 L 2% DKHF 1
2 BAERVLIOARICICE T 5) & 5EMUEFERAL T, ZTAbD
KERERF o LT, v b5, OEE (electrocardiogram,
EKG), B (electroencephalogram, EEG) ®&pHd, MO M
HRURBER 2 ELEERENEIT SN

NG ORBEICHTALET R L LT, HESEECONT
DLET A R OEMS, HBEDBSIEERELL I LDOH I
BRI SN TDIBEWLET R P bHEfTEShi, ZhbDTNTOH
s (L, MKPORBEBELRETIHERETDT R PEIR
TOTA MNERTIE, METORBEBER, KKERFOBEICE,
BoAPERATIZERRBOBIE) OFRIE, KEEREZO VTS,
7=, EEAFICONTHEES O TH-7-, L, SHEOLE
FA RTibh, 2O00HETRA N (KREMEAEOFSIE, HFERE
(Z T HIBEHE S 9 R LI A & MEWY), FEBRIET A b, &
ZHEB IOV TORBEAEE, EXRREENELET A b (a
test of combined cognitive psychomotor speed), WEfHIERFREZT A b
(a test of time perception) ZIZOUvTIE, KBMERF ILIEFERE
2T, NS B LV BRI,

BELRED, TOLIRERCH L TERERELLLELALND
FiER LW o 0RBEEIE, T OMEHSIIHL AT, 139A
OEHIchic 3 KIKOBEEFRAEO LB AMBRENL, Thoiox
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LEVEERBRENEITEShAL 055, LIAOHBILADIEE
HEBRLMIE SN, BYD2AORBHFEN, EXNL0THo
D, Fhit, BHRICHSEHEL LTRHATESHE L), Thilk
OREELZTDEEOHZEL L, BINEB LIATOITH S 0B
BULETHIELEL V-7, EBEIEOS LOEBIZESHTHED
DTHoleDMiL, UL TRRY, ZOMAOHTREBT L, KEKE
RAEIZONWTA LR EEEOBEER, AROERICL-TEIERE:
ENTELDTHo@dy, T b, ZOL3RESHE, KEOQHA
OIS HofebOnE W) EARBETHI LTS, #LT, &
12, RRICEBT 2BEEEORBELBANICARRT -0, BE
I T ZEMEFE LIVEEIRL T3, 728, A (inadequate
diet) HOAEFRRXOWHEA R THRBIZHVTIE, KBHMERFOIT
BNIEMERED TR L VL7 bDIIRB ETO, —2DERLLT
RBZshTHALRWVWLOTHD, KBROEREN, A&kt ?
BERREBIIRTALOTHLINDG, KREMATAIRRABILNS
DI, EHERATIERATHYBRERLTZ LIRS THASS, H
FZBWTIE, ZThLOMRERE, 2R2ZIBT b0 LLA23N
RELR LT, FIHEBEICHEINLIRETH L,
KPBEORFERHE & HEERE L 2B LT, KEEOERIZHEVW
BITEIABURT A0 E 3 hERRLT A U A DOIFEIE, PRl &b,
RELEDTHERET HRY T3, RKEOERITHES THITIIORN
ERAELABZEEMRLALDIRIZEA Y Rh o, BEROBEDD
THHEBEN TN E B DD, FAEELB LGS, 7AV S
DERCTEY LCHZAOERMBLERABVZ LR, KEOEROE
ERLAREXATHEZE, TLT, KEOBEMIZL»TITBIRA
ICEFORLE /2B, BRI KRFEERILIE L o mTEREN H
BLEBEOEFE LD, ToksLRBESRE-ETEERICN
TEWHRE2 TN TERDTHS,
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13) MtER G

kﬁmﬁfaﬁﬁ—f&ba~Eﬁ®kﬁ%ﬁﬁbf$it&&
HERC R B FIRAEGRT B 2 L —1, SR TAICRESNILLDL
Wb, AEOKRBMERSEE, LR ROKRRC LAER TV
T%Uﬂﬁ%@kﬁﬁﬁ%umﬁ%k&5&E@kﬁwkﬁ%ﬁmf
6:&ﬁﬁ%t:k#6,mﬁ@%mawﬁckﬁééoﬁmﬁwﬁ
55@,k@%@:é#%%i&ﬂfwtoLmb,kﬁwﬁﬁi.
%L<uﬁﬂcﬁﬁ%#%WQ%mwowroﬁﬁ%ﬁﬁtﬁ5:em
10, KEOERBECGIHEWERATEREAD L) Z &2
CTOREMBIIVRRoTELE,
%%&Aﬁ@ﬁ%%&ﬂﬂ&&fvu77%@%@ﬂﬁ¢6mﬁ®
%mmﬁuf@,%nw<om®#mmﬁﬁﬁ%ﬁﬁﬁénfwéa
%Hﬁ%%ént%ﬁﬁﬁawﬁﬁﬁ®¢?,WAwﬁwﬂA%%%
@Wﬁ%ﬁ%#b<ﬁﬁbtﬁ%g%ﬂﬁénrwéﬁ,:@ﬁ%ﬁ
m,bﬁﬁm&ﬁf%@tiﬁ%&@wnﬁ?émﬁwﬁﬁﬁ¢bm
&bﬂrwéo:@M%@%o%%ioﬁ%d,ﬁ&%ﬁt%ﬁuk
ﬁ%ﬁb%ﬁ,ﬁﬁwzbwkﬁﬁm%&mﬁbf,~E%®k%%
%ﬁbfﬁﬁf%:&mﬁbf.%Lwiﬂ%%&%b@%%m&ﬁ
ﬁfé:&ﬁw@w,&wﬁﬁuaéucwﬁd.kﬁ&m%mfﬁ
it (reverse tolerance) — T 725, KEEDEAEEVIREHE, K
ﬁuﬁ#&@%ﬁﬁ%ié:k—J%%okvﬁ@ﬂm%ikﬂ%%
T%éoﬁmﬁawﬁﬁiﬁm,E%B<@%@:5Kﬁbntw<
omwﬁﬁwﬁﬁ&énfwt,m&%&&wmmﬁ%ﬁmﬁgww
&ékwﬁ:kb&ﬁmnt%%?baiu:@iﬁ@%ﬁ@bk?
i%, #MisF (neophyte users) I, SR EERTLIEO X 3 R
K&é@#&%hfw(%%&bf,ﬁﬁ%ﬁbﬁbfwéﬁ%m
vD77#t£6£§%&%%%&%ﬂi<ﬂ%?éi5ERD,7
U77%®m%ﬁﬁ<totaiﬁmuﬁurbibmvﬁéo7U
77#ﬁ&%éh5ﬁ%&bf$ﬁém%%m,§¢®ﬁ%¢KMﬁ
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EnB0T, PEOKBORAEZHVETZ LICKY, FEOEN S
REHINTWEBHEO—EAHEHENT, Y 77 FIC X DEEHR
B izof, LWOHAREELHVELOTHD, ZOLIRTHOZ
ADEZFEEODLICRBETHELTYH, vV 77 T0HANLE
EHEREWIEEOT TR, EMENELHZLESTHMMIR2h
HEBbhs,

KEBROEFEROBEICHE S &, =0 IKEROEFH] &5 B,
FOEEATRERICAVWLGATEY, KFREERTEZLIRLZOMER
BHERELIZY, EVIHWVFEWRERIL, KROEREZLDIZ L
(& o TAEL BHER 2 RIHER OB E TBEAVWELRTHW LR T
AP .

B LW HES, EMERE2H L oARLEHERE
BEB+HZLThsd, EEHTHE BECRBNTYH, 2R &b7T
AYHEEECHBITAVY 77 FOLEEMNAERBES IZELS, T
RETORKOBEEMEA & VI FEOT TR, £k RERGE
IVEBEVIERICLAEHSH D, TOLIRERECLITLHF
HEOTT, KEDEHEZRPHH LICENI T, KOTL&E
R, Thbb, BHEWG, BbhEFE0RE, BRRORIE, TR, 2T
Bx, HER, B, TAZOWOBBEENLTWS, w77
DORBAEY B0 TRACTHRET S KIREREILOWT, LEFERON
EHELEHRLH DS, TOFRICENTS, KFEEAFO LOTL
ZIERO—EAEF SO L MESN TS, T X 5%k, BEEAER
B (withdrawal syndrome) t, 4 £ TO L I3, BERACELE—
OATIRAERE CHRESH THBICTERL,
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5. i EORE

BEERSET bR~ Y 77 FHRIC L2 TH ORI AR EE
(fringe benefit) %, < V¥ 7 7 F#EFE L UTHE S WHEEIZDWVWTD
S REALHRE LD E Thot,. ZRLDHEREDBEDEERT
gl X TN b9 K, RBRIESEE IV B 0 AR ORRICR T 5T
BCHANLRTERENIFRPSOEREZELTHDENTH D, 1FIE
RS AAE - TLAK, KR, HAEHIZRNT, EREME LTHVD
NTxfe, 103 ATH, 2k, KEOF XA, AREOCRES
(United States Pharmacopoeia) WZHE#iahTHEY, SIRECIRR B
CiEbR T ELO L Bbh3, 0L S, KESHHOZSERS
FLTCHOWLR T Iz 20 To—2DRAE, KEOEYE LT
OB APIBIECBER LD Tho I & Th Y, EESRVAELE
ZEALRVIZELNLONS, FHRTEAVIEEDIADOENLOET
ot

FEREE U < HERISEWS REY D b 0BEE & LT OBER REME
TN, B RBLAIE T o Z 2 Xk Y, ERIEHOERCRE R A
LT boEmEy AV ERSThR, Lhl, ZhbDEYEiE
REL LCEATAEE, PRERDIORAZDH D LD L H 21N,
ELHEABRICOVWTE X, REFETAREZENELBEINTND
DTHDH,

1) Hroegkics it HHLHR

ﬁywm%ﬁwmﬁﬁmﬁﬁﬁéﬁ&mﬁmﬁﬁmvU77%@
THCHE L < o g+ 2 8mE W5 2 L85, ThbDEROR
LEELEAFEE LTH, BEL{H—DLDOTHL), TALD
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Eip, SR LTRB T LAF PR ERET 5 L 0TIV,
O RN E D TRVESICEREE L TRYESZENH D,
19T T b i OB R0 —o T, HrObFEREEZZTR
Fio LTHCEZ MW 5 &, BREOBESCKRERD 0RENDRRD
EOBERED N, 0%, KA M CITOREFRTR, BFE
LEZFS FoFEmsEDhi-OohEmbLENE W) ZHEERERZT
38, FIEAR ((BE) LH&BLEES, THCOKF TR, 10ADEE
DA T MCERBENENE, THhICHL, T EREERLER
i onTiL, MoORLBENRIo ., BHA L OEKELTA
b t— FOBES ST IS ADBREIZ YW TRIFITORIHR
Tif, THCELLZT7IFEROWTRrNEERIEEShE, TH
COERICLD, ILADRED S H, UARPRETLE, HERRK
VUELEOIERT B IREEY, THCOREGRICEBEICHEL TW3, BF
2, EE IR HR LRSI, AEAROTHC 2 AW aiand
MTIEEFDE6% Tholkd, THCREERZESIZILTAHAWEHRET
B, FO44%Thot, £, HBZEEHRORWT I ERERWE
BT, TO2%IC X > REERENRR L, A—DRROE
TEHE T, BB BWTT CNEERDREE T L4 ADBE
ICoWT, B, THCICLAWEEEZRILE L 25, SERRVERD
ELhhot, KOBREHA LA TIHAEWS, ZOHRELLE,
EBROE—BBOMIC, THCOBRICHT 5 E8E Ok E7 LIcH
et B A DTV, EE-TWS, WOMETHE, <~V 777
W EE L7 35 & 7 {0 E R SINEA] & DAY R IR EH B
T AT, WERERLEY L LELDORGHD, IIBAOBEON
OAEZEEROB, bM<y 77 T ORMEEEY THL T Y
zyd, EEHAFEILFITHE e oS5 P EOENToNh
fro TOER, 0 ACFEERLIEEN% TholcDIZHL,
FrrzarlT P LTRIERFLEERZ% Tholo, L,
T OBREECHETE R VOB, ThRRICEEERERTIE
BE LMoo, THEE, FhEh TS,
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FEEIC T OANRT T THCEBAWERBA{ThILLS, &
M OR 227200 ADMEF D S b, BAIO66 A H L7z [EIE % &
SENTT L THB &, FRFROERBT TS & LIZbDR,
FRERBAPOTHY, WERLOEDIH L THPIDULEE &>
b DMBIZATHY, BYD4NIEEEFERP 2T Bb D
#EIER (side effect) & LTHL, EFLLOEHLRIBHHIET
Hhol,

R, vV 77, THCRUZIZEEST 28D, H o O{EFHR

EBEO—ROREIVERTH L E KPR ETERT 2 BB T, F5
BhOTHLZENEDLNE, BEETTOLIALTHE, THCRU=

U 7wk, o LT TS 20 TRy,

o EMAHBHEY TRVBEZH LT, AR2b0eR25TH
52

2) #FNE

+ A3 ITELEBEENTWATHCDE 2 DR LOMRAFIER,
BRI A S NE RN EEORE L R 3RANEE BT L THD,
T OERFED, FEABCBHLEZERBHOVTIOBEICY, IR
NIEDETHEBI o2 EEALM LSRN RH LD
Th B, BT THCOAZEZRORE LIRS TR, £ORER
DETIREHE B Thoh, THC ZLoE RN 2 IRIEEFFIOMED
e L CHAWEEERE, BHTRARERRE LN BIERE D
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G, HERMORESLTS, H5VEHBRIC L ThicES SR
LENFRTHY, MOLFEMOERLIZR<ER-TD, 20
FAER, BE  HEORE, N - SHORSORE, BEE
DEHE, WHREORKX, BEOEHL, BRMOET, EZ28EhHn
TR LUEREESEZE -1, KEEORMELRIC L D180 AR L
L THEEIAE (¥ (amotivational syndrome), (B MRS MHLTE,
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L'\_,. e

"\n:“/ﬁ, Téﬁﬁﬁéféﬂgﬁ%ﬂ, ::J’LB@%@{@E%HEL%%%H)T:% ll_hydroxy THCPiﬁTHEﬁEﬂEﬁFﬂFE%T%:&ﬁiiﬂl‘gnflf\{)
CTHELERET S, —F, Bpice L THARRH DMK, FETH
7 EDEREEMNOMIZ, »ECTIREEN, PEEUETIIEEER

A5k, anphetamine DI & HERRKEIA(EA OME O/EM % ¢ < coon '
b booster MYREILH T 5 7% MR PR LA L TV 5, o B — P N o
T, 7y bOFBICRIETRMROMERI, HREM, MERHCLs o -

Cliu

TEHITERESND ZEMNARFITTRITE 5, £/, THCEZBWIZE Cannablgelolic acid Cannabidlollc acld & %-tetrahydrocannabinglic acd
AL THEKTFPRHESRET I bRV b, KEROELAEE (THCA)
FHOTEN LH5 LIELALBICR SRV EE XS, TOA, KK //ﬁt
RELNWHLIZKNCBREEATHAN, L LAMBERTHCORHE .
HEOobOTHAELEZRTINERLARW, £2T, THCOMMER % <o aciive
WKOWTHMICHRT 268N H S, TITiRT v FOTEIZRFEIC ' Cottu hos ctn
LETHCOPEERICET 284 DFRIZONWTIE~ 3, Cannabinal (CBN) A%-tetrahydrocannabinol (THC)
hznl
- 2. #E EERB LURBIRER
THC (1) ix, ¥EHPFTILIA?-tetrahydrocannabinolic acid % active
(THCA) & LCIFEL, I BMKIIISEEERMNZVY, 728 worerc
B L CRRERITFER S 5V ik RERFICEIC L 2L THRERE 54,
EMEOHHTHCIZE LTS (H2), &5iC, THCHEMLE 5T, Tiiiik
THC LY 5~ 6 HDIEM% b -21l-hydroxy THCHEBEND, ZD i
8, 11- [0li]l. THC
. feces urine
—_ — CONHCHzCH20H
_— %
Inactive
CsHn

Ag-!elrahydrocannabinol (THC) arachidonylethanolamide (anandamide) 5 11-(OH=-coN

1 A%tetrahydrocannabinol (THC) & arachidonylethanolamide (anandamide) iR, . =2 THRCO 4 &k & ot
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3. KRICE>TRETIBHMORETE

1) v bOITEIEED)

THCITAEIZ L o T4 RITEHIE L ER T, 2-dmg/ ke & JERERH 5
3 AL, HREBOTLHA LI, 8-10mg/ ke L EIENI 5+ 25 &, @
ICEREBIMET L, ML EK DT ETw - p LiExEoak,
HHENRERZADTHIPCESLIICRS, TEZOAETIEHBLL
WEREELHERITER, EiCahi-n, BEkEnits L 5k
EMAD EWMUSBEFERET 4 LOHRIEHORRI BRI,
EBI, %TEY (walking back) P#RE % 8hC L THIMERT S
(pivot) 2%, E¥T v F THELTRELRAARWE S ZRETHNR
B3, ZOLHRREITEILLSD-25% mescaline 72 ¥ LHHliC
EBELTHAONLSBEETHDLH, HiE D EE (head twitch) DFIRIT
HENRNT EnD, (WOLEHR & IRPEREERERS, THCIZ
X % walking back <0 pivot DFEIRIHEILI0A MBHERE LT HREE
Thol, ¥72bb, THCIL L2 BETENIEMRE L CH b
M bR Ehodz, £, THCOHEE 2P 5 L EBICEFITE
HiEE LT,

2) WL F7o—EEERS 4.5

THCHEIZ L - THEH, 7 v At Lis X 5 1050k Y ol
WL o TRERBEZEEH T2 YEIBMEORKBL LN DA, ¥
Flp EARRRO R VEZETITHEEZITY L THCOREILL - T
A VT —RAEREAERTS (581, 2), LL, Zoh¥
L U—RARENR IR, X6, BAbD DV TR BERE T
T, EbitiHkT 5. —FH, AR EOREREICL - THERA
HEVT—BRRT BN, Thid#EEABREEOLHIERESIC
HETZLIERARTRTHD, FIC, THCIZE B A LT —#TE
REBORHEIZ DN T, FUMHEDO 2 2Y R OEn L LBk
LTH5 (H3), THCHE LU oY F—Ait L 3h 4 L7 —fE

~

FEPRRITRb a2 U > 38T B atropine 2 biperiden,
}';'E‘j DD imipramine tZ L o Tl & B, THCIC L B H ¥ LT —
HERBIRIBIL, 7 2— /L7 2 & agonist O amantadine 20 k=1
(5-HT) agonist WL-5HTPR5-Me ODMTIC J » TEMRI-HE X
Nd, =, N"aERX) K= kB HH LT — 2% LT amantadine




p—
calalepsy catalepsy

drugs THC HPD  |regions THC HPD
chlompromazine 1 t <lesion sites>
physostigmine tt 11 nucleus accumbens I —
atropine 11l 11 caudate putamen —_ 111
biperiden 111 | | | {substantia nigra —_ 1l
L-DOPA l (@] lateral hypothalamus 1l —
amantadine 1111 1 ventromedial hypothalamus 11l —_
L-threo-DOPS Ll -~ central amygdala 14y Ll
imipramine 1 11 <microinjection>
L-3HTP 11 — nucleus accumbens tt1
5-McODMT 1111 — lateral hypothalamus Tt

ventromedial hypothalamus t1
1 : potentiation, } : decrease, — : no change

X3 THCIZEBH % L7 —RFEREORE

MEUCEIER 5T 5408 B2 E L, 5-HT agonist TRHWHFIEMD
= S o te, KIZ, THCOMIERLMLIZOWTT v FORNE
AR SEER 21T o 2R R, {al&ksi% (Nucleus Accumbense : NA ¢) R
BEi&P.04% (Central amygdaloid nucleus : ACE) ORBUEIZL ~T
THCIZ £ B4 # L7 L — TR IEO BRIZ LTI IH] & h 7085,
haloperidol 1= 3% & L 7L —RHICEE RN CH D RRIE—
#5% (Caudate Putamen : CP) OHEETIAT LML R ot
ZOXAC, THCIZ X B0 # U7 — B RERIEORERILEDHRAE
B4 2 RSB R OB S L A0 TRAeL, BROFBICESTS
AR EOEEC L2 HDTh D, Lvh, THALDELOL
Fa— )T I mHEY S -HTHEOBEETIFEICEE LTV,
FHTHCREWC L BT v FOHF L7 —#HTRENRBIEEESERIC
FoTHLERICHBESNG I &0 b EFHERRICHY T EERX
BB, X6, THCIREDHZ U7 — R TERBIFTHC%#21H
RBM I T Lo CRESESENT 5L bAa{iHERTTIE S
B ote, Lk, 72 FRITESIC HF L CRERERICRR D 230

-T2 —

f:-
o

3) BHETEBORES.6.7)

THCIC L DITEIELD 5 b, ERGEMISRDEELSZITRT 0V ON
BFEITEIOELTH B, Bald, THCERELES v FO S Ly
AT LD LHBTEHEZRBATAILORHY, HIoRBITEHORIL A
PLALBEET S Z LRI, £2C, v EMEESS
THZ LI L > TERAICODHENA L AREAEVHL, —ofE
FHTRRBTHTHCOEROELICoWTHH~A (K4), Tv b %
RHHEMBRE T CHLI0EELLE LM LB LSRR LEY,
BALE 7 AEMABET (nuricide) 72 ¥ OWBITEIZARIET S -
ERE<ALN TS (B4 EE), ULhvb I OWBEZBHROBMAT
HoNDEIADBRBAFICHTIRETHL D, BALETYRE

iR IR AUHALF (TUABRLEM
NERMEN 100 namEny
4 EEU
o
3 E &0
2 T 40
g
1 20
u llllllllll D
pro.l 5 10 15 20 25 30 35 40 45 50days P"'I_SMH 33 40 45 50days
THCR & N iLE+ 1) THCR 5 KM EaeRrm
100
KON KEFAN
4 qu .
3 ‘560
g
2 "g’ 40
1 | 20
o S04 o
pro.1_5 10 15 20 25 30 35 40 45 S0duys pre.1 5 10 15 20 25 30 35 40 45 sodays
THCE - Rm Exnm THCR S M BN M
—O— vebicle —®— THC 6 mg/kg, 1.p.

B4 THCOIOH MR 212 L > THET S 1CH T SRMEBE SBL VYA B (TTXRLETMH)
LB MWAMBRET 7 > L CTHC 6 ma/ke & BBAIZI0H S S5 RN 5 80 2Byt 5
MEFMBITSL VY EMRBLE. DHZERETOMBICLU 41 FAXGRE, BicHT 5%
TB: MAMW?  [CTHC 6mg/kg € MM 130 H REEE 55 2 R2ANE TIZERM E Db ST
P ISHARHW SLUSS FORRNBSOA. i, BNRESROREFBARALE (XX1) .
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Whgkd L, ThU EEBBRTAZ L LRL, BRI ELAL, ¥
fo, Fa-—-sRRRICHTHRBEL Mo, TS LT RIMRREE
L72Z v MITHCG6mg/ke ZIEERR ST 5 &L, £ 06053 BT i Ht
T DB BITH P muricide 72 F OBIRITHNRAE Lz, THCREIC L »
TEHHE L7 muricide if, =W ABIFEATHRBMA 23T, 2WITik
IHEE->TLESRY, Fa— ok 2YBORICHD b ORIT
ITHMAERWTLE ) RO TRELEBRITIINRIRT D=
LY Th o (B4 LBREADENED), E612, THCIC L B mur-
icide DFEHHPFELX, THC1 B 1EIDI0AMOBEREC LT, B
B LHgMT A b2, wricide #RT5 v FEES TR
Wy MIBIBEHIRWEDLA I LB b, - ORBITENS,
BEERSEFILELAETOLHERLE. —F, BEOLEERETHS 1
r—VAROEMAFAE L7=F v b T, THCA 1[E#HE LT H A FE
TSP E LR EOEFRBLE T TRBRTEIEaHRE L
W, UL, THCZEBHEE LTW &, 015 #IE AR L0
A ST T M LVWBEFERL, r—VOoFEEhEb-
-9, Tv FEEMNARZ SV boxing posture R T L Hn i, T
7210, irritable aggression NFEHR LA (EE3), “Hhizwy
RERANEEDE, B I-v U RETEBLVIBERELELILE
SRS 2 S0 muricide Th Y, WH-O-STH T LR LT
ehotc, £, BIIHTIHEIIEL BHR LA -1- (4D
ETEDBRAAN. 0L 5 I mricide DFFENE B d Z L AR
MEN, HIZ, EHBHEL WS R FLAEBTOT » Moibh
6THC®ﬁﬂﬁ§_ﬁﬁﬂi, PCPA (p-chlorophenylalanine) & ffH T
WENDZ LMD, BREr b= OERALEDS EEBECBEELTE
0, THC D8I EIC L 5 irritable aggression M3, 6 OHDA
DORAREGIZL > THEBEND Z Eh b, R UZEEO supersen-
sitivity & BHEICRIE L T2 Z LA ¥o e, o &z, HIhREEED H#]
I3 muricide ORFUMFTARIFERRITTOIEMHT L, TOR
R, 7y FERBRBEEEO S LS VL4 BEHANICTO THCE TG L
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THEC L, muricide BRETHZ Liddok, ThikT v h i EM
RHES 2R R T T T THCOERAIHE LT e e hTh 5, L
L, 7 b BEIEEED 1 B ATdH 2 v I3REEET 2 & FIMICTHC 243
3% L EWR muricide BB L/, £, HIMEHEED 2 100 8
WTHCZREG L THLEDRIEFE IR L Ch o, T74bE, THC
(2R SBBITH O BRI BMBIA S Y ORE S l#A2 <, THCH
BB L TWARIC, Ty MRS hukiBIcédh 5 - EREE
ThdZ i/ (B5),

DFIEREAE L2 v MITHC R 1 EHEE LCRE L = muricide
TEDEDI0AMITH > TH~, ZORKE, THCO 1 M5
£ 2 THRICH 3 D HBRITHR muricide AHITO%ER S h i, = DX
T8, THCHEAHRANS T CITEESh TV B IC b b S, B
B2 R DRV EY 2 < 100B L bFEE L, 20k 5 I2THCH
BEEREHT B2 L a7, £2C, THC 1 EREI L - C B
%R L7eZ » M %50H Mo BMIERES SEMFRT I 25 &,
BlEDEIICZhETHLIBIRELTHES v ML, ARSI



100

Y =) -]
(=] [—] =
T T

incidence (%)

[ o]
]
T

[—]

8h 4h -lh 0 2h 1d 5d 10d
Time (hrs, days) after THC injection

K5 BEMMESTOHMETHCIZE S 4 1 FRE O

HMEMAF oL, 4, BEEMRTIZTHC 6 mg/kgE PR, THCE & &
AR EED SR RO, 1, 5, 1088ICTHCEREL /=,

FlONEBLEDNHGBIZIXETOT v FRIEFICEEBALLIARY,
B~OHBEE LR, LY ESICFCHEBTE 2RICh o i, T,
muricide MBI, EHIFEF~OF D M2 Ic L o T0%E TRV L,
Lanl, Y D50%D 5 v MIEFREHMAS, RLTHERTIZ L
TR L. £2C, 2HAMOEHEME Y S BUEIREEORSE
T E B, FDRFEITIITHCERE L TV hibh s
T, HENLTHCEHRE AN PO LHIICENRFRDT v FHMHTHC
BEROKBITEHOREICR -, ULk, THCIZE-TRHEL L
muricide X, EEABT FCREDIHETE T v bW 58HESR
BThBP T ER<EHETITy blebitl, &8, Z0LS
IR TEh O RIBOBERS v FORAEICL - TRRKRSZ LI LEE
MFRERELLNS, LAL, ACEETH-oTH, ABLAEL SIS
FORMMEERERZE LN P AEOEATRELBEHEL TN L
ATHD, SHICHET v bELY LEES » FOFBRALLT I L0
HLTHCDERZ, ZTMRALT L EOBERZELLNS, ZOL I
THCIC & AL, TORBUPEL TET CRSBRLAETLE
FRHFICL-THCERENTED, AT L > TARIIERIC

/

BLTHWELITH-TH, BEHENEE WS ATLEOTE T T
LELBLWBEBREERRIZLETHS (6), Zhilk hOFRES
ICHEZITEI TH Y, THCOERDOBD SRR S 2% CRL
SHLHRTHH D, &L, THCRBRELET w MEe P AFHT
<, WERZ v FE LWL VARG Y LR R YORE
(%)
100
80
60
40

201

BRI ING L

ol

(%)
100 |'

-]
=
T

¥AMEO oW
3

r-9
(=}

T
——

S
i
o

o=
F

pre 13 715R

WREGTH - A RO

K6 THCIZ & > THEASHABICHT 2 HRITHB LN
LUBAF (TOIRUTE) CRETEEREORE



HOFERNHLNI,

4) Labor division ZAWHSTEOEL

THCOHESTTENCRIETREEL AT MEEE BTN, —
FOREZAF B, b ) —HOR OB EFE 258 LicA~T
hEEEE VT, B8 1 BN AR E LEEIEETELLD
AT D, PSR LB 2 CRICEBAIVRS E, &
PT—EW@EFE (worker) &Y, F—FHHEELHK (parasite)
Wb b, ZOdL I, worker & KB, parasite ZIRIEF LT 2
& HE— RRERME AL L, 3o LB o 4 Blic = ORRIEE
Ehd, 2608 ERCT, THCPHBHEDIEREZFTATHD
L, worker [ZTHC 5 mg/ke 2% 5. L= Az, FE—IRIEHRA M
LT, %Y, worker THoLEMINEITE D parasite (2720, &
% C parasite TH -8 worker & 725, 2O L S ICTHCHEXER
—REREMEDHLTIENESE, SETHERThHoLbDERT
il XEHER, Who DK TV 5 EEEEHEE (amotivational
syndrome) @& 3 RRIERMBEER I,

5) 2% - LIEEFORFES. 2.10
THC, TEHHMELEMNIEBEBIZEBNT, =) YEBTHD

scopolamine & [EHEIZIREE OIS L AT OBIEZ FHICHEE L, fREF

Wi EE R 5 2 e dsoTe, THC 6 mg/ke® 7 w MOEEMIZKRET D
&, scopolamine & FIEEIT 8 JFIRA IR RE COEMBMITEE
ERICRERTD (A7) A, AGERREcoOEBpmitEcEe<E
W RIF&E o7z, £, EEABIEE T8 Frka LR ERE
COEERATEBEEY ZH L 6ng/g AR TRALOREE RIE
Xhpinotz, &bk, FHREICHYT 25 HER L AHREICEY
AL EOTMTERNORD 8 FRBEHREEREIBNT,
THCHX scopolamine J ¥ & iERMICEREESHEE S, ZHhbo?D
ZEMmb, THCIR LB 8 FRMAT R IRE CoEMRMEEL, |

i

L l)
~—

HBRORECRROLMERMT 3BAOE FIES< bo T
<, ERLEOEE CTHEZ LBTRERE, Zhit, THCREDRS
HEFENAZICHMBEANS Z LIC Lo TH I RBE L, £,
THCIZ K S ZERBRMGLIEREEEIL, 72 F/A =2V (ACh) agonist 72
TR /A7 FYi Y (NE) ®5-HT agonist IC Lo ThikE
EhD, BT, 5-HT agonist =k HUHERANERHTH =, Fi,
ZHH DML scopolamine 1T & D ZEM RTINS LB EH 8
155, THCIZ L2 EMRAEREECT AT 2 %EEHOF M
M, THCIZ K > THR SN D LEMBEIDBRET » b OIk, HRIHE
% (DH), MRS (VH) BLUNHERE (FC) »LDAChE
BEROERRETOMIZ, FChrHONEHBROERALET L 5-HT

1 *
[
1 ]
EX%Y THC 6 mg/kg
IP injection . ICY injection
I 710 L4
, 3
9 =]
z g6 P
o - o
16 & gl 5
3 g 4f s
T 14 S s |} g
M s 3 -
N | : I = l
- g |
a

. 7‘ m;'kg ST 59x2 50x2 pgu

Tween  anscdamlde (p) THC (ip) Tween  acandamlde Gier) THC (Lor.)
B7 LEeeE eI BE Y anandamideds L UTHCOMBN S L URSNES OB E

MBRICTRT & 3 28 HHMHRRBEIREANS S, T v b ORMEDMIZEAR
ETED (ELEMEMBORRERALAYS, “ONSTHCMHEEY 545
LBOLSicEMBRREIMEEND) , COSMBIERICHTIERERE
Qﬂitﬁﬂiﬁgﬂ#b, ENFNIG BLN0R EOMBEETY, TORRET

DT TRT,

*p < 0,05, **p < 0.01 vs Tween Bl pmwe, W nmien



1

S~

WEREE OWAME R R S, THCIMN OB ICFEET S Ty
JA REREKICREETAZ ENALRTNAIY, ZOZHMEIZACHhE
7 Y OMBRERIICTEE LTEY, R E 0SS L gL <
NWBREEXLLNTWS, 2O M6, THCOERIA A FE/AF
SZRE RN LR 2 REDEEREOHEMRICED DD
ThhH, TAAEMROTEESSBERTIHDOLEELLND,

4, REEYHUF, FFUFEF

Devane'? i, MMACBEAEOMNEMN U M R4 I v R,
BEL, N-FF% F=,=x& ) —/L7 I (arachidonyl ethanol
amide) ThHBZ L %KL, FTFHr ¥ <A K (anandamide) &fadk L
F. THC & I 0WR4s CHRBAREEEFTT 50, EXABFHIER
froktEE LT3 (E1), 7Fr&~vA FERTHCOFR TON
HEROARETHZEELLRA TV, FITHLR, 7FHv&<4
ROEAEERAE THC L L8 LTS R, 74~ FIITHCLY b
95 < ZeRH B LI & EC (R 7), MENCAREALTLI S LT
S —BREER RIS bRt £, THCORF LT —HRF
ERBE D BT T A M (Nucleus Accumbense: NA¢) RHRIK
TFERRENEE (ventromedial hypothalamus : VMH) (CHEALTH A
B LS —ERBREEIIRE L s o, ZOEDIL, TFHr¥<q
FiZ, THC LR EARJEREETHI &MNBEILLNBILD, 7T ¥
v A FOERIZOWTRSHEOTRSBFND,

5. BbHYlc
Pk, ZhETRRTEALONROR R, KEOERKNKT
HATHCH, v MIBLW TR DREITHZHERL, TOHTL=
R AR L TR TLE D L) BETEIL, VoXkARRTS
LI0BELEDO R FEE LI L THD, THCHE &EE&LRST
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RETHLRBALLS v MIbIIRPRERERLBELS, TOED
FFBRENERIZL > TRE SELE S 2T BiskiEr b5, =
ATt FOBBERSCHRASKP LELE AR TH L, HEMT
FEENQENIREETH S, Lrl, 2T v Moo ToER
THDEHWR, THCHL R L b REMEZHERTI LB TH
D, FLT, bt hOBAtERE, AEE, BIREEOBHRESR VIED
TEHERDBERICE > TTHCOEMIZAWIKEILL 9 3, b5 Alcidk
BILEZETH 00 L, — 5T THThEEsgeL, o
RICEF T RET L RITHORBROTEERESZ L bhD, 20
EBABICE S THLERBRE.RET V2D LEDbRS, %12, 124
REELLRZTH, THCOREh G4 < L b HELRbo B8
B o>TWARZ LIIEERTH Y, KFEH stepping stone & L THRE
ZLo TR ELERAEKE D, BENEIA, AEHITFK
Mg EORERE Y Fa— L T& BI5T OB R RN D
FHEhETHRY, RABIOL3AREDICHEIO TR, BAS
AR ATEDLIICIETAITEARLETHAS,

X m|

1) Isbell, H., Gorodetzsky, C. W., Jasinski, D., Claussen, U. , Spulak, F,
V. and Korte, F. ! Effects of (-) A9-trans—tetrahydrocannabinel in
man. Psychopharmacologia(Berl.), 11:184~188, 1967.

2) HEARRETD, BRIFUEL | KROS5, BAREMES, 5
813-822, 1976.

3)Ueki, S. :Abnormal behavior induced by AQ—tetrahydrocannabinol
and its pharmacologial characteristics. Trends Pharmacol. Sei.,
1:126-129, 1980,

4) Kataoka, Y., Ohta, H., Fujiwara, M., Oishi, R. and Ueki, S. :
Noradrenergic involvement in catalepsy induced by A9-tetra-
hydrocannabinol. Neuropharmacology, 26:55-60, 1987.

5 ) BRIFGESL, MAREFD: KBR (= U 7 7 ) O & BK. 73— R
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e E — FTlE L BRAR — (RIFEE-LER, MEFERERMR), p459-470, &RH
R, A, 1984.

6 ) BEIFUE AL  RBE TR, STy (EBEIR, B HER) , p209-218, HA R
fEiEfEtt, KR, 1993.

7 ) EFGESL, ZIRIE— LFHF (L SD & K RFTOEEDH - HFED
5> FHEME & MR R A (B A AW, EAGHER), p 122—133, A VL
B o —1k, #1996 '

8 ) FEFHBL, =R —: 8 ST RER. R0k, 45:510-511,
1994.

9 ) Iwasaki, K., Matsumoto, Y. and Fujiwara, M. :Effect of Nebracetam on
the disruption of spatial cognition in rats. Japan J.Pharmacol.,
58:117-126, 1992.

10) BEEERL B O EERT 7L L neurotransmitter. FHFRAEIA~DH L
VR (BAEAH, EARDREE, p6l—80, AU a—t, A,
1996.

11)Herkenham, M., Lynn, A. B., Johnson, M. R., Melvin, L. S., Costa, B. R. and
Rice, K. C. : Characterization and localization of cannabinoid
receptors in rat brain: a quantitative in vitro autoradiographic
study. J.Neurosci. 11:563-583, 1991.

12) Devane, ¥. A., Hanus, L., Breuer, A., Pertwee, R. G., Stevenson, L. A.,
Griffin, C., Gibson, D. , Mandelbaum, A. , Etinger, A. and Mechoulam, R. :
Isolation and structure of a brain constituent that binds to the
cannabinoid receptor. Science, 258:1946-1949, 1992,
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.
(T8 4 AL b I Fm oy RIEEFEOEHBREICB O TOEE
NWTEDET, SHOEEOKTFSHEDHE L AT LIiRBET LT, i
FELXBRTEBYETOR, BEEWEITHL LD, Vo F—ThHoBEn,
ETIVIDRERITTHINRE L, RV L7 Y 77T AA DA
ATETWVLHEWIELMEET  BOLRIEE s Sy 7 DE* LE LT,
T 7 ETONROIL LRLERALD, =) 77 F 000 T {gEsn
HiNGHELROELARTEARNSRTETEYETL, TALOI &I
DFELT, EEV 77 FHEMEL VW EdH, 2505 CRBRA R
BOHLTHOIHEHEEL, ZOREED, IV S3RRTI 509 KkES
BTE, WHEN T TELEME DN TORBERAN VW EE-Tih E
LT, BCLWEZA2B0Tneilunkbii o, &4, L50L<E
BEWVN= LE,
(FEH)MBEEDNS THEN A E Uiy REEEOEF LB LS
T, HEEEOBRRERBROBREEFED T oy 7 S5BT, v 77
TOBBRENCOWT L L2 BE LI ERBELS R 2-T, &
NICESELIESADI LIl ol=nEBung4, TOE%THELLRE
ZELBWTKRERRICFELTRY 44, BROHBENTEwET 0
T, S BIRRFCEREIC W TE T BES LL ) L 22 TED £,
SHEERLET 20, RELFTELT, REOEHODE, 2
TEEIRT, KRB EI WHEHZE - TWA 0 E D, £ 9505 EA oSN
LD, HHVHEYOILAS Lm0 MREOIREENR X AL O,
EOFRBEI NI Z eI LY, Zhic o ThL < 7 7
FRPISVELT, TARLOLAINEVIFERRN T L HRAT
TH, BECABEELCILONREELTEAONE InEno k
i, FRMICEBEL TWARVWATTR, HRAYLERFZESHT, %
I BDEDLEZCHINENIZETIENET,
PEEARHBL EFRZLBLWEESAT, BBt a T 3 DT
NS AT« -
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1. REEOBHHRER

1) FRHREICRIFTEE (R34 F-1)

BETHLATHEITTITRY, ISR EVNETD, EhEH
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L Abstract

The use of cannabis, a psychoactive substance under international control, is widespread throughout the world.
Reliable information on the actual and potential health consequences of cannabis use is thus an important input
into health policy analysis and for the development of national and intemational drug control strategies.

The last WHO report on this topic was issued jointly with the Addiction Research Foundation of Ontario in 1981
(ARF/WHO Scientific Meeting on Adverse Health and Behavioural Consequences of Cannabis Use). In the
intervening years, there have been many requests for an updated WHO report on the health consequences of]
cannabis use.

In response to these requests, WHO convened a group of scientific experts on cannabis in Geneva in November
1993. The present report is the end-product of a review and update process which started at that meeting. This
report provides a review and summary of current knowledge about cannabis use and health effects, and is likely
to be relevant for policy makers, public health officials, educators, and others concerned with health promotion.

Epidemiological studies from Australia, Canada, Burope, and the USA have indicated an increase in the prevalence
of cannabis use by young people over the last decade. In other regions, mostly in developing countries, data
available is more scarce, making it difficult to draw any conclusions about the general levels of cannabis use in
these countries.

There have been significant advances in research over the last 15 years. These include: basic research on the
mechanism of action of cannabinoids (of which a-9-tetrahydrocannabinol or THC is the most potent), the
molecular structure needed for such action, the discovery of a specific receptor molecule to which the cannabinoid
molecule attaches in brain cells and other tissue sites, the discovery of a natural chemical substance in the brain|
that normally acts on those receptor sites, and the mapping of the receptor sites in various parts of the brain and
elsewhere in the body. Cannabis acutely impairs cognitive development and psychomotor performance, which
increases the risk of motor vehicle accidents among those who drive intoxicated by cannabis. There has also been
substantial progress in understanding the chronic effects of cannabis on the respiratory system and on various
types of cells in the body’s immune system. Chronically, there are selective impairments of cognitive functioning,
and a dependence syndrome may develop. Chronic cannabis use may also exacerbate schizophrenia in affected
individuals. On the other hand, several studies have demonstrated therapeutic effects of THC for nausea and
vomiting in advanced stages of cancer and AIDS and studies on other therapeutic uses are underway.

There is a clear need for both epiderniological and applied research on cannabis and its derivatives, There are
important gaps in knowledge about the health consequences of cannabis use which need to be addressed by well-
controlled studies, including data on the patterns and consequences of cannabis use in developing countries, the
chronic adverse effects of cannabis use and on the relative effectiveness of cannabinoids for medical use.

® World Health Organization, 1997

This document is not a formal publication of the World Health Organization (WHO), and all rights are reserved by the
Organization. The document may, however, be frecly reviewed, abstracted, reproduced and translated, in part or in whole, but
not for sale nor for use in conjunction with commercial purposes.

The views expressed in documents by named authors are solely the responsibility of those authors.

ii



Acknowledgements

Many individuals have assisted the Programme on Substance Abuse (PSA) in the preparation of this document. The
contribution of the members of the WHO Expert Working Group on the Health Effects of Cannabis Use (see Annex
1) and the authors of the background documents for the Working Group meeting in May 1995 (see Annex 2) is
gratefully acknowledged.

Based on the deliberation of the Working Group meeting, an editorial group consisting of Drs Harold Kalant,
William Corrigall and Reginald Smart prepared a summary report which has served as the basis for this document.
Their contribution was substantial and much appreciated. Subsequent drafis were reviewed by over 100 external
reviewers, including selected scientists of the WHO Expert Advisory Panel on Drug Dependerice and Alcohol
Problems, and all WHO Collaborating Centres in the field of substance abuse. We wish to specifically acknowledge
their input, as well as the contribution of Dr Wayne Hall and of the various experts at the US National Institute on
Drug Abuse (NIDA) who have commented on various drafis of this report. Several helpful comments and
suggestions were also made by the United Nations International Drug Control Programme (UNDCP).

iv



WHO/MSA/PSA/ST.4
" pagel

1. Why this report now ?

1.1 Need for the report

The goal of the World Health Organization (WHO) is to promote the highest possible level of health for all peoples
of the world. Psychoactive substances are a major cause of discasc and injury in all regions of the world and a
significant impediment to progress of ‘health for all’ strategies.

The use of cannabis, a psychoactive substance under international control, is widespread throughout the world.
Reliable information of the actual and potential health consequences of cannabis use, including the costs dnd benefits
of different interventions, is thus an important input into health policy analysis and for the development of national
and international drug control strategies.

The last WHO report on this topic was issued jointly with the Addiction Research Foundation of Ontario in 1981
(ARF/WHO Scientific Meeting on Adverse Health and Behavioural Consequences of Cannabis Use). In the
intervening years, there have been many requests for an-updated WHO report on the health consequences of cannabis
use.

In response to these requests, WHO convened a group of scientific experis on cannabis in Geneva in November
1993. The participants at this meeting (listed in Annex 1) agreed that an updated report on the health consequences
of cannabis use should be prepared, and adopted a two-stage plan to produce such a report. First, scientists were
commuissioned (o produce extensive literature reviews in the form of background papers on various topics, and these
were reviewed by othér experts. The authors and titles of the background documents are listed in Annex 2. Secord,
based on these reviews, a summary report was drafted by the original group of experts during a second meeting held
in Geneva from 22-24 May 19935,

The draft summary report was then circulated to selected scientists of the WHO Expert Advisory Panel for Drug
Dependence and Alcohol Problems, WHO Collaborating Centres, as well as other scientists and various technical
units within WHO. Subsequently, the report was revised on the basis of these comments and in collaboration with
the authors of the relevant sections of the summary report. The present report is thus a collaborative review based
on inputs from scientists and public health specialists in all regions of the world.

1.2 Purpose and content of the report

This report provides a review and summary of current knowledge about cannabis use and heaith effects, and is likely
to be relevant for policy makers, public health officials, educators, and others concerned with health promotion. The
report is intended less for the use of research scientists and clinical experts, who usually have access to detailed
information and studies through specialty journals and monographs, and computerized bibliographic services. In
preparing this report, an effort has been made to summarize knowledge without using excessively technical language
where possible, or with only essential bibliographic documentation, and with an emphasis on the major changes in
knowledge in the past fifteen years and their potential implications.

There have indeed been significant advances in some areas in the last fifteen years. These include: basic research on
the mechanism of action of cannabinoids, the molecular structure needed for such action, the discovery of a specific
receptor molecule to which the cannabinoid molecule attaches in brain cells and other tissue sites, the discovery of
a natural chemical substance in the brain that normally acts on those receptor sites, and the mapping of the receptor
sites in various parts of the brain and clsewhere in the body. There has also been substantial progress in
understanding the effects of cannabis on the respiratory system and on various types of cells in the body’s immune
system. Issues such as the link between cannabis use and schizophrenia, and the nature of cannabis dependence,
have been substantially clarified. In contrast, in a number of other areas there has been no fundamental change in
understanding. All of these matters are developed in greater depth in the body of this report.
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1.3 Other sources of recent information

The background papers that served as the basis of this summary report contain much more detailed information and
more complete lists of bibliographic references on the individual topics which they cover (see Annex 2 for a
complete list}.

In addition, a number of major reviews of the cannabis literature have appeared during the past few years (e.g. Arif
& Westermeyer, 1988; Hall et al., 1994; Kandel, 1993; Mechoulam et al., 1994; Musty et al., 1991; Adams &
Martin, 1996), and these have been taken into account when preparing this report. More detail on various issues
discussed in this report can be found in these reviews.

2. Cannabis and health: some issues about inference

The approach to assessing the health effects of cannabis use followed in this report is the same as has been adopted
by WHO/PSA to assess the health effects of the use of alcohol, tobacco and other psychoactive substances, namely
that a reasonable standard of scientific proof is required to arrive at conclusions about the probable adverse heaith
effects of cannabis. Some of these issues involved in assessing whether scientific evidence does indeed constitute
causality are outlined below.

2.1 Making causal inferences

Causal inferences require, among other things, evidence of an association between cannabis use and an adverse
health outcome; evidence that cannabis use preceded the health outcome; evidence that chance is an unlikely
explanation of the association; and the exclusion of plausible alternative explanations of the association.

Reasonable evidence of an association between cannabis use and a health outcome is provided by the observation
of such a relationship in case-control, cross-sectional, cohort, or experimental studies.

If cannabis use is the cause of an adverse health effect then there should be good evidence that cannabis use precedes
the health effect. The strongest such evidence is provided by an observational cohort study or an experiment. In the
case of cannabis, such studies are difficult to conduct due to the fact that cannabis is an internationally controiled
psychoactive substance.

Chance can be ruled out if proper statistical evaluation indicates that the likelihood that the result may have occurred
by chance is very small. :

The alternative explanation that is much harder to exclude is that any relationship between cannabis use and a health
outcome is due to an unmeasured variable which causes both cannabis use and the adverse health effect, ie. a
‘confounding’ factor or factors. Experimental evidence provides the ‘gold standard’ for ruling out such explanations,
This would require the random assignment of persons to use or not use cannabis, 5o as to ensure that users and non-
users were equivalent in all relevant respects prior to their cannabis exposure. However, such random assignment
is unethical, except in studies of innocuous health effects, because of the unacceptable risks imposed on volunteer
subjects, quite apart from legal considerations in the case of cannabis.

Experiments using laboratory animals permit random assignment of subjects to cannabis or placebo exposure.
There may be, however, considerable problems in extrapolating results across species. These may be minimized by
proper attention to the importance of different routes of administration (e.g. oral, intravenous), different forms of
cannabis (e.g, pure cannabinoids versus smoked cannabis plant material), and the question of equivalence of doses
in different species (e.g. rat versus human).
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When an appropriate animal model does not exist, or when human experiments are unethical, observational studies
are necessary and provided they are properly conducted, non-causal factors can be controlled. If the relationship
persists after such statistical adjustment, then the probability is increased that the healih outcome is due to the effect
of the exposure, in this case cannabis use.

Causal inferences can be drawn from research findings by judging the extent to which the evidence meets widely
accepted criteria. These include: strength of association, consistency of association, specificity, dose-response,
biological plausibility, and coherence with other knowledge. These criteria are not sufficient to show that an
association is causal but the more that are met, the more likely it is that the association is causal.

2.2 Acute and chronic health effects

Any attempt to summarize the health effects of cannabis, or of any other psychoactive substance, runs the risk of
oversimplification. The health effects experienced by a user will depend not only on the fact that cannabis was used,
but also on a host of other factors. Acute drug effects, for example, will be influenced by the dose, the mode of
administration, the user’s prior experience with the drug, concurrent drug use, and the user’s expectation, mood state
and attitudes towards substance use, as well as environmental, biological and genetic factors.

The acute health effects of any psychoactive substance are conceptally easier to appraise than its chronic health
effects: the temporal order of substance use and effect is clear; drug use and ils effects typically occur closely
together in time; and if the effects are not life-threatening or otherwise dangerous, they can be reliably reproduced
by administering the psychoactive substance experimentally under controlled conditions. However, in such studies,
the possibility of controlling for blood levels of THC (a-9- tetrahydrocannabinol, the main active principle of
cannabis) would allow stronger causal inferences between effects and THC levels as there is a great variability in
bioavailability (amount of a substance which is available after absorption by any route) according to the route of
administration. It is more difficult to attribute relatively rare acute adverse experiences (e.g. flashbacks, psychotic
symptoms) to substance use. It is difficult to decide whether these are: rarc events that are coincidental with
substance intake; the cffects of other psychoactive substances which are often taken together with carnabis; rare
consequences of substance use that only occur at very high doses; manifestations of unusual forms of persenal
vulnerability; or the results of interactions between different substances.

Causal inferences about the long-term effects of chronic cannabis use become more difficult the longer the interval
between use and the occurrence of the ill effects; the longer the interval, the more numerous the alternative
explanations that need to be excluded. With continued chronic use this interval does not exist although it is still
difficult to make causal inferences due to concurrent factors. The most rigorous evidence of chronic health effects
is provided by laboratory studies of experimental animals in which well controlled doses are administered over a
substantial petiod of the animals lives. However, a great many assumptions have to be made in extrapolating from
health effects observed in laboratory animals to the probable health effects of equivalent doses and patterns of use
in humans. In addition, there may be problems in extrapolating from studies with pure THC to human experience
with crude cannabis preparations. The plant material contains many other compounds, both cannabinoid and non-
cannabinoid in nature, and the possibility must always be considered that differences between experimental and
clinical observations may be due in part to the effects of these other substances. ideally, as bioavailability following
the smoking route varies considerably between and within subjects, the measurement of blood levels of
tetrahydrocannabinols should be included in any study design.

Epidemiological studies of the relationship between cannabis use and disease in humans are clearly relevant for
public health policy, but they arc less rigorous in assessing the degree of exposure to cannabis and in excluding
alteative explanations of observed associations. There is consequently uncertainty about the interpretation of both
‘positive’ and ‘megative’ human epidemiological evidence. In the case of positive findings, cannabis use is often
correlated with the use of other psychoactive substances (e.g. alcohol and tobacco) which are known to affect health
adversely. This makes it difficult to confidently attribute (or exclude) some of these adverse health effects to
cannabis use. When epidemiological studies fail to find adverse health effects of chronic cannabis use, it is



WHO/MSA/PSA/IT 4
page4

nonetheless uncertain whether the substance has indeed few, if any, chronic effects in humans, or whether we have
not used sufficiently sensitive methods or procedures (e.g. cohort size) to reliably detect such effects. Studies on
cannabis-related impairments conducted in cultures with traditional, social use of cannabis, might be helpful in
distinguishing between the effects of cannabis use per se and those of a lifestyle ofien associated with illicit
substance use.

3. Epidemiology of cannabis use
3.1 Methodolegical aspects of assessing cannabis use

The eartfier literature on patterns of cannabis use is largely based on studies in developed countries, reflecting the
emergence of widespread cannabis use among adolescents and young adults in these countries, and the health, legal
and social concems that this has led to. However, an increasing number of studies (for example, Smart et al., 1980;
Carlini et al., 1990; Adelekan, 1989; Kramer, 1990) have been carried out in developing countries (in this case,
Bahamas, Brazil, Nigeria and Venezucla, respectively), which provide some insight into cannabis use in developing
countries as weil.

Because cannabis is an illegal psychoactive substance, (cannabis and cannabis resin and extracts and tinctures of
cannabis are included in Schedule I of the Single Convention on Narcotic Drugs, 1961, as amended by the 1972
Protocol), data on the levels and patterns of its use are much less widely available than on the use of alcohol and
tobaceo. Moreover, the illegality of cannabis gives rise to a number of potential biases that operate to underestimate
the prevalence of its use. First, illicit substance users are likely to be under-sampled in household surveys, and those
who are contacted may be reluctant Lo participate in a survey. Second, even if users agree to participate they may
be less inclined to give truthful responses. Despite these biases there is sufficient evidence for the validity of self-
reported substance-use in carefully designed studies to permit inferences about trends in illicit substance use.

No attempt has been made to estimate global figures on the prevalence of cannabis use, given the different methods
of data collection, analysis, definitions and periods when surveys have been carried out. However, the United
Nations Drug Control Programme has estimated the number of cannabis 'abusers’ (annual prevalence) in the 1990s
at 141 million people, i.e. 2.45 per cent of the world’s population, based on figures given by Member States

(UNDCP, 1997).
3.2 North America
3.2.1 United States of America

The United States have regularly undertaken surveys of illicit substance use over the last 15 to 20 years; these
include the National Household Survey on Drug Abuse, conducted throughout the US on a regular basis by the
National Institute on Drug Abuse (NIDA) since 1972 (NIDA, 1992); and the ‘Monitoring the Future’ nationwide
surveys of samples of high school seniors, college students and young adults, conducted annually since 1975
(Johnston et al., 1997).

The NIDA national household survey originally covered approximately 9000 persons aged 12 years and older in
randomly selected households throughout the US every two to three years. Since 1991, the survey has been
conducted annually on over 30 000 participants.

In 1992, one-third of the national household sample reported that they had tried cannabis, 9 per cent had used it in
the past year, and 4 per cent reported that they were current users. Lifetime use ranged from 11 per cent among those
aged 12 to 17 years to 59 per cent among those aged 26 to 34 years, while 25 per cent of those over the age of 35
years reported some use. Rates of discontinuation of use were high, with over two-thirds of men and three-quarters
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of women who were ever users not having used cannabis in the last year, Weekly cannabis use was uncommon: it
wag higher among men than women (9 per cent of men and 6 per cent of women), with a peak prevalence of 21 per
cent among those aged 12 to 17 years who bad ever used cannabis. Time series data from 1974 to 1990 showed that
the prevalence of cannabis use increased throughout the 1970s, peaked in 1979, and declined steadily throughout
the 1980s to levels lower than those reported in 1974,

The ‘Monitoring the Future’ surveys (Johnston et al., 1997) show wide fluctuations since 1975 in cannabis use
among American adolescents in secondary school; lifetime prevalence among twelfth-graders (ages 16 to 18 years)
peaked at 65 per cent in 1980 and had fallen by nearly half by the early 1990s; use inthe last year peaked at 51 per
cent in 1979 and fell by more than 60 per cent by 1992, The rate of noncontinuation also rose considerably
(Table 1), While most users of other illicit substances bad also used cannabis, trends in the use of those substances
were independent of trends in cannabis use.

Table 1. Trends in Cannabis Use among Twelfth-Graders in the USA

% Any Lifetime % AnyUse in % Noncontinuation Rates*
Use Past 12 Months
Used Any Used 10+
Times
1975 47 40 15 "4
1980 60 49 19 5
1985 54 41 25 8
1990 41 27 34 12
1992 33 22 33 3
1993 35 26 26 8
1994 38 : 31
1995 42 35
1956 45 36 -
Source: Johnston et al., 1997
* This variable is defined as the percentages of those who ever used the drug {or used it 10 or more times) but did not use it in the

past year. To avoid the implication of confirmed pernanent cessation of use, which logically cannot be inferred from the survey,
the investigators used the term ‘noncontinuation’ rather than ‘discontinuation’.

After more than a decade of steady decline in cannabis use, the 1992 survey of cighth-graders (ages 14 to 16)
and the 1993 and 1994 surveys of eighth-, tenth- and twelfth-graders showed an abrupt rise in all three grades,
and a smaller rise among college students and young adults. There were increases in both the initiation rate and
prevalence of continued use (Johnston et al., 1997). .
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hnston and his colleagues have marshalled considerable evidence that changes in attitudes and beliefs about
nnabis use explained the steady decrease during the 1980s, and the more recent increase in use. They report that

increased perception of the risks of cannabis use was strongly correlated with decreased rates of use over time,
iile in the most recent years, there was a significant decline in perceived dangers of cannabis use (Johnston, 1995).

2.2 Capada

national telephone survey was conducted in Canada in 1994 by Health Canada of 12 155 persons aged 15 years
d older. Overall, 28.2 per cent of the sample reported that they had ever used cannabis, but only 7.4 per cent has
ed cannabis in the past year. Rates of use were twice as high among males than females. Prevalence of current
e declined with age from a high of 26.1 per cent among those aged 15 to 17 years to 1.4 per cent among those aged
' to 54 years and 0.7 per cent among those aged 55 to 64 years. Rates of discontinuation were substantial, with
ly 26 per cent of those who had ever used cannabis baving done so in the past year. ‘

1ere have been a number of school surveys conducted in various provinces throughout Canada since the mid-1970s.
he most consistent trend has been an increase in prevalence through the 1970s, then a sharp decline through the
180s. Rates of illicit drug use were lower in Ontario than in the neighbouring United States of America. The size
"the decline in rates of annual cannabis use was greater than for other substances. Among cannabis users,
:quency of use has also declined since 1979 (Adlaf et al., 1995). However, there have been some more recent
creases in overall rates of cannabis use within the last few years.

3 Auwstralia and New Zealand

annabis continues to be the most widely used illicit psychoactive substance in Australia, with approximately one
ird of adults reporting that they had used the substance, and 72 per cent of 2ll young adults between the ages of
) and 24 at some point in their lives having used cannabis (de Zwart et al., 1994). In a national houschold survey
"adults conducted in 1993, the prevalence of use was related to gender and age. Men were more likely to have used
an women, and adults over the age of 45 years were much less likely to have used than younger adults. This
flects the initiation of widespread cannabis use among young Australian adults in the early 1970s (Donnelly &
all, 1994).

ore than half of those who had ever used cannabis in Australia had discontinued their use, or continued to use less
an weekly. Seven per cent of women and 15 per cent of men becamne weekly users.  Weekly cannabis use was most
TAMen among younger age groups, and highest among those aged 20 to 24 years, declining steeply thereafter. The
e of cannabis has increased dramatically over the past 20 years, with the proportion reporting ever baving used
e subsiance increasing from 12 per cent of adults in 1973, to 28 per cent in 1985, and then to 34 per cent in 1993
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:

(Donelly & Hall, 1994). The ‘Omnibus’ household surveys that were conducted throughout the 1970s by market
research companies also showed that there has been an increase in the prevalence of cannabis use for all age groups
between 1973 and 1984 (McAllister et al., 1991).

In New Zealand, a 1990 survey showed that 12 per cent of New Zealanders between 15 and 45 years of age had used
cannabis in the previous 12 months (Black & Casswell, 1991) . Forty-three per cent of New Zealanders in the age
group report lifetime cannabis use. In 1991, a study of 949, 13 to 14 year old children showed that by the age of 15
years, approximately 10 per cent had used cannabis on one or more occasions, and 2.2 per cent reported using
cannabis on more than ten occasions (Fergusson et al., 1993).

34 Europe

The WHO Regional Office for Europe bas collected results from a series of surveys in the Enropean region on drug
use among the general population. In 21 countries that were surveyed in the western part of the WHO European
Region, cannabis has been reported as the most used illicit drug in the general population. In Denmark, in 1994,
approximately 37 per cent of those between the ages of 16 and 44 have indicated they had nsed cannabis at least
once. Using survey data through the mail, approximately 40 per cent of the same cohort had said they had used
cannabis, indicating a slight rise in use in Denmark. In 1991 in Switzerland, 17 per-cent of adults aged 17 to 45
reported ever use of cannabis. In a 1994 survey, 50 per cent of youth by the age of 20 said they had tried cannahis
at least once, a considerable increase. However, this may be due in part to the young age of the cohort. In
Germany, 2 1994 survey of 18 to 59 year olds indicated that 13.6 per cent of those in the western part of the country
_ had ever used cannabis, as opposed to 2.8 per cent of those in the eastem part of the country. The prevalence of ever
use in the United Kingdom in 1992 was 14 per cent among 12 to 59 year olds (Harkin et al., 1997).

For all of the countries participating in the survey, current use, as expected, was much lower than ever use, indicating
that cessation of use is very common. In the broad adult population, no mors than 6 per cent in all o the countries
for which data are available were using cannabis in the month prior to the survey. Among those in the age group
16 to 19 years, current use is generally higher. In the UK in 1991, 23 per cent of males and 13 per cent of fernales
in this age group had used cannabis in the previous year, while among the 20 to 24 year age group, 18 per cent of
males and 11 per cent of females had nsed cannabis during the last year. In Denmark, two 1994 surveys found that
14 per cent and 10 per cent of those aged 16 to 19, and 12 per cent, and 20 per cent of those 20 to 24 years of age,
had used cannabis during the previous year (Harkin et af., 1997).

Seven of the eight Western European countries which participated in a survey on trends in cannabis use indicated
that current use was increasing. These include France, where drug use generally has increased among young people
since 1978, and the UK, where in school surveys the percentages of 13 and 14 year-olds who have ever used cannabis
more than doubled from 1989 to 1993: and the percentage at ages 15 and 16 increased sixfold over the same period.
Luxembourg reported that cannabis use had increased by about 20 to 25 per cent in the last ten years (Harkin et al.,
1997).

The Pompidou Group (Johnston et al., 1994) has undertaken a study of the feasibility and validity of uzing high
school surveys to monitor illicit substance use among high school students m Belgium, France, Greece, Italy, the
Netherlands, Portugal and Sweden (using a sample from the USA for comparison). The study showed that it was
possible to obtain valid data on illicit substance use. It found that the prevalence rates of almost all illicit
psychoactive substances were generally higher in the USA sample. In the European samples, cannabis had been used
at least once by 10 per cent to 36 per cent of the older student population, and had been used in the past 30 days by
between 3 per cent and 14 per cent of the European students as against 19 per cent of the USA students. Cannabis
was used on a near dajly basis by 1 per cent or less of the European samples compared to 3 per cent in the USA.

In the Netherlands, a large national survey of substance use among mote than 10 000 high school students aged 10
to 18 years old was conducted in 1992. About one-third of males and one-fifth of females had ever used cannabis



[O/MSA/PSA/ST.A
ed

Zwart et al., 1994), Data from three national school surveys in 1984, 1988 and 1992, showed large increases
1se between 1988 and 1992, particularly among older males. In the UK, a survey of 3258 randomly selected
isehold residents found that the lifetime prevalence of illicit substance use was 6.9 per cent, with the most
nmonly used substance being cannabis (Russell et al., 1994).

cen together, these data suggest that there has been an increasc in the prevalence of cannabis use by young people
r the last decade in Europe, as well as in Australia, Canada and the USA.

Cannabis use in other regions

- over ten centuries, opium and cannabis have been used as therapeutic agents in the treatment of a wide variety
ailments, or as part of celebrations or as a spice in food in African and Asian countries (UNDCP, 1997). There
, however limited survey data on trends in cannabis and other illicit substance use in these countries and other
1s of the world, Occasional surveys are reported from specific countries but in most cases these data only provide
rade indication of levels of cannabis use. Survey methods are rarely reported, and results are often published only
summary form. It is often unclear whether reported rates of use refer to ever having used or to more frequent use,

1 there are rarely any data on rates of use in different age groups and for men and women. Often only an overall
¢ of cannabis use is reported for all adults which understates rates of cannabis use among young adults who are
:heaviest users.

e lack of standardized methods for sampling and surveys, the limited data reported, and the absence of detailed
; and sex-specific rates from most of these countries indicates the urgent need for promoting comparable data
lection among countries. In this respect, WHO has recently completed guidelines on the use of standardized
vey methods for use by countries to promote comparable data collection and to more accurately assess cross-
tural differences in rates and patterns of cannabis use.! With these caveats, the data are briefly described below.

w1 Africa

rican tribes also made considerable use of cannabis - in Tanzania, the drug found its way into the diet of the
uthern Highlands where cannabis leaves and seeds were used as a spice in the preparation of special dishes.
aditional healers in Tanzania have also been known to use an extract from the cannabis plant for the treatment of
-ache (Kilonzo & Kaaya, 1994).

nnabis is a traditional psychoactive substance in sub-Saharan Africa, mainly used for ritnalistic or medical
rposes, but to a varying degree also accepted as an intoxicant (DuToit, 1980). A few studies on psychoactive
)stance use among secondary school students have been conducted in some sub-Saharan countries, mainly in
geria and Kenya (Adelekan, 1989; Dhadphale et al., 1982), showing the existence of experimentation and use of
sions substances among adolescents, althongh prevalence was generally lower than in Europe.

1990 and 1994, two large surveys were conducted among secondary school students in Zimbabwe (Eide & Acuda,
95: 1996). In 1990, the prevalence of lifetime use of cannabis among 12 to 14 year old students varied between
 per cent for boys and 1.0 per cent for girls, while among 17 to 18 year old students it varicd between 12.7 per

! WHO Manual on Substance Abuse Epidemiology (in draft). Available from the WHO
ogramme on Substance Abuse, Geneva 1997.
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cent for boys and 3.2 per cent for girls. Cannabis us¢ was more prevalent among males of lower socioeconomic
strata living in high-density urban areas, possibly reflecting its comparatively low price.

The data from 1994 indicated a trend towards an increase in lifetime use of cannabis among private school students,
suggesting a diffusion from lower to higher socioeconomic strata. This trend needs to be further investigated.
Cannabis use during the last 30 days also slightly increased among male students in the 1994 survey.

Low rates of ever having used cannabis have been reported in small surveys in Namibia and Nigeria. A 1991 survey
of 600 Namibian schoo! children and their parents reported that 8.2 per cent of parents had ever used cannabis, and
3.3 per cent were daily users. Among the school children 7.0 per cent had ever used cannabis, 3.7 per cent were
occasional users and 0.7 per cent were daily users. In llorin, Nigeria, a self-administered survey of 1041 secondary
school students in 1988, indicated that use of cigarettes and cannabis occurred significantly more in males, while
no sex differences were noted for any other psychoactive substance surveyed. In Lagos State, Nigeria, a 1991 survey
reported that 5 per cent of the sample had ever used cannabis,

In South Africa, a survey was conducted in 1990 of over 3000 individuals aged 14 years or older on their current
use of psychoactive substances. It was found that 13 per cent of all adult males in urban areas reported current use
of cannabis, compared to 9 per cent in towns, 22 per cent in squatter communities and 5 per cent for tribal areas
(Rocha-Silva, 1991). An epidemiological study carried out in 1991 of 7340 students from 16 different schools in
the Cape Peninsula reported that 7.5 per cent of the total sample had ever smoked cannabis. More males than
females had ever smoked cannabis, and there was a trend of increased lifetime use with increased grade level in
school (Flisher, 1993). Another study focusing on African youth in both rural and urban areas, aged 10 to 21 years
old, had reported that cannabis use was predominantly found amongst urban males, with 5.5 per cent indicating that
they were current users (Rocha-Silva et al., [996).

3.5.2 Latin America and the Caribbean

In Brazil, three large national school-based surveys conducted in 1987, 1989 and 1993 found that the percentage
of the surveyed population who had ever used cannabis was 2.9 per cent in 1987, 3.4 per cent in 1989 and 5.0 per
cent in 1993. The highest prevalence of use was in Brasilia (5.6 per cent in 1987, 4.0 per cent in 1989 and 5.3 per
cent in 1993) and S#o Paulo (3.5 per cent in 1987, 4.7 per cent in 1989 and 5.7 per cent in 1993).  Although in
1993, Porto Alegre had 8.0 per cent of reported lifetime use of cannabis (Carlini et al., 1990; Galduroz et al,, 1994).

A number of surveys of drug use have been conducted in Colombia. Torres de Gelvis & Murelle (1990), reporied
the findings of a 1987 survey of 2500 residents in four urban centres in Colombia. Respondents were aged between
12 and 64 years. Two per cent of males and 0.3 per cent of females had used cannabis during the previous year.
Rates were low for all age groups with the highest level of 3 per cent for the 20-24 year age group. In terms of
lifetime rates, 10 per cent of males and 3 per cent of females had ever used cannabis.

A 1992 National Household Survey on Drug Abuse in Colombia (Ospina et al., 1993) found that 5.3 per cent of
adults reported having used cannabis at least once (10.4 per cent of males and 1.7 per cent of females). Usage was
highest among those aged 18-24, with 1.5 per cent having used during the previous year. Only 0.5 per cent of 12 to
17 year olds had used during the past 12 months.

A Mexican household survey of psychoactive substance use in 1988 among respondents 12 to 65 years of age found
an overall rate of lifetime cannabis use of 3 per cent. Cannabis use was higher among males than females (7.6 per
cent versus 2.2 per cent) and mote prevalent among younger age groups. The highest rates of use were in the North
West region where 15.4 per cent of respondents aged 12 to 34 years of age reported ever having used cannabis, 7.9
per cent reported having used during the past year, and 4.0 per cent reported having used during the past month
(Centros de Integracion Juvenil, 1992). Cannabis has been the most reported drug of initiation in the past 3 years
in Mexico (Tapia-Conyer et al., 1994).
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Alfaro-Murillo (1990) reviewed a series of surveys of drug use in Costa Rica conducted over the period of 1983-97,
The most recent and representative of these was a 1987 multi-staged survey of 2700 respondents aged from 14 to
60 years of age. Only 3 per cent of the sample reported having ever used cannabis. The same author reported
summary results from a school survey in 1985 of 818 high school students of whom under 5 per cent reported ever
use of cannabis.

A cross national analysis of psychoactive substance use in Latin American and Caribbean countries, inchiding
Bolivia, Colombia, the Dominican Republic, Ecuador, Guatemala, Haiti, Jamaica, Panama, Paraguay, and Pern
(Jutkowitz & Eu, 1994) indicated that Jamaica had the highest lifetime prevalence of cannabis use, at 29 per cent,
of all countries studied. In other countries, less than 10 per cent of respondents had ever used cannabis. Lifetime
prevalence levels were similar in most of those countries: 7.3 per cent in Guatemala, 6.5 per cent in Colombia, 6.1
per cent in Panama, and 8.3 per cent in Peru. Paraguay had a lifetime prevalence of 1.4 per cent and the Dogninican
Republic 2 per cent.

The same study reported that in all countries except Haiti, men were more likely than women to have ever used and
to currently use cannabis. In high prevalence countries such as Guatemala and Panama, cannabis use starts as early
as alcohol and tobacco (15 and earlier), and a substantial proportion of lifetime nsers currently use the substance
(average 40 per cent). In low prevalence countries such as Haiti and Dominican Republic, cannabis use occurs at
an older age on average (in the twenties) than alcohol and tobacco use (Jutkowiiz & Eu, 1994).

Smart & Patterson (1990) reported the findings of surveys of drug use among students and delinquents in the
Bahamas. In student samples aged 11 years and over, 8 per cent had ever used cannabis.

353 Asia

India has a long tradition of cannabis use from Vedic times as part of various religious traditions. In some Asian
countries cannabis is also added to food as a condiment and used in herbal medicines. The extent of such use has
not been well-documented.

With respect to use for psychoactive effects, only recently have limited survey data been collected on patterns or
trends in cannabis use in some regions. Generalization is difficult because of regional differences in patterns of use.
Surveys in three Northern Indian states in 1989 and 1991 (Indian Council of Medical Research, 1993} found a
lifetime prevalence rate of 3 per cent and a prevalence of current use of I per cent, with no evidence of any increase
between 1989 and 1991. In Varanasi, a study of 4326 college students revealed that overall cannabis use among
them was 4.5 per cent. This decline in prevalence, from 10.2 per cent in 1976, was mainly in occasional users and
the proportion of regular users had actually increased, with a significant increase among women students (Reddy et
ak, 1993). In Southern India, a lifetime prevalence of use of 7 per cent has been reported, with 2.5 per cent current
‘users. Higher prevalence figures of 10 per cent and 27 per cent have been reported in surveys of students
(presumably ever use} (Indian Council of Medical Research, 1993). '

Household surveys conducted in a rural area of India, an urban slum area and in a city among persons aged 10 years
and older found the following prevalence of ever use of cannabis: 3.2 per cent in the rural area; 3.2 per cent in the
slum area; and 2.7 per cent in the city (Machado, 1994). Cannabis use in the rural area was predominantly for
religious purposes whereas in the other two regions its use was mainly recreational. Cannabis use was not perceived
as a problem behaviour in the rural area given the socioreligious context of use, but it was seen as such in the urban
areas where it was perceived as.2 deviant form of behaviour (Machado, 1994).

No survey results were available to WHO on cannabis use in any other countries from the Asian region.

4. Chemistry and pharmacology
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4.1 Terminology

Cannabis is a generic term used to denote the several psychoactive preparations of the plant Cannabis sativa. The
major psychoactive constituent in cannabis is a-9-tetrahydrocannabinol (THC). Compounds which are structurally
similar to THC are referred to as cannabinoids. Inaddition, a number of recently identified compounds that differ
structurally from cannabinoids nevertheless share many of their pharmacological properties. The Mexican term
‘marijuana’ is frequently used in referring to cannabis leaves or other crude plant material in many countries, The
unpollinated female plants are referred to as sinsemilla. The resin from the flowering tops of cannabis plants is
called hashish. Cannabis oil (hashish oil) is a concentrate of cannabinoids obtained by solvent extraction of the
crude plant material or of the resin.

4,2 Cannabis and various preparations

Cannabis contains at least 60 cannabinoids, several of which are biologically active. The primary compound of
interest is (-)-trans-z -9-tetrahydrocannabinol (hereafter referred to only as THC, unless otherwise specified) which
is the most potent cannabinoid in the plant. Cannabinoids also occur in the plant in the form of carboxylic acid
derivatives, e.g. tetrahydrocannabinolic acid. The THC content and the cannabinoid composition are known fo vary
widely depending upon the variety and growing conditions. The THC content in cannabis is fypically in the range
-of 0.5 to 4 per cent (Huestis et al., 1992). Cannabis oil, hashish and sinsemiila all contain concentrations of THC
exceeding that in the average plant material. Sinsemilla may have THC concentrations of 7 to 14 per cent. THC
content in hashish generally ranges from 2-8 per cent, although it may be as high as 10 to 20 per cent. The
concentration of THC in cannabis oil varies between 15 to 50 per cent. Concerns regarding THC content in
cannabis have been renewed because of recent developments in indoor hydroponic cultivation techniques. For
example, these efforts have enhanced the THC content in Dutch hemp, so-called ‘Netherweed’, to concentrations
as high as 20 per cent .

Dosage

A typical joint contains between 0.5 and 1.0 g of cannabis plant matter which may vary in THC content between 5
and 150 mg (i.e. typically between 1 per cent and 15 per cent). The actual amount of THC delivered in the smoke
has been estimated at 20 to 70 per cent, the rest being lost through combustion or sidestream smoke. The
bioavailability of THC (the fraction of THC in the cigarette which reaches the bloodstream) from marijuana
cigarettes in human subjects has been reported from 5 per cent to 24 per cent. Given all of these variables, the actual
dose of THC absorbed when smoked is not easily quantified.

In general, only a small amount of cannabis (e.g. 2 to 3 mg of available THC) is required to produce a brief
pleasurable high for the occasional user, and a single joint may be sufficient for two or three individuals. A heavy
smoker may consume five or more joints per day, while heavy users in Jamaica, for example, may consume up to
420 mg THC per day. In clinical trials designed to assess the therapeutic potential of THC, single doses have ranged
up to 20 mg in capsule form. In human experimental research, THC doses of 10, 20 and 25 mg have been
administered as slow, medium and high doses.
The pharmacological and toxicological consequences of cannabis exposure are likely due to mumerous constituents
in the plant. Inaddition, smoking ¢annabis results in the formation of a large number of pyrolysis products. The
vapour phase consists of nitrogen oxides, carbon monoxide, hydrogen cyanide and nitrosamines, and the particulate
. phase contains many known carcinogens including phenols, cresols and polynuclear aroroatic hydrocarbons. During
smoking, tetrahydrocannabinolic acid, which lacks psychoactivity, is converted to THC, thus adding to cannabis
potency.

43 Synthetic cannabinoids

In order to investigate the mechanism by which cannabinoids produce their effects in the central nervous system,
numerous structural changes have been made in the THC molecale. Minor structural changes to THC profoundly
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alter its psychoactive potency; this indicates a highly specific mechanism of action. Furthermore, systematic
structural modifications have resulted in the development of novel cannabinoids that are considerably more potent
than THC. Notable examples include the bicyclic analogue CP 55,9407 and 1 1-hydroxy-dimethylheptyl-o-8-THC,
the latter being several hundredfold more potent than THC itself. In addition to enhancement of potency, these
syntheses led to the development of some cannabinoids with structures distinctly different from that of THC. Despite
the development of structural diversity and enhanced potency, all of these analogues produce the full complement
of THC behavioural effects.

44 Receptors

Recognition of the structural requirements for the cannabinoid analogues prompted the search for a cannabinoid
receptor in the brain (Howlett et al., 1990). Using a radio labelled form of a potent bicyclic cannabinoid, Devane
et al. (1988) were able to characterize a binding site that exhibited three key features: cannabinoid agonists bound
with high affinity, nop-cannabinoids did not bind, and that this site was present in very high abundance in the brain.
Moreover, Compton et al. (1993) demonstraied a very high correlation between receptor affinity and biological
potency of the various compounds, a necessary criterion for a receptor-based mechanism of action.

This receptor is distributed differentially in the various regions of the brain, in a pattern that is similar throughout
a variety of mammalian species, including humans, Most of the receptors are in the basal ganglia, cerebelium,
cerebral cortex and hippocampus. A rough correlation appears to exist between this distribution and some of the
effects of cannabis. For example, binding sites in the hippocampus and cortex may be linked to the subtle effects
of cannabis on cognitive fanction, while those in the basal ganglia and cerebellum may be associated with cannabis-
produced ataxia.

In addition to the cannabinoid receptor in the brain, a peripheral receptor has been identified in macrophages in the
spleen. The peripheral receptor is structuzally different from the brain receptor. This observation is important
because it suggests the possibility that other receptor subtypes with entirely unique functional roles may exist.

4.5 Endogenous ligands and an endogenous capnabinoid system

An endogenous ligand for the cannabinoid receptor has recently been identified (Devanc et al., 1988, and 1992).
Known as anandamide, it appears 10 have actions which are similar to those of cannabis in several pharmacological
assays, although it is considerably less potent than 4-9-THC and has a shorter duration of action.

In order for anandamide to act as a neurotransmitter or neuromodulator, there must be appropriate synthetic and
metabolic pathways. Synthesis has been demonstrated to occyr in homogenates of rat brain. Anandamide can be
degraded by a variety of tissues including brain, liver, kidney and lung. Evidence is emerging that a family of
anandamide-type compounds may exist.

Although the recent progress in neuroscience suggests the existence of a cannabinoid neurochemical system, its role
in the brain and its relationship to other neurochemical systems rermain to be clarified (Mechoulam et al., 1994).

There is so far no direct evidence for a primary functional role; it may be, therefore, that the endogenous cannabinoid
system is largely neuromodulatory in function. The consequences of manipulating the cannabinoid system can be
only conjectural at this time. Based upon receptor localization in the brain and the pharmacological effects of
cannabinoids, it is reasonable to foresee roles in cognition, memory, reward, pain perception and motor coordination,

2 The chemical name of this compound is (-)-cis-3-[2-hyd.roxy—4—(l,l—di.methylhcptyl)phenyl]—trans-4-(3—
hydroxypropyl)-cyclohexanol.
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to name a few. At present it remains to be determined whether, and to what extent, use of cannabis will alter
processes which regulate the endogenous cannabinoid system.

4.6 Antagonist

An experimental compound which acts as an antagonist on the brain cannabinoid receptor has been identified
(Rinaldi-Carmona et al,, 1994). This compound prevents or reverses the pharmacological effects of carmabinoids,
1t appears to be highly selective for the cannabinoid receptor, and does not bind to a variety of other brain receptors.
The discovery of this antagonist provides a valrable tool for investigating the functional role of the cannabinoids
in the central nervous system, -

4.7 Pharmacokinetics

THC is absorbed more quickly when delivered by smoking than after oral ingestion. Each puff represents a small
bolus of the drug that is delivered to the circulatory system via the capillary bed surrounding the alveolar sacs of the
lungs. Huestis et al. (1992) reported measuring detectable amounts of THC (7 to 18 mg/ml) following a single puff
of cannabis smoke in individuals smoking cannabis cigarettes (1.75 per cent and 3.55 per cent THC content). When
experienced nsers smoked cannabis cigarettes containing 1.32, 1.97 and 2.54 per cent THC, peak concentrations
developed in excess of 100 mg/ml (Ohlsson et al., 1980; Perez-Reyes et al., 1982; Huestis ef al., 1992), although
there was congiderable intersubject variability. Obviously, the dynamics of smoking substantially influences how
much of the drng is absorbed. The number of puffs, spacing, hold time, and lung capacity, contribute to this
variance.

‘When cannabis is smoked by non-tolerant individuals, physiological and behavioural effects appear rapidly. Huestis
ctal. (1992) found that peak effects occurred at 17.4 + 4.8 and 13.8 + 4.2 minutes after initiation of smoking of a
low (1.75 per cent) or high (3.55 per cent) dose cigarette. Maximum effects were recorded within 4 to 6 minutes after
the last puff of cannabis smoke.

Plasma levels of THC fall rapidly as the drug redistributes into fatty tissue in accordance with its high lipid
solubility. The delay between peak blood concentrations and peak drug effects are likely related to delays in
penetration in the central nervous system, and to subsequent redistribution of THC following rapid uptake by adipose
tissues (Barnett et al., 1982; Barnett et al,, 1985).

Generally, behavioural and physiological effects return to baseline levels 4 to 6 hours after usage. Blood
concentrations of THC peak prior to drug-induced effects, leading to a dissociation between blood concentrations
of THC and pharmacological effects. This time discordance has led investigators to improve the technology for
measuring THC and its metabolites in biclogical fluids and tissues (Cook, 1986; King et al., 1987; Gjerde, 1991),
and to develop pharmacokinetic/pharmacodynamic models that establish a refationship between concentrations of
THC and the physiological, behaviourat and performance changes produced by cannabis (Chiang & Barmett, 1984).

4.8 Research gaps

It will be important to identify the various neurochemical processes (such as synthesis, release, inactivation, storage,
etc.) which constitute the functioning of an endogenous cannabinoid system, and to discover the physiological roles
of this system. This kmowledge will be the basis for understanding whether and how the use of cannabis modifies
the endogenous system. Another priority is the development of a range of potent cannabineid agonists and
antagonists with diverse structura! features. These are needed to explore the development of potential therapeutic
cannabinoid agents. Continued efforts should be made to clarify the relationship between blood cannabinoid levels
and behavioural effects, and to better understand the pharmacokinetics of chronic use, and fetal metabolism
following in utero exposure,
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3. Effects on the brain and behaviour
51 Acute effects on central nervous system functions and behaviour

The acute effects of cannabis use have been recognized for many years, and features such as mild euphoria,
relaxation, increased sociability, heightened sensory perception and increased appetite have been described in carlier
reports. The acute effects of higher doses, inchiding perceptual changes, depersonalization and panic have also been
well described previously (ARF/WHO, 1981). Research conducted since the last WHO report has focused mainly
on quantifiable effects such as those on memory, psychomotor performance and appetite; however, some work has
also been done on the acute psychotropic effects of cannabis. A recent report done by Mathew etal, (1993), showed
that cannabis smoking was associated with significant depersonalization that was maximal 30 minutes after smoking,
Other behavioural changes associated with cannabis intoxication included loss of time sense, sensation of ‘high',
anxiety, tension and confusion (Mathew et al., 1993).

Recent studies have confirmed and extended earlier findings that cannabis can affect memory in various ways. Free
recall of previously learned items is often impaired when cannabis is present both during the learning and the recall;
the major impairment is often reflected by intrusions and novel items. Ina study done by Block et al. {1992}, the
acute effects on human cognition of cannabis were assessed. It was found that cannabis impaired all capabilities
of learning, including associative processes, and psychomotor performance. The only areas that were not affected
were those of abstraction and vocabulary. It was also found that cannabis use altered associative processes, thereby
making unconmon associations more pervasive (Block et al., 1992). Recall of prose material is generally impaired
by cannabis, but its effects upon recall of series of numbers (the digit-span test), récognition, and paired-associates
tasks (arbitrary word pairings) have been inconsistent. Generally, material learned in the absence of cannabis can
be recalled even if cannabis is present in the blood. Although the acute effects of cannabis on memory appear to be
modest, the possibility must be considered that chronic use by an adolescent might result in a cumulative
developmental impairment.

A substantial number of recent studies have confirmed that cannabis use consistently increases the consumption of
food, especially of high carbohydrate foods. In contrast, cannabis has not shown consistent effects upon the users’
subjective reports of appetite. The reason for this apparent dissociation between appetite and food consumption is
not known (Mattes et al., 1994).

Several studies have shown that cannabis appears to increase the perceived rate of the passage of time. Consistent
with earlier observations, numerous studies in the past ten years have confirmed that cannabis impairs psychomotor
performance in a wide variety of tasks, such as handwriting, tests of motor coordination, divided-attention, digit-
symbol substitution, and operant tasks of various types (Solowij et al, 1991). The consistency of results is probably
attributable to improved experimental technique, as reflected by greater attention to the importance of task
complexity, standardization of THC administration, studies of dose-effect relationships, and of sharper definition
of acute versus residual effects.

A number of studies have examined the acute effects of alcohol and cannabis on various performance tasks, but the
results have been quite varied. In almost alt cases the combination had a greater defrimental effect than that of either
drug alone, but in some cases the effects were fully additive, in other cases incompletely additive, and in a few
instances apparenily antagonistic. This is an important area for further research.

Cannabis has been shown in a variety of ways to function reliably as a reinforcing agent3 and the degree of
reinforcement is proportional to the THC content (Gardner & Lewinson, 1991).

} reinforcing agent - substance intake leads to repeated use of the same substance
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Relatively few studies have examined the effects of cannabis on a variety of social behaviours, including verbal and
aggressive behaviours. A somewhat inconsistent pattern of changes has been reported following cannabis use, and
the behavioural effects of cannabis can be influenced by the social context of use.

Finally, residual effects of cannabis administration and effects of cannabis and other licit and illicit drugs are poorly
defined and require more research. Cannabis is often used concurrently with other psychoactive substances. The
resultant effects on human behaviour have received less attention and yet the impact polysubstance use has on health
and safety may be substantial.

5.1.1 Dose-effect relationships

Some investigators have attempted to identify a range of THC concentrations in blood or other body fluids which
can be related to behavioural changes, as can be done for alcohol. For THC the relationship of effect to dose is
complicated by the wide individual variability observed in responses from subjects undergoing performance testing.
This variability can be due to factors related to dose, mode of administration, physiological and pharmacological
differences, complexity of performance tasks, situational demand during testing, and the prior drug experience of
the subject.

Once equilibrium between brain and blood concentrations is established (approximately 45 minutes after use), a
linear relationship between blood concentrations and pharmacological effects appears (Chiang & Bamett, 1934).
Recently developed mathematical models may clarify the relationship between THC and metabolite concentrations
in blood on one hand and drug-induced effects on the other, and provide estimates of time elapses since last cannabis
use (Huestis et al., 1992).

52 Effects on driving

Behaviours for which the acute effects of cannabis might be expected to be particularly important include the
operation of dangerous machinery and driving a motor vehicle. There is sufficient consistency and coherence in
the cvidence from experimental studies and studies of cannabinoid levels among accident victims (Smiley et al,,
1981; Stein et al., 1983; McBay, 1986; Soderstrom et al., 1988) to conclude that there is an increased risk of motor
vehicle accidents among persons who drive when intoxicated with cannabis. Impairment of various performance
measures related to driving skills has been demonstrated immediately following cannabis use and up to 24 hours
thereafter. Simpson (1986) has also shown that cannabis is present in the blood, indicating use within the Jast few
hours, in 7 to 10 per cent of samples of persons involved in traffic accidents. Williams et al. (1985)ina study of
young male fatalities in California, found a rate of 37 per cent samples positive for cannabis. This risk is magnified
when cannabis is combined with intoxicating doses of alcohol. Simpson (1986) also found that 80 per cent of the
time, when cannabis was present, alcohol was also present in the samples.

The relatively small number of experimental studies carried out since the previous WHO report have confirmed that
cannabis can impair various components of driving behaviour, such as braking time, starting time, and reaction to
red lights or other danger signals. However, persons under the influence of cannabis may perceive that they are
impaired, and where they can compensate, they may do so (Stein et al., 1983; Smiley et al, 1981). For example,
they may tend not to attempt to pass the vehicle ahead, to slow down, and focus their attention on the driving task
when they know a response will be required. However, such compensation is not possible when they are presented
with unexpected events, or where the task requires continuous attention, and hence the risk of accidents remains
higher following cannabis use. The effects on driving behaviour are still present for an hour after smoking, but do
not continue for extended periods at the doses used in these studies.

On the other hand, a study carried out on the carry over effects of cannabis on aircraft pilot performance showed that
canpabis use impaired flight performance at 0.25, 4, 8 and 24 hours after smoking. These results suggest that human
performance while using complex machinery can be impaired as long as 24 hours after smoking as hittle as 20 mg
of THC, and that the user may be unaware of the drug’s influence (Leirer et al., 1991).
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Available data are not yet sufficient to quantify the effects of cannabis use as an accident risk. There is uncertainty
about the role of cannabis in motor vehicle accidents in part because blood levels of cannabinoids not only indicates
recent use and do not indicate whether a driver or pedestrian was intoxicated with cannabis at the time of an accident
(Consensus Development Panel, 1985). In addition, more than 735 per cent of drivers with cannabinoids in their
bloed have also been found to be intoxicated with alcohol (Gieringer, 1988; McBay, 1986).

A number of these studies have compared the effects of various doses of alcohol and cannabis. In many respects
the effects of these substances are similar, but in others there appear to be differences (Smiley, 1986). For example,
both drugs impaired accuracy of lane control, and increased reaction time to subsidiary stimuli. However, they
produced different effects on patterns of visual search during simulated driving. The influence of personality
variables on these responses may require further study.

53 Long-term effects of cannabis on the central nervous system
5.3.1 Cognitive functions

A number of studies carried out in Costa Rica, Greece, Jamaica and other countries in the 1970s appeared to show
little or no effect of chronic cannabis use on cognitive function in groups of adult subjects. These studies assessed
cognitive functions by neuropsychological tests, many of which were originally developed for use in North America
and may have been inappropriate for use in other cultures. However, more recent studies (Fletcher et al., 1996)
making use of improved test procedures and electrophysiological methods, have shown that the long-term use of
cannabis leads to subtle and selective impairments of cognitive functioning. These include the organization and
integration of complex information involving various mechanisms of attention and memory processes, including
verbal learning, card sorting, auditory atiention, tone discrimination, and the filtering out of irrelevant information.
Prolonged use may lead to progressively greater impairment, which may not recover with cessation of use for at Jeast
24 hours (Pope & Yurgelum-Todd, 1995), or 6 weeks (Solowij et al., 1991, Solowij et al., 15%5), and which could
potentially affect functioning in daily life.

Not all individuals are equally effected. The basis for individual differences needs to be identified and examined.
There has also been insufficient research to address the impact of long term cannabis use on cognitive functioning
in adolescents and young adults, and on age and gender differences.

5.3.2 Brain function and peurotoxicity

The review of effects of long-term cannabis use on cognitive function, referred to above, has revealed the existence
of subtle signs of disturbances of brain function. However, these could be interpreted either as evidence of
persisting intoxication with cannabis (a ‘withdrawal effect’) or as indications of permanent structural or functional
damage to neurons. Evidence to date does not permit a clear conclusion with respect to these two possibilities.

The early claims of gross anatomical changes in the brains of chronic cannabis users have not been substantiated
by later studies with high resolution computerized tomography, in either humans or primates (Rimbaugh et al., 1980;
Hannerz & Hindmarsh, 1983). On the basis of histological and-electron microscopic examinations, however, other
animal studies have suggested that chronic cannabis use produces morphological changes in synapses as well as
hippocampal neuronal loss (Landfield et al.,, 1988; Eldridge et al.,, 1992}, although others failed to find any
abnormalities (Slikker et al., 1992). More subtle functional changes may possibly be detected by imaging techniques
such as positron emission tomography (PET), single photon emission computerized tomography (SPECT), and
magnetic resonance imaging {MRI) as these become more widely applied to the study of chronic cannabis users
(Volkowet al., 1991).
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There have been a few investigations of the long-term effects of cannabis on cerebral regional blood flow (CBF).
Tunving et al. (1986) demonstrated globally reduced resting levels of CBF in chronic heavy users of 10 years
compared 10 nonuser conirols, but no regional flow differences were observed. Levels of CBF returned to normal
values with abstinence. However, this study was flawed in that some subjects were given benzodiazepines, which
are known to lower CBF, prior to the first measurement. Mathew and colleagues (1986) in another study did not
find any differences in CBF levels between users and non-user controls.

Therefore one must still rely largely on the persistence of functional disturbances as a means of exploring possible
cell toxicity. ¥f such functional changes last long after the disappearance of cannabis from the body, they might be
interpreted as evidence of permanent damage. Several studies for example, have shown learning and memory deficits
months after the end of chronic cannabis administration to rats. Similarly other studies have shown receptor down-
regulation or neurotransmitter changes (Oviedo et al,, 1993). However, they did not include actual measurement
of residual cannabis levels in brain at the fime of testing.

In view of the possible impact of chronic cannabis use at critical stages of development, such as during adolescence,
the re-examination of these questions, with due consideration of the methodological issues, is clearly required.

5.4 Adolescent development

There has been a predictable sequence of initiation into the use of illicit drugs among adolescents throughout the
19705 and into the 1990s in which experimentation with cannabis preceded the use of hallucinogens,
benzodiazepines, amphetamines, various sedatives, cocaine, and heroin. Generally, the earlier the age of initiation
into cannabis use, and the greater the involvement with it, the greater the likelihood of progression to the use of other
illicit drugs (Kandel, 1984; Kandel, 1988).

However, the causal role of cannabis in this seguence of illicit drug use remains controversial (Kandel & Johnson,
1992). The hypothesis does not imply that a high proportion of those who experiment with cannabis will go on to
use heroin, for example. The overwhelming majority of cannabis users do not use other illicit psychoactive
substances. First, cannabis is largely a behaviour of adolescence and early adulthood {in countries where there is no
traditional use of the substance). Second, a more plausible explanation is that it reflects a combination of the
selective recruitment into cannabis use of non-conforming and deviant adolescents who have a propensity to use
illicit drugs, and the socialization of cannabis users within an itlicit drug using subculture which increases the
opportunity and encouragement to use other illicit drugs (Newcombe & Bentler, 1988; Osgood et al., 1988).

There has been some support for the hypothesis that adolescent use of cannabis impairs educational performance
in cross-sectional studies (e.g. Kandel, 1984). Cannabis use appears to increase the risk of high-school drop-out and
of job instability in young adulthood, but the apparent strength of these relationships may have been exaggerated
as there was no control over differences between groups before initiation of cannabis use (Newcombe & Bentler,
1988).

There is suggestive evidence that cannabis use has adverse effects upon family formation, mental health, and
involvement in drug-related crime (Kandel, 1984; Newcombe & Bentler, 1988). In the case of each of these
outcomes, the apparently strong associations revealed in cross-sectional data are much more modest in
longitudinal studies after statistically controlling for associations between cannabis use and other variables
which predict these adverse outcomes,

55 Psychiatric disorders due to cannabis use
The major psychiatric syndromes and behavioural disorders that have been putatively linked to cannabis use are: an

amotivational syndrome, a dependence syndrome, cannabis induced psychoses, and the initiation and exacerbation
of schizophrenia (Basu et al., 1994).
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5.5.1 Amotivational syndrome and cannabis psychoses

The state of the evidence on amotivational syndrome and cannabis induced psychoses has not substantively changed
since the 1981 WHO report. In both cases, the existence of the hypothesized disorders still depends upon
uncontrolled clinical observations. Although there is reasonable self-report evidence that heavy cannabis use can
impair motivation, an amotivational syndrome has not been clearly defined nor have its central features been clearly
distinguished from the effects of chrobic intoxication in chronic heavy cannabis users.

The existence of putative ‘cannabis psychoses' also largely depends upon clinical observations of individuals
developing acute organic and functional psychotic disorders following heavy cannabis use, with the disorders
remitting within days of abstinence from cannabis. There are also a limited number of case-control studies
comparing the clinical symptoms and course of psychotic disorders in individuals who do and do not have
cannabinoids in their urine. The occurrence of an acute organic disorder with a brief and self-limiting course bas
met with some agreement, even in more recent studies (Chaudry et al., 1991; Thomas, 1993). However, it remains
true that the phenomenology of ‘cannabis psychoses' has not been clearly defined nor have these putative disorders
been distinguished from schizophrenia and other psychotic problems that occur among carnabis users (Andreasson
et al., 1989; Mathers & Ghodse, 1992). The confirmation of such disorders needs more research evidence.

55.2 Cappabis dependence syndrome

* Clinical and epidemiological research has clarified the status of the cannabis dependence syndrome. A reduced
emphasis on the importance formerly attached to tolerance and withdrawal symptoms in diagnostic criteria for
dependence has removed a major reason for scepticism about the existence of a cannabis dependence syndrome.
Clinical and epidemiological research using standardised diagnostic criteria has produced good evidence for a
cannabis dependence syndrome that is characterized by impairment, or loss of control over use of the substance,
cognitive and motivational handicaps which interfere with occupational performance and are due to cannabis use,
and otber related problems such as lowered self-esteem and depression particularly in long-term heavy users
(Anthony & Helzer, 1991). As with other psychoactive substances, the risk of developing dependence is highest
among those with a history of daily cannabis use. It is estimated that about half of those who use cannabis daily
will become dependent (Anthony & Helzer, 1991). Cannabis dependence treatment programmes are not widespread
and the outcome of the treatment often relies on the substance user having a greater sense of economic security and
a lower inclination to drop out of the programme, with those staying in the programme having the preatest success
rates of quitting cannabis smoking (Stephens et 2l,, 1993; Roffman et al., 1993). The large discrepancy between
population prevalence estimates and the small numbers of cannabis users seeking treatment suggests that there is
a high rate of remission in the absence of treatment, while a lack of motivation to seek treatment and to stop use
cannot be ruled out.

Since tolerance and withdrawal symptoms are still widely regarded as diagnostic criteria of substance dependence,
it is worth noting that there is abundant experimental evidence of tolerance to many of the effects of cannabis. There

is not yet universal agreement about the production of a withdrawal syndrome.  Although a recent study has
demonstrated that long term administration of cannabinoid to rats alters the central nervous system in 2 manner
similar to that obsetrved with other drugs of abuse and also, induces neuroadaptive processes which correspond to
a cannabis withdrawal syndrome (de Fonseca et al., 1997). However, withdrawal signs have been described in
animals treated chronically with cannabinoids and then given one of the new receptor antagonists (Aceto et al., 1995;
Tsou et al., 1995).

5.53 Cannabis use and schizophrenia

Epidemiological research has produced clear evidence from case-control, cross-sectional and prospective studies of
an association befween cannabis use and schizophrenia. The prospective study of Andreasson et al. (1987), has
shown a dose-response relationship between the frequency with which cannabis had been used by age 18 and the
risks over the subsequent 15 years of being diagnosed as schizophrenic. The association is not in doubt but its



WHO/MSA/PSA/IT A
page 1%

significance remains controversial because it is unclear whether it reflects the precipitation of schizophrenia by
cannabis use or the increased use of cannabis and other drugs as a consequence of schizophrenia (Williams et al,
1996). In a more recent study (Allebeck et al., 1993), out of 229 people in Stockholm County with a diagnosis of
cannabis dependence and psychosis, 112 fulfilled DSM II-R criteria for schizophrenia. In most cases, regular
cannabis use preceded onset of psychosis by at least one year, which supports the argument that cannabis is a risk
factor for schizophrenia. Further supportive evidence has been provided by the WHO international prospective
study of schizophrenia (Jablensky et al., 1991).

5,5.4 Other disorders

A number of other psychiatric disorders have been linked with cannabis use. These include: an amnesic syndrome,
persistent depersonalisation, and flashbacks. There is no evidence to support the existence of an amnesic syndrome
comparable to the Wernicke-Korsakov syndrome that occurs in chronic heavy alcohol users. There is some evidence
(reviewed in the chapter on cognitive effects) that chronic heavy cannabis use may produce more subtle cognitive
impairments. The other two disorders are only supported by a small number of case histories and, in the case of
flashbacks, there is considerable uncertainty as to whether these effects were attributable to cannabis or other drug
use.

5.6 Priorities for future research

A better understanding of the effects of chronic cannabis use is required. This includes research which explores the
effects on cognitive functioning, especiaily during critical developmental phases such as adolescence. In addition,
the question of cannabis-produced brain damage can be answered only by ascertaining if there are morphological
changes in the brain that correlate with functional deficits which outlast the duration of cannabis in the brain; these
studies will require use of newer neuroscience techniques in experimental animals as well as in humans.

The major psychiatric research priorities are: better delineation of the clinical features of cannabis dependence,
including its responsiveness to interventions to assist users to stop; and intervention studies with schizopbrenic
individuals who use cannabis, to see whether cessation of such use improves outcomes.

6. Effects on the respiratory system

Worldwide, after tobacco, cannabis is probably the most commonly smoked substance. With the exception of
nicotine in tobacco and over 60 cannabinoids in cannabis, the smoke from these two compounds share many of the
same respiratory irritants and carcinogens. In fact, the tar phase of the smoke of marijuana bas about 50 per cent
more of some of the carcinogens than a comparable quantity of unfiltered tobacco (Leutchtenberger, 1983; Institute
of Medicine, 1982),

6.1 Histopafhology

Early animal studies indicated that a prolonged high dose exposure to cannabis smoke could result in parenchymal
lung injury (Fleischman et al., 1979; Rosenkrantz & Fleischman, 1979). The findings of later experimental studies
suggest that high dose cannabis exposure is associated with the development of chronic obstructive bronchitis, and
carries the risk of invasive malignancy such as that produced by tobacco smoke. In a longitudinal study done on
the respiratory effects of cannabis, a total of 1802 subjects who smoked cannabis were followed for six years. The
study found an increased risk for ‘chronic cough’ (RR of 1.73) and of ‘wheezing' (RR of 2.01), after adjusting for
age, tobacco smoking and occurrence of the symptom in a preceding survey. There was also a significant reduction
in pulmonary function, with exposute as low as the consumption of less than one cannabis cigarette per day for one
year or more {Sherrill et al, 1991). The histopathological changes occurred mainly in the distal airways and
included acute and chronic inflammation, fibrosis, and alveolar cell hyperplasia (Rosenkrantz & Fleishman, 1979).
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Later prospective investigations undertaken on primates found changes such as bronchiolar squamous metaplasia,
and peribronchiolar/interstitial fibrosis. The severity of these small airway changes was related to the dose and
duration of cannabis exposure with higher doses and Jonger exposure to smoke leading to greater changes, while
atypical cell hyperplasia with focal atypia were also found (Tashkin et al.,, 1987).

In human studies, it has been shown that the principal respiratory damage caused by long term cannabis smoking
is an epithelial injury of the trachea and major bronchi. In a study undertaken in Germany, it was found that the
number of T-cell lymphocyte counts were lower in chronic cannabis smokers, thereby increasing their chances of
developing squamous celi carcinoma of the oral cavity and pharynx (Wengen, 1993). The difference between the
findings in animal and human studies is probably due to the fact that observations in humans arc limited to those
which can be made by bronchoscopy. Humen bronchoscopic studies undertaken on young adults who had no
respiratory symptoms found evidence of histological changes in the upper airways among heavy cannabis smokers.
These changes included basal cell hyperplasia, stratification, goblet cell metaplasia, and basement membrane
thickening (Roby et al., 1991; Tashkin et al.,, 1987). The few studies that have been undertaken generally show that
there is no additive effect between cannabis and tobaceo (Gil et al,, 1995; Sherill etal,, 1991; Tashkin et al., 1987),
although one study, the Tucson study, did show an additive effect (Bloom et al,, 1987). However, in a follow-up
survey the same additive effect was not found (Sherman et al., 1991). Whether or not there is an additive effect
between tobacco and cannabis smoking remains uncertain, and mote research needs to be done to further explore
this issue. The histological abnormalities resulting from cannabis consumption were more severe per cigarette
smoked than for tobacco (Wu et al,, 1988).

Autopsies undertaken on cannabis smokers who had no respiratory symptomatology at the time of death also found
changes in the form of focal infiltration by pigmented macrophages around bronchioles and within alveolar spaces,
and focal fibrosis within alveolar walls. In this study, the relative contribution of tobacco to these changes could
not be ascertained with certainty except in one case though the person did not smoke tobacco (Fligiel et al., 1991).

6.2 Immune defence

The alveolar macrophage, the key cell in the lung's defence against infection, has been shown to be impaired by
cannabis smoke in both animal and human studies. While animal studies failed to demonstrate a change in
macrophage numbers following cannabis smoke exposure, subsequent investigations in humans, comparing non-
smokers to cannabis and tobacco smokets, suggested an increase in the number of macrophages in habitual cannabis
smokers (Wallace et al,, 1994; Barbers et al,, 1987; Barbers et al,, 1991). This probably reflects an immunological
response to any lung injury induced by cannabis smoke. The effect is independent of tobacco consumption (Wallace
ctal., 1994),

Macrophage cells harvested in these human studies have alterations to their morphology, possibly reflecting an
impairment in cell function. Residual particles from cannabis smoke in the form of intra cytoplasmic inclusions
have been found to be cycled between subsequent generations of macrophages as part of the process of cellular
turnover (Davis et al., 1979). While there is a suggestion in human studies that cannabis smoking did not alter
phagocytosis or respiratory burst, it possibly did impair destruction of ingested organisms (Lopez-Cepero et al.,
1986). The mechanism of macrophage impairment has not been fully elucidated and requires further investigation.
These studies suggest that regular cannabis consumption reduces the respiratory immune response to invading
organisms. Further, serious invasive fungal infections as a result of cannabis contamination have been reported
among individuals who are immunocompromised, including a series of patients who were affected by AIDS
(Denning et al., 1991).

These findings suggest that persistent cannabis consumption over prolonged periods can cause airway injury, Jung
inflammation, and impaired pulmonary defence against infection. Epidemiological studies that have adjusted for
sex, age, race, education, and alcohol consumption supgest that daily cannabis smokers have a slightly elevated
risk of respiratory illness compared to nonsmokers.
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6.3 Lung physiology

Several studies on humans have demonstrated an acute bronchodilator effect of both smoked cannabis and oral THC.

" These findings have been replicated in both healthy and asthmatic populations (Boulougouris et al., 1976).
However, the potential therapeutic use of cannabis and synthetic cannabinoids as bronchodilators has been largely
discounted.

Two recent studies in relatively young populations compared respiratory symptoms and hung function in nonsmokers
and long-term smokers of both cannabis and tobacco (Bloom et al., 1987; Tashkin et al., 1988). In both studies,
heavy habitual cannabis consumption, with or without tobacco, was associated with a higher prevalence of symptoms
of chronic bronchitis and a higher incidence of acute bronchitis than in the nonsmoking group.

However, the studies disagreed about effects on peripheral airway resistance. One longitudinal study indicated that
cannabis consumption was associated with increased large airway resistance but not with the development of chronic
obstructive bronco-pulmonary disease or emphysema (Gil et al., 1995; Tashkin et al., 1988). The other study found
a significant deleterious effect on the ventilatory function of small airways and alveoli among habitual cannabis
smokers, The effect was at least as great as the effect of tobaceo consumption (Bloom et al,,1987). Recent studies
have also failed to agree on whether any impairment in pulmonary function is additive to the effects of tobacco
consumption. Both the site of impairment and potential interaction between cannabis and tobacco require further
investigation.

While the pulmonary absorption of carbon monoxide from cannabis smoke is relatively high compared to that from
tobacco smoke, the impact of this on heavy habitual consumers is modest. This probably reflects the short half-life
for clearance of carbon monoxide, and the relatively longer intervals between occasions of cannabis use. However,
the carboxyhaemoglobin levels in cannabis smokers are higher than in nonsmokers; this may result in a slight
interference with tissue oxygenation (Tashkin et al., 1988).

Ventilatory responses to rebreathing carbon dioxide have been shown by different studies to decrease (Bellville et
al., 1975), increase (Zwillich et al., 1978), or remain unchanged (Vachon et al., 1973) immediately after smoking
cannabis. A recent, more detailed study of control of breathing responses to smoking cannabis of varying potency
has failed to reveal any acute effect of cannabis on central or penpheral ventilatory drive or on metabolic rate in
habitunal cannabis smokers (Wu et al., 1992).

6.4 Carcmugenems

Cases of cancers of the aerodigestive tract have been reported in young adults with a history of cannabis use (Taylor,
1988; Fergusson et al,, 1989; Donald, 1991). Attribution of cansality has been hindered because many of the cases
also used alcohol and tobacco (Polen et al., 1993). However, these cases are of particular concern because such
cancers are rare in adults under the age of 60, even among those who smoke tobacco and drink alcohol. Case-control
and experimental studies of such cancers should be a high priority for research on the possible adverse health effects
of chronic cannabis use.

7. Effects on endocrine and reproductive systems

Studies of the effects of cannabis on male and female reproductive systems have examined: the pituitary hormones
luteinizing horrmone (LH) and follicle-stimulating hormone (FSH) which are responsible for the synthesis of the sex
hormones (estrogen and tesfosterone) and the normal functioning of the sex organs; the pituitary hormone prolactin
which alters LH and FSH levels; the levels of estrogen and testosterone; and the physiological status of the sex
organs.
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7.1 Male reproductive hormones

Although there is general agreement that THC treatment Jowers plasma levels of LH and testosterone in male
laboratory animals (Symons et al., 1976; Chakravarty et al., 1982; Puder et al., 1985; Fernandez-Ruiz et al,, 1992),
the effects in the human male are not ag clear, Early studies reported that cannabis exposure produced either a

buman males (Cushman, 1975; Mendelson et al, 1978). However, the findings that chronic cannabis exposure doeg
affect human reproductive function (Kolodny et al., 1974; Hembree et al., 1979; Issidorides, 1979) snggests that
cannabinoids do alter the reproductive hormones that control testicular function and have some effect on testicular
parameters,

Subsequent studies have largely confirmed that plasma LH levels were unchanged after smoking one to two cannabis
cigarettes containing 2.8 per cent THC (Cone et al., 1986). Daily exposure to either oral THC or cannabis smoking
had no effect on plasma levels of either LH or testosterone in men who were prior cannabis users. Similarly,
circulating levels of LH, F SH, prolactin and testosterone were not found to be clinically different between cannabis
users and non-users (Markinanos & Stefanis, 1982; Dax et al., 1989; Block et al., 1991).

The conflicting results in these human studies could reflect differences in experimental procedures and the possible

effect of previous cannabis exposure (i.e. tolerance) and other drugs in test subjects, effects which can be carefully
controlled in animal studies.

7.2 Female reproductive hormones

4-9-THC alters pituitary secretion of LH, FS8H, and prolactin when adminjstered either acutely or repeatedly to both
intact and ovariectomized experimental animals (Steger et al., 1980, 1981). In addition to suppressing normal

intact and ovariectomized female ratg (Hoghes et al,, 1981). In addition, prolactin surge occurring under a variety
of situations is blocked by THC administration (Steger et al., 1983). THC treatment also disrupts the normal
thythm of mensirual cycles in monkeys (Asch et al,, 1981).

Cannabis smokers have shorter menstrual cycles due to an inadequate Iutea] phase. When the acute effects of

and prolactin when compared to non users (Block et al., 1991). It appears that the hormonal response to cannabis
exposure depends on the stage of the menstrual cycle.

7.3 Target organs
In addition to the aforementioned hormonal alterations, animal studies show that cannabinoid exposure reduces
testicular, seminal vesicle and prostate weights, decreases ovarian weight and increases pituitary and adrenal weights.

These cannabinoid effects have been attributed to actions at both peripheral and brain sites.

7.4 Other hormones
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There is considerable evidence that cannabinoid exposure can affect the hypothalamic-pituitary-adrenal axis. Early
animal studies have demonstrated that THC is a potent stimulator of adrenocorticotropin (ACTH) release in male
rats. Acute THC administration also elevates plasma corticosterone levels in male and female rats. Anandamide,
the endogenous ligand for the cannabinoid receptor, produces some effects similar to those of THC.

Landfield et al. (1988) observed that THC administration induced aging-like degenerative changes in rat brain tissue
similar to those resulting from clevated corticosterone. These investigators have also demonstrated that THC
administration alters the corticosterone receptor in brain. It seems possible that the corticoid and anandamide
systems could be mutually regulatory. Additional evidence will be needed if such a relationship is to be established.
However, it should be noted that men who were heavy cannabis users did not exhibit alterations in cortisol level
(Block et al., 1991) or impaired adrenocortical reactivity to ACTH.

In early studies, it was shown that THC inhibited growth hormone secretion in male rats. However, other studies
have demonstrated either no change or an increase in growth hormone in male rats treated with THC. More recently
it has been shown that infusion of THC directly into brains of adult male rats suppresses growth hormone secretion.
Although differences in animal models, and route and doses of THC administration may explain these variable
growth hormone responses to THC, more studies are warranted to determine conclusively the effects of cannabis
exposure on growth hormone in both males and females.

Few other endocrine systems have been studied. Circulating thyroxine levels have been shown to be reduced
following acute or chronic THC administration in male rats and rhesus monkeys. THC treatment may also affect the
release of the posterior pituitary hormone oxytocin (Tyrey & Murphy, 1988).

15 Implications for hormonal alterations

Early experimental stmdies reported decreased sexual activity, including copulatory behaviour, in male rats exposed
to THC. To date, controlled studies investigating the effects of cannabis exposure on copulatory behaviour of the
adult female have not been reported.

There is very little literature concerning the effects of cannabis on fertility per se. The findings that cannabinoids
interfere with normal hypothalamic-pituitary-gonadal function (Murphy et al., 1990) and can disrupt ovulation and
sperm producticn suggest that fertility could be affected. However, there is no epidemiological evidence on the issue.

Cannabis-induced reductions in testosterone and spermatogenesis observed in some studies are probably of little
consequence in adults, This action of cannabis might be of importance in the prepubertal male or in individuals
whose fertility is already impaired for other reasons; however, at present this is purely conjecture.

7.6 Future directions

Although there is no compelling evidence for an alteration in fertility by cannabinoids, further research is needed

considering the comparatively high prevalence of cannabis use during the early reproductive years. Future research
should examine interactions between the endogenous cannabinoids and ghicocorticoids.

8.  Effects on intrauterine and postnatal development
8.1 Background
Knowledge of how much active substance is delivered to biological tissues is basic to an understanding of the

pharmacology and toxicity of a compound. Nearly all of the developmental studies on animals have investigated only
pure THC and have allowed the measurement of amounts of drug actually delivered to the placenta and foetus. In



WHO/MSA/PSA/97 4
sage 24

contrast, buman reproductive studies have typically investigated the effects of smoked cannabis of uncertain THC
content resulting in unknown concentrations of active drug in the fetal-placental unit. These issues complicate the
interpretation of research on the effects of cannabis use on pre- and postnatal development.

8.2 Animal studies

Abel (1985) has pointed out the serious metbodological and interpretational flaws that characterized the early
literature of animal studies on the developmental toxicity of THC. Adverse effects observed in offspring may not
have been produced by direct drug effects on the embryo and foetus but may have been secondary to poor matemal
nutrition and dehydration, THC can also disrupt normal matemnal care at parturition and, through hormonal effects,
inhibit milk production and release, all having possible adverse consequences for the development of the offspring
(Hutchings, 1985).

In studies using appropriate controls for maternal nutrition and fostering, several dose-related effects have been
found in rat offspring following administration of THC to the pregnant dam. At birth, a dose-related increase in the
male: female ratio of live offspring was consistently found, suggesting that female foetuses have a greater
susceptibility to THC lethality (Hutchings et al., 1987; Morgan et al,, 1988). During the postnatal period, a dose-
related inhibition of both somatic growth and brain protein synthesis was found. These effects were transitory,
however, and the THC-exposed animals caught up to the controls by the time of weaning (Hutchings et al., 1987).
Hutchings found no evidence of neurobehavioural deficits in the offspring, independent of maternal toxicity; these
findings are consistent with those of other well-controlled animal studies (Abel, 1985).

83 Human studies
8.3.1 Epidemiological studies

Epidemiological studies of the prevalence of drug use in pregnant women are often complicated by sampling
procedures of uncertain validity. Human studies should be based on representative samples of the whole population
of pregnant females. In many studies, however, the samples are selectively biased toward drug users. There is also
uncertain comparability of self-reports of drug use gathered before birth (i.e. prospectively) with those obtained after
birth (i.e. retrospectively). Exact doses and patterns of use are usually difficult to quantify. The effects of other
drug use and socioeconomic factors are often difficult to assess by case control methods. No objective markers of
cannabis use are yet available, although some new methodologies are being developed to identify and quantify in
utero cannabis exposure, i.e, hair analysis, meconium analysis.

Despite these problems there is reasonable evidence that canpabis use during pregnancy impairs fetal development,
leading to a reduction in birth weight, perhaps as a consequence of shorter gestation, and probably by the same
mechanism as cigarette smoking, namely, fetal hypoxia. In a case study done on the effects of prenatal cannabis use
on offspring growth from birth through to three years of age, prenatal cannabis exposure was associated only with
decreased length at birth, Neither tobacco nor capnabis use predicted gestational age or morphological abnormalities
(Day et al., 1952). Young maternal age also seemed to increase the negative effects from prenatal fobacco and
cannabis exposure (Comelius et al, 1995). Prenatal exposute to cannabis was also associated with disturbed
nocturnal sleep patterns at three years of age, with more arousais and lower sleep efficiency (Dahl et al,, 1995).

There were no effects present of prenatal canmabis exposure on growth when the children reached age six (Day et
al., 1994a). There is uncertainty about whether cannabis use during pregnancy produces any increase in the risk of

birth defects by direct toxicity in ufero. The limited number of human studies have not consistently shown any
increased rate of birth defects. '

There is little evidence that cannabis use can produce chromosomal or genetic abnormalities in either parent which
could be transmitted to their offspring. Such animal and in vitro evidence as exists suggests that the mutagenic
capacities of cannabis smoke are greater than those of THC, and are probably of greater relevance to the risk of users
developing cancer than to the transmission of genetic defects to the offspring. There are a few case-control studies
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which suggest that there is an increased risk of several rare cancers (childhood non-lymphoblastic leukaemia,
rhabdomyosarcoma, and astrocytoma) among children bom to women who used cannabis prior to conception or
during pregnancy (Neglia et al., 1991; Robinson et al., 1989, Kuijten et al., 1990). Further exploration of these
claims is warranted as reporting bias may have been an alternative explanation to the findings.

8.3.2 Neurobehavioural studies

The results of a large-scale prospective study, the Ottawa Prenatal Prospective Study of maternal cannabis use
(Fried, 1980; Fried, 1995), suggest that any long-term consequences of prenatal exposure to the child are very
subtle. In the newbomn and neonate, there appears to be an association between nervous system function and prenatal
exposwre. Between 6 months and 3 years of age, no neurobehavioural consequences of maternal cannabis use were
found (Frief & Watkinson, 1988; and 1990). However, at 4 years, offspring of regular cannabis users showed
reduced verbal ability and memory. Similar deficits were seen in school-aged children as well (Day et al., 1994a;
Fried, 1995), and were accompanied by decreased attention and by increased impulsiveness in the children of those
mothers who had been the heaviest users of cannabis during pregnancy. These results suggest that in ufero exposure
to cannabis can affect to some degree the mental development of the growing child (Day et al., 1994b). Given the
important implications of such a relationship, future research should address this possibility.

Finally, knowledge on fetal metabolism of cannabis and its components is limited, although this would be important
to determine the effects of in utero drug exposure. New methodologies are being developed to identify and quantify
in utero drug exposures, i.e. hair analysis, meconium analysis. More appropriate and objective markers of in ufero
cannabis exposure have not yet been developed and the existent drug anolytes (tetrahydrocannabinol and/or 11-nor-
a-9-tetrahydrocannabinol) are not adequate to monitor. ’

9. Effects on cell nuclei

Most information on interactions of cannabis with cell nuclei deals with four types of effects; (1) those on
macromolecular synthesis, (2) chromosomal aberrations, (3) mutagenicity, and (4) carcinogenicity. In assessing
this evidence it is important to bear in mind that the effects of pure cannabinoids, such as THC, will almost certainly
be different from those of complex mixtures of large numbers of known and unknown compounds that make up
cannabis smoke. Differences in the material examined may account for some of the contradictory findings in the
literature.

Cannabinoids can interfere with the normal cell cycle (Zimmerman & McClean, 1973) and can also decrease
synthesis of DNA, RNA and protein (Blevins & Regan, 1976). More recently, Tahir & Zimmerman (1992) have
shown that THC can disrupt the formation of microtubules and microfilaments in rat cells in culture and hence may
interfere with such diverse cellular processes as ceil division, cell migration and neuron differentiation. Another
recent study (Mailleux et al., 1994) showed a significant increase was produced in expression of the gene coding for
the growth factor pleiotropin and could be detected in the adult rat forebrain following a single intra peritoneal
injection of THC (5 mg/kg), a finding which needs further investigation.

Regarding the possibility of cannabinoids to induce chromosome aberrations, including chromosomal breaks,
deletions, and other errors in chromosoinal separation, the literature is still inconclusive and has shown contradictory
resnlts (Zimmerman & Zimmerman, 1990-91; Chiesara et al., 1983; Piatti et al., 1989; Behoke & Eyler, 1993).
There is general consensus that both cannabis use (as judged by findings in users or animals exposed to marijuana
smoke) and exposure to certain constituents of cannabis preparations (or in some cases cannabis smoke condensates)
may indeed have mutagenic effects in the Ames assay for mutagenicity (Busch et al., 1979; Wehner et al., 1980;
Sparacino et al,, 1990). On the other hand, pure THC as such has been found to have no mutagenic effects
(Zimmerman et al., 1978; Generoso et al., 1985; Berryman et al., 1992).
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The demonstrated mutagenicity of cannabis smoke would predict some risk of carcinogenicity. Most of the new
evidence, however, consists of case reports of upper respiratory or oropharyngeal cancers in cannabis smokers
(Wengen, 1993) and no full-scale epidemiological studies have been conducted.

Future research in this area should focus on the following areas: systematic comparisons of cannabis smoke
condensates, smoke fractions and pure cannabinoids in the same experimental systems for studying production of
chromosome aberrations, especially in cultured human cells; systematic comparisons of the mutagenicity of cannabis
and tobacco smoke; additional studies on the carcinogenicity of cannabis preparations in a variety of animal models;
and epidemiological studies of the risks of cancer related to cannabis smoke as compared to tobacco smoke.

10. Effects on immune system

Many research studies on cannabis and immune system fiunctions in whole animals and tissue culture systems have
been published in the past 10 years (e.g. Hollister, 1988; Fricdman et al., 1994). Cannabinoids, especially THC,
have been found to modify the function of a variety of immune cells, increasing some responses and decreasing
others. This variation in drug effects depends upon experimental factors such as drug concentration, timing of drug
delivery, and the type of cell function analysed. The range of cell types and functions studied is very broad,
including such diverse phenomena as morphology, biochemistry and phagocytic activities of macrophages from
humans and other species, both ir vitro and in vive; production and release of cytokines, prostaglandins, and other
mediators of immune responses; B and T lymphocyte responses in vivo and in vitro; antibody formation; and
resistance to infectjons, in both experimental models and human disease, especially in AIDS patients.

The results of all of these investigations indicate that cannabinoids are immunomodulators, i.e. capable of perturbing
immune system homeostasis when administered to the living subject or when added to cell cultures. However, it
is also clear that the immune system is relatively resistant to these drugs. Many of their effects appear to be
relatively small, totally reversible after removal of the cannabinoids, and produced only at concenirations or doses
higher than those required for psychoactivity (more than 101.M in vifro, or more than Smg/kg in vive). Moreover,
immunomodulatory effects can be produced by some cannabinoids which do not induce psychoactive effects. These
findings suggest that cannabinoid effects on immune cells may not be exclusively mediated by the recently described
cannabinoid receptors, even though such receptors have been demonstrated in these cells, However, the existence
of a cannabinoid receptor on macrophages, that differs significantly from the cannabinoid receptor in the brain,
suggests that the possible role of receptor-mediated actions in immunomodulation by cannabinoids requires further
study. '

Unfortunately, the health impact of any immune cffects of cannabis smoking is still unclear. Many studies have
clearly established that THC can act as an immunomodulator. However, relatively few of them have employed
animal paradigms or human subjects in studies designed to test the effects of cannabis exposure on host resistance
to microbes, viruses and tumours. Several animal studies have demonstrated impairment of resistance to bacterial
or viral infections in mice exposed to cannabis smoke or THC, but the results have not been entirely consistent.
Moreover, most studies have used cannabinoid doses that are difficult to relate to levels self-administered by humans.
It is clear that well designed studies of this topic are needed, and that they will require the cooperation of
immunologists, infectious disease specialists, oncologists and pharmacologists in their design, execution and
interpretation.

11.  Effects on other organ systems

11.1 Cardiovascular effects of cannabis
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The most consistent and reproducible of the human effects of cannabis is dose dependent tachycardia, i.e. an increase
in heart rate that correlates with the subjective ratings of ‘high’. Both sympathetic and parasympathetic mechanisms
seem to be involved in this cannabis-induced tachycardia.

Increases in heart rate lead to increases in cardiac output but the extent of the effect on blood pressure depends on
peripheral resistance. The cannabis-induced increase in heart rate may increase cardiac output as much as 30 per
cent, yet increases in supine blood pressure are usually less than 10 per cent. Postural hypotension can be
exaggerated. Cannabis has been shown to increase blood flow in the limbs.

Acute cardiovascular effects of cannabis are less likely in adolescents and young adults, among whom prevalence
of use is highest; however, a few reports of myocardial infarction in young cannabis smokers deserve closer
examination (Choi & Pearl, 1989; Podczeck et al., 1990).

The possibility remains that chronic heavy cannabis smoking may have more subtle effects on the cardiovascular
systemn, analogous to the long-term cardiotoxic effects of tobacco smoking, because the cardiovascular effects of
THC and nicotine are similar. Moreover, since many cannabis smokers are also cigarette smokers, there is the
possibility that there may be adverse interactions between nicotine and cannabinoids in their effects on the
cardiovascular system. This requires further research.

The cardiovascular effects of cannabis may be hazardous for patients with hypertension, cerebrovascular disease and
coronary atherosclerogis for whom marijuana poses a threat by increasing the work of the heart. The severity and
prevalence of this threat remain to be determined as the cohort of chronic cannabis users of the late 1960s and early
1970s enters the age of maximum risk for various cardicvascunlar complications.

11.2  Effects of cannabinoids on the liver and gastrointestinal tract

There appears to be little or no human or animal evidence that acute or chronic use of cannabinoids affects liver
function. There is reasonable animal evidence that cannabinoids decrease intestinal motility and delay gastric
emptying. There is no evidence of significant symptoms of constipation as a consequence, and, as typically used,
cannabis has minimal effects on the absorption of alcohol.

The most interesting aspects of the gastrointestinal effects of cannabis are theoretical and therapeutic. The sites of
action of the aniinauseant and antiemetic effects, and also of the stimulant effects of the cannabinoids on food
intake, remain to be identified. As with studies of the opioids, the isolated intestine preparation may serve as &
useful model for the study of cannabinoid receptors, and may provide the opportunity to differentiate between central
and peripheral receptors. '

12. Therapeutic uses

12.1 Background

The broad range of potential therapeutic applications of cannabinoids reflects the wide distribution of cannabinoid
receptors throughout the brain and other parts of the body. The possibility of distinct subtypes of cannabinoid
receptors and the probable development of new compounds to bind selectively to these receptors, as either agonists
or blockers, may well open the door to the selective treatment of a number of disorders. In time, some of these
compounds may be targeted specifically to one function or another of the endogenous cannabinoid system.

Despite the positive appraisal of the therapeutic potential of cannabinoids as an antiemetic and antiglaucoma agent,
they have not been widely used and the clinical research undertaken is limited. Other therapeutic uses for
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cannabinoids warrant further basic pharmacological and experimental investigation and clinical research into their
effectiveness.

12.2  Utility as an anti-emetic agent in cancer chemotherapy

The moderate efficacy and safety of THC in the control of nausea induced by cancer chemotherapy was established
in experiments in the late 1970s and early 1980s. Since then, dronabinol (International Nonproprietary Name (INN)
for THC), has proved its clinical utility in a few countries as an adjunct therapy for that indication (Grunberg &
Hesketh, 1993). Some of the early problems with unwanted side effects of oral dosages of THC have been remedied
through the availability of dronabinol capsules with half the dosage of the carlier formulation.

12.3  Stimulation of food intake in AIDS wasting syndrome

In the USA, approximately 16 per cent (about 14 000 people) of the total AIDS population suffer from the
progressive anorexia and weight loss known as AIDS wasting syndrome. Dronabinol has been approved by the Us
Food and Drug Administration as a food intake stimulant for AIDS patients suffering from wasting syndrome, based
on 2 well-controlled double-blind, randomized clinical study with AIDS patients (Plasse et al., 1991). Another
controlled, double-blind, randomized trial is currently being conducted to compare the efficacy of dronabinol and
megestrol acetate, a synthetic hormone, in treating the wasting syndrome.

12.4  Other areas of therapeutic potential

While THC has long been known to reduce the increased intra ocular pressure of glaucoma, it has not been fully
studied therapeutically for this indication. This has been because of cencern over the long-term
ocular and systernic effects of THC use, especially in older individuals who are the most frequent
victims of glancoma.

Early studies had shown that cannabinoids were 1o more effective than other drugs used as analgesics and that relief
of pain was achieved only at doses that induced severe side effects in animals. Some newly synthesized cannabinoids
are extremely potent analgesics; however, separation of the analgesic and side effects in humans remains to be
demonstrated. Further experiments with these compounds may illuminate not only their mechanisms of action, but
also the body’s multiple mechanisms of pain reception and blockade.

Animal studies have suggested other possible therapeutic applications of THC or other cannabinoids in various
disorders. In studies with human subjects, however, cannabinoids have not yet been proven useful in the treatment
of convulsant or movement disorders or in treating multiple sclerosis or asthma. There are also reports of an
antidepressant effect, and some patients may indeed use cannabis to ‘self-treat’ depressive symptoms (Gruber et al.,
1997), but these need to be better evaluated.

12.5  Therapeutic potential for cannabis

The therapeutic uses of THC described above have led to discussions about the therapeutic potential of cannabis
itself, although little research exists in this area and satisfactory clinical studies have not been conducted. In order
to explore possible therapeutic uses of cannabis, several scientific issues need to be considered, including the
standardization of cannabis preparations required for some types of clinical and pre-clinical studies, the difficulties
inherent in the study of smoking as the mode of administration of a substance, the need for a comparable placebe
‘cigarette’ which would not be easily identified by experimental subjects and patients in controlled trials, the large
nurnber of patients which would be needed to study the comparative efficacy of smoking cannabis compared with
other cannabinoids and other therapeutic agents, and thé possibility of using alternative delivery systems which could
avoid cannabis smoking and the other components of such a smokable form. In addition, the broader implications
of such research on cannabis control policies would need to be carefully considered.
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13. Comparing cannabis with other drugs

The group of experts who prepared the review of the current knowledge about cannabis in 1995 included a section
in the draft report which attempted to compare what is known about the health effects of cannabis to the health
hazards of a variety of licit and illicit drugs with psychoactive effects such as alcohol, tobacco and opiates.

However, the reliability and public health significance of such comparisons are doubtful. Users of one drug are more
likely to be users of one or more other drugs, and the risks of combined use are not necessarily identical to, or the
sum of, the risks associated with the use of the individual drugs. Moreover, the hazards linked to the use of any drug
are strongly inflnenced by snch factors as the social and cultural context of drug use in the community, the politica}
and econornic context, availability of various psychoactive substances, preparation and dose, route of administration,
fiequency of use, and associated life style. The quantitative risks of cannabis use are largely unknown in the absence
of reliable epidemiological studies, and therefore such comparisons tend to be more speculative than scientific,

In addition, since the proportion of the population that uses cannabis regularly over a period of years is currently
much smaller than the proportions that use alcohol or tobacco in a comparable way, the magnitude of the public
health hazard based purely on such exposure considerations is likely to be lower than that posed by aleohol or
tobacco. However, it must be emphasized that most users of cannabis also use other drugs. There is no a priori
reason to reject the likelihood that the risks of multiple drug use are additive. From a public health perspective,
therefore, it may be more useful to assess the total risk resulting from all drug use, including that of cannabis.

Additionally, the public health significance of cannabis use in developing societies is even less well understood, given

the lack of research, as indeed are the hazards of alcohol and tobacco. Comparisons of the health effects of
psychoactive substance use in these populations are likely to be of limited validity.

14. Summary
Acute health effects of cannabis use

The acute effects of cannabis use have been recognized for many years, and recent studies have confirmed and
_extended earlier findings. These may be summarized as follows:

- cannabis impairs cognitive development {capabilities of learning), including associative processes; free recall
of previously learned items is ofien impaired when cannabis is used both during leaming and recall periods;

- cannabis impairs psychomotor performance in a wide variety of tasks, such as motor coordination, divided
attention, and operative tasks of many types; human performance on complex machinery can be impaired
for as long as 24 hours afier smoking as litile as 20mg of THC in cannabis; there is an increased nisk of
motor vehicle accidents among persons who drive when intoxicated by cannabis

Chronic health effects of cannabis use

The chronic use of cannabis produces additional health hazards including:

- selective impairments of cognitive functioning which include the organization and integration of complex
information involving various mechanisms of attention and memory processes;

- prolonged use may lead to greater impairment, which may not recover with cessation of use, and which could
affect daily life functions;
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- development of a cannabis dependence syndrome characterized by a loss of control over cannabis use is
likely in chronic users;

- cannabis use can exacerbate schizophrenia in affected individuals;
- epithelial injury of the trachea and major bronchi is caused by long-term cannabis smoking;

- airway injury, lung inflammation, and impaired pulmonary defence against infection from persistent
cannabis consumption over prolonged periods; '

- heavy cannabis-consumption is associated with a higher prevalence of symptoms of chronic bronchitis and
a higher incidence of acute bronchitis than in the non-smoking cohort;

- cannabis use during pregnancy is associated with impairment in fetal development leading to a reduction
in birth weight.

- cannabis use during pregnancy may lead to postnatal risk of rare forms of cancer although more research
is needed in this area.

The health consequences of cannabis use in developing countries are largely unknown because of limited and non-
systematic research, but there is no reason a priori to expect that biological eifects on individuals in these
populations would be substantially different to what has been observed in developed countries. However, other
consequences might be different given the cultural and social differences between countries.

Therapeutic uses of cannabinoids

Several studies have demonstrated the therapeutic effects of cannabinoids for nausea and vomiting in the advanced
stages of illnesses such as cancer and AIDS. Dronabinol (tetrahydrocannabinol) has been available by prescription
for more than a decade in the USA.  Other therapeutic uses of cannabinoids are being demonstrated by controlled
studies, including treatment of asthma and glaucoma, as an antidepressant, appetite stimulant, anticonvulsant and
antispasmodic, research in this area should continue, For example, more basic research on the central and peripheral
mechanisms of the effects of cannabinoids on gastrointestinal function may improve the ability to alleviate nansea
and emesis. More research is needed on the basic neuropharmacology of THC and other cannabinoids so that betier
therapeutic agents can be found.

15. Recommendations for future research

Information on the effects of cannabis on physical and psychological functioning has increased greatly as has
knowledge of the extent and patterns of use. However there is still a need for further research in several important
areas including clinical and epidemiological research on human health effects, chemistry and pharmacology, and
research into the therapeutic uses of cannabinoids. Moreover, there are important gaps in knowledge about the
health consequences of cannabis use. The most pressing issues for further research are summarized below.

15.1 Clinical and epidemiological research

There is a need for more data on the patterns of cannabis use and resulting problems particularly in developing
countries. Such research would benefit from greater use of simplified and comparable methods of gathering data
in these countries, so that information collected in different countries can be compared. Few countries have cohort
studies of cannabis use patterns which are important in order to assess the natural history of cannabis use and the
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reasons for starting and stopping cannabisuse at all levels of consumption. There is also a need for case-control
studies comparing those experiencing cannabis problems, with people who have, and do not have, alcohol and other
psychoactive substance use problems.

There is a need for controlied studies investigating the relationships between cannabis use, schizophrenia and other
serious mental disorders. In particular, there is a need for intervention studies of schizophrenic persons to sce
whether stopping cannabis use improves their outcomes in treatment.

Insufficient research has been undertaken on the ‘amotivational’ syndrome which may or may not result from heavy
cannabis use. It is not clear that such a syndrome exists, even though heavy cannabis use is sometimes associated
with reduced motivation to succeed in school and at work. Also, new research is needed to show whether the reduced
motivation seen in some cannabis users is due to other psychoactive substance use and whether it precedes cannabis
use. How reduced motivation relates to psychological problems is still unknown and requires further research.

Research on chronic and residual cannabis effects is also needed. The pﬁannacokinetics of chronic cannabis use
in humans are poorly described and this lack of knowledge restricts the ability of researchers to relate drug
concentrations in blood or other fluids and observed effects.

The prevalence and consequences of dependence on cannabis is 2 major area requiring further regearch, Thereisa
need for better delineation of the clinical features of cannabis dependence and for studies of its responsiveness to
interventions aimed at assisting users to stop.

Further studies are required on fertility effects in cannabis users, in view of the high rate of use during the early
reproductive years. Researchers investigating infertility should be encouraged to study the effects of cannabis use.
In addition, given the importance of the issue of in utero exposure, more research on fetal metabolism, especially
of premature infants, is needed.  Another priority would be replication of the case-control studies of maternal
cannabis use and childhood cancers.

Further clinical and epiderniological research is required on the effects of cannabis on respiratory finction and
respiratory diseases. More studies are needed to show whether cannabis affects the risk of lung malignancies and
at what level of use that may occur. In addition, more studies are needed (o clarify the rather different results of
pulmonary histopathological studies in animals and man.

More clinical and experimental research is needed on the effects of cannabis on the immunological function. Future
studies should be aimed at establishing the relationship between cannabinoid-induced immunomodulation and altered
host resistance to microbes and tumours, and exploring the role of cannabinoid receptors on host immunity and in
the regulation of the normal immune response. More clarity should also be sought concerning the molecular
mechanisms responsible for immune effects, including both cannabinoid receptor and non-receptor events.

The possibility that chronic cannabis use has adverse effects on the cardiovascular system should have a priority in
epidemiological research. There is evidence from laboratory studies that cannabinoids have pronounced acute effects
on cardiovascular functioning and it is known that cannabis smoke is qualitatively similar to tobacco smoke which
is 2 known serious hazard for cardiovascular diseases. The fact that the cohort of cannabis users who initiated use
in the early 1970s are now entering the period of maximum risk for cardiovascular disease suggests that it would
be timely to conduct case-control studies of cardiovascular disease and cannabis use.

Frequently the risks of cannabis use are compared with those of other drugs such as alcohol and tobacco. However,
the science to evaluate health risks of cannabis use is much less extensive and much less conclusive than the
voluminous research that has been conducted on these psychoactive substances. In addition, there is insufficient
research on cannabis-related mortality from accidents and other causes to permit proper comparisons. More
comparative epidemiological studies of cannabis and other drugs are needed to assess their relative mortality and
morbidity risks at different levels of use.
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15.2  Chemistry, pharmacology and physiology

Certain approaches to the planning and design of research would improve an understanding of cannabis effects in
2 number of areas. For example pharmacological research is needed to understand to what extent the varieties of
cannabis preparations affect humans and animals differently. Attention needs to be given to elucidating dose-
response relationships rather than simply examining the effects of a single dose. More mformation is needed on how
dose-response relationships for most effects vary for different species. Further research is needed on what animal
dose for a given type of toxicity cotresponds to what human dose in order to ensure comparability in the two types
of studies.

Several important research issues remain ambiguons with regatd to the effects of cannabis on human physiology.
For example the sites of action for appetite stimulants and the antiemetic effects of cannabis are unknowr. Another
high priority is to identify the physiological roles of the endogenous cannabinoid system. Also, some future research
should be directed towards establishing whether a specific intéraction occurs between the endogenous cannabinoid
and glucocorticoids. This will require multifaceted efforts by chemists, neurochernists and molecular biologists.

Strategies include the identification of additional endogenous cannabinoids, syntheses of analogues with selected
pharmacological profiles and development of genetically-altered experimental animals which are devoid of
cannabinoid receptors. It is imperative to determine whether the endogenous cannabinoid system meets all the
requirements for a neurotransmittal system.

Some effort has been made to determine the relationship between THC concentrations in blood and other fluids and
the degree of behaviowral impairment produced. Although this task is difficult, efforts should continue with the goal
of defining a concentration-effect relationship as clearly as has been done for alcohol.

Further development of cognitive and psychomotor tests for controlled studies that are sens itive to the performance
effects of cannabis use and that reflect the complexity of specific daily functions (i.e. driving, learning, reasoning)
also need additional research.
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' CANNABIS

EFFECTS

All forms of canmabis have negative physical and mental. effects, Several

regularly observed physical effects of cannabis are a substantial increase inthe

heart rate, bloodshot eyes, a dry mouth and throat, and increased appetite.

Use of cannabis may impair or reduce short-term memory and comprehension,
alter sense of time, and reduce ability to perform tasks requiring concentration
and coordination, such as driving a car. Research also shows that students donot
retain knowledge when they are “high.” Motivation and cognition may be

- altered, making the acquisition of new information difficult. Marijuana can also

produce paranoia and psychosis.

Because users often inhale the unfiltered smoke deeply and then hold it in their
lungs as long as possible, marijuana is damaging to the langs and pulmonary
system. Marijuana smoke contains more cancer-causing agents than tobacco.

Long-term users of cannabis may develop psychological dependence and
require more of the drug to get the same effect. The drug can become the center

~of their lives.
Type Whatis it called? What does it look like?  How is it used?
Marijuana Pot, Grass, Wecd, Dried parsley mixed with  Eaten
Reefer, Dope, stems that may include . Smoked
. Mary Jane, “seeds
“Sinscmilla, _
. Acapulco Gold, - "
_.Thal Sticks )
Tetrahydro-  THC Soft gelatin capsules Taken orally
cannabinol - Swoked
Hashish ffash Brown or black cakes or Eaten or
' balls Smoked
Hashish Ol Hash oil Concentrated syrupy liquid Smoked—
varying in color from . mixed with
clear to black tobaceco
Marjjuana . Wllack,i)oats Brown-tippedcigarette Smoked
+ PCP Sherman Regular cigarette - stained - Smoked
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CANNABIS
MARIJUANA / HASHISH

COMMON NAMES a stick, Acapulco Gold ashes, bhang,bomb— :
er, boo, broceoli, Buddha sticks, bush, butter flower, Colombo, i
- Columbian, Columbian Red, dope, dry high, funny stuff, gage, _
Gainesville Green, gengou, giggles-smoke, gold, God Columbian,. 1
good butt, grass, griefo, griffo, hash, Hawaiian, hay, hemp, herb,. o
hooch, Indian hay, "I*; jay, jive, joint, Juanita weed, kaif, kauii, kif, |
locoweed, love weed, mach, mariguana, Mary, Mary Jane, Mary = ¥
Werner, Mauii, Mex, Mexican, mezz, mohasky, mota, mu, muggle, Wb
mutah, Panama Red, pid, pot, redreefer, roach, rope, sativa, skinny, "

- smoke, snop, splim, stick, stinkweed, straw, sinsemilla, sphff, stulf, 2 b
sweet Lucy, sweet lunch, tea, Texas tea, Thai sticks, twists, viper's: RS
weed, weed, wheat, yerba, whack (marijuana dipped in PCP),- 5
sherman (tobacco dipped in PCP), .

Marijuana is far more dangerous today than it was 10-20 yearsago - §fit"
for two mdin reasons. First, the research done on Marijuana health i
hazards gave the impression that it was probably harmless and il
"safer" than alcohol or tobacco. Second, marijuana is much more .
" potentthan ten years ago. The marijuana cigarette of ten years ago i'-!l
Co contained 1% or less of THC (delta-9-tetrahydrocannabinol), but . -
: today it contains 4-7% or more. -

Marijuana is believed to contain over 1500 chemicals. Although
over 500 chemicals have been identified in cannabis, the THC, a
unique chemical known nowhere else in nature, isthought to be the
principal psychoactive substance. THC can stay in the body fat and
brain tissue for up to a month. If a person smokes only one joint
weekly, he is never free of the THC. Also, deep inhaling causes
known damage to the lungs, Itisestimated that five joints per week
is equal to 16 regular cigarettes dax!y Marijuana contains 50% more
tar than tobacco creating: more damage in the forms of sinusitis,
. bronchitis, and emphysema. :
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In addition to those areas dxrcctly touched by the marijuana smoke,

many other dangers exist. Heart rate increases 50%, brain damage
can occur because it injures the fine, hair-like extensions of the brain
cellmembrane which communicate with the other brain cells. It has
also been: found to be stored by other brain cells. Daily use over
long periods of time may causc irreversible brain damage. Immunity

to discase is grcally rcduced as well. A great number of personality .

and character changes are also'prevalent with marijuana smoking,
Heavy uscrs develop a paranoid way of thinking, work productivity
lessens, school grades drop, driving skills decrease. Marijuana also
affects the reproductive system causing genetic damage and muta-
tion. In males testosterone levels drop 44%. In females damage
occurs in the reproductive cell. Able to cross the placenta barrier,
the drug is passed on to the unborn child and can cause addlctxon
retardation, spontancous abortion, stillbirth.

Until all the chemicals can be identified and rcscarched, the true
dangers will be unknown.

WHAT ARE THE SIGNS OF REGULAR USE? Casual use is
dilficult to detect. Marijuana has a distinctive smell, sometimes

- described as sweet and hngermg, which often clings to clothing.

Many users burn incense or use fans to mask this distinctive odor.
Regular users often have a chronic hacking cough orreddencd eyes.
Theneced formoney and an inability to account for where the money
has been spent are other clues. If personal items are frequently
missing from th¢ home; they may have been sold or exchangcd for

. marijuana. Other danger signals are:

1. Low tolerance for frustration and for anthority;
2. Poor impulse control, leading to sudden outbursts of
anger, crying, or laughter;
- 3. Muddles thinking--some users cannot remember what
‘they did yeste rday;
4. Depression, sclf-absorption, manipulative behavior,
and pathological-lying;
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