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I.   INrmongcTloN

It is well established that delta-9-tetrahydrocannabinol
(TIIC)   (I,   Fig.   I)   is  the  active  peychoactive  constituent  found
in fannab.is sa±±]za  (commonly  referred  to  as  "marijuana")   (15).
In  recent years,  a number  of  reports have  appeared dealing
with  the  potential  therapeutic activity  of  THC.    Its  activity
as  an  anticonvulsive  agent  and  its  potential  for  reducing
intraocular  pressure have  been  reviewed  (4,5).    Of  highest
interest  and  now  well  established  is  the  antiemetic  activity
echibited  by  THC  (18,24).     Knowledge  of  the  metabolism,   dispcr
sition  and  Fharmacx)kinetics  of  any  drug  scheduled  for  thera-
peutic  use  is  of  great  value  to  rational  planning  of  dose
schedules.

Although  there have  been a  number  of  reports on the metab-
olism  and disposition  of  "C  (11,12,14,19)     (cf.13,28,33  for
reviews),   the  studies  have  been  conducted  predominantly  with
male  volunteers.     Sex  dif f erences  have  been  observed  in
respect  to  metabolism  of  drugs  (25)  and  steroids  (9)  ky  micrcr
somal  enzymes.    It has been reported that microsomes from male
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rats metabolize THC faster  than those from females  (2),  and
that  a  TIIC  distillate  was  more  potent  in  female  rats  than
males  in  terms  of  behavioral  response  (6).    Therefore,    it  was
important  to  determine  whether  the sex differences observed
with  rodents  would be  noted  in  the metabolism  and  disposition
of  THC  in  humans.

This  report  presents  a  detailed  comparison  of  the metabo-
lism,  disposition,  and pharmacokinetics of  TTIC in women and
nen®

11.     MATERIALS  AND  RETHous

A.    Subjects

Subjects  who  participated  in  the  study  were  all  healthy,
female and male,  paid volunteers,  with normal weight  in  rela-
tion  to their  height and eating normal diets.    All were famil-
iar  with  the  recreational  use  of  marijuanaL     The  female  sub-
jects  had been taking oral  contraceptives  for  at  least  six
months prior  to the  study.    Six male and six  female volunteers
were  used  f or  both  the  intravenous  (iv)  and  oral  (po)  studies.
The  protocol  required  that  dif ferent  individuals  be  utilized
in  each  study  to  minimize  exposure  to radiolabeled THC used in
these studies.

The  characteristics  for  the  female  and  male  subjects  who
volunteered f or the iv studies expressed as X +/-  S.D.  were,
respectively:  age  (years)  23 +/-  3 and 23+/-  2;  weight,  (kg)
54  +/-7  and 72  +/-9;  height  (cm),163  +/-7  and 175 +/-6.
Corresponding  characteristics  for  female  and  male  stojects  in
the oral group were,  respectively:    age 21.5 +/-  4.4 and 25.8
+/-5.i;   weight,   56.4  +/-  i.7  and  66.2  +/-  8.7;  height,   165
+/-  5.5  and  175  +/-  6.9.

8.    Chenicals and Materials

acti:::ytLiu5mo_LLa6b5eLmecdc/¥g:-LLf±3LHe2d°±cTHf[i;''L5i=:yH&'o;=Ce±Lft::
9-THC  (11);  and  ll-nor-delta-9-THC-9-carboxylic  acid  (Ill)
were  obtained f ron  the National  Institute  on Drug Abuse.    Pre-
coated  thin-layer  chromatography  (TLC)  plates,  20  x  20  cm,
Silica Gel  60F-254  (E.  Merck,  Darmstadt,  West Germany)  were
used  f or  all  chromatographic  analyses.    For  scintillation
counting,  a  f luor  was  utilized  consisting  of  a  mixture  of
Triton  X-loo/toluene/  Cmnifluor  (i  liter:2  liter:18  g).
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I.     A9-Tetrahydrocannabinol

(CH2)4CH3

R   =   CH3

187

11.11-Hydroxy-A9-Tetrahydrocannabinol       R  =  CH20H

Ill.11-nor-A9-Tetrahydrocannabinol-              R  =  COOH
9-Carboxylic  Acid

FIGURE  i.  Chemical  formula  for  THC and  its  major  metabolites.

C.    Drug Achinistration

Tritium  labeled  THC was  mixed with  unlabeled drug  for  all
dosage forms.    For the iv study an ethanolic solution of "C
containing approximately 150 mcc of tritium was mixed with
human  serum  albumin  (Abhott)  to f orm a microsuspension accord-
ing to the method of  Perez-Reyes et aL   (22).  By  means  of  an
infusion  pump,   the  preparation  was  administered  over  a  20-30
min period to  six female and six male volunteers;   the  mean  THC
doses  were  approximately  2.2  and  4.0  mg,   respectively.

In  the  case  of  the  oral  studies,   15  or`  20  mg  of  "C
(females  and  males,  respectively)  containing  150  mcc of  radio-
1abeled were dissolved in 0.5  ml  of  sesame  oil and adminis-
tered  in  two gelatin capsules.

D.    Pharmaoological  Measurenents

To measure  the magnitude of  the  peychological  effects  prcr
duced by  the  administration of  "C,  the stojects were asked to
rate their degree of "high" at frequent intervals during the
90-180  min  of  the  studies  by  a  standard  technique   (20;23).
Since  the most  consistent  ririysiological  effect  of  "C  is  car-
diac acceleration,  the heart rate was continuously recorded
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from  10  min  bef ore  drug administration  and  for  90-180  min
thereafter.

E.    Sample  collections

Blood  samples were drawn at  frquent  intervals  during  the
first hours  of  the  experiments  through an indwelling needle in
one  Qf  the  arm  veins  and  by  independent  venipunctures  there-
af ter.    The blood samples were heparinized and centrif uged.
The  plasma  obtained  was  immediately  placed  in  f rozen  storage
prior  to analyses.    The  total  urine  excreted was  collected  at
timed intervals f or 72 hr,  and total f eces collected f or the
same  interval  Qf  time.

F.    Analytical  Procedure

The  basic  procedure  utilizes  TLC  to  seperate  carmabinoid
f ractions, followed by scintillation counting of the radio-
activity f ound  in  the  separated  zones.

Plasma,   urine,   and  feces  samples  were  analyzed  for  total
drug,  total non-conjugated and  conjugated  cannabinoids,  THC,
ll-hydroxy-delta-9-"C,  and  ll-nor-delta-9-THC-9-carboxylic
acid by a slight modification of  the procedure described by
Wall  et  al.   (31).

The  major   modifications  were:    (i)   TLC  developing  system,
for  neutral  cannabinoids:  chloroform,  ethanol,  acetone,  t-
butanol,  92:i:3:5;  for  acid  cannabinoids:  plates  pretreated  in
acetone,  acetic acid loo:3,  and dried at 110°;  developing  sol-

::ntrta¥::o:h:foruorf±:ram,a]cteE:Ee£::tf±ocunadc±£at63::5±:££5££n:hrt3+
matograrthy  on inberlite XAn2  resin  can be omitted.    The acid-
if led urine  could be extracted directly with  diethyl  ether.

The  above  procedure has  been  shown to give results  comper-
able  to  those  obtained  by  GC/MS  procedures   (30).

G.    Itharmacokinetic and Statistical halysis

iE:,x:e::f:w|¥:h::;oena:tc:1f/-C::u:all/:fiET:a+np5Baeimfagfoaffti;tat:i,St::::ct:
the  computer  program  NELIN  (17).     Cmly  data  points  after  the
peak concentration of drug in the plasma were f itted.    From
the  three weighted analyses,  the estimate of the smaller exp
nent which had the smallest  standard deviation  was  used as  the
estimate  Qf  beta for  each  individual.    In a few  isolated cases
in  which  the  number  of  observed  concentrations  in  the  plasma
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was seven or less or  when  the  coeff icient  of variation of  beta

#::o::r£:'entthieaLdactuarvwee{€pW=eL:geh_tbee€aa.i)?eforeandfitwithaAn F-test was  per-
formed  in  order    to  justify  the  use    of  the  lower  order  model
(P>  0.i).    The  estimate  of  the absorption  rate  constant f or
THC was  found  ky  adding  an absorption  term  (Ce-gammai.t)  to  the
equation which represented the  concentration of  "C in the
plasma  af ter  its  oral  administration  and f itting all  chserved
data  points  using  NOELIN   (17).

:gs-:#::;:(:1:-ee:tffi:::,:rfaFi:uecf'tEw:etersed:5.i:tw:isin:::=th::wg?::::
SubjectwasestimatedbytaTk:nrgentahLecmL:::ano=(£LCR/d:;;c;a::
responding plasma  samples.

those points.
The  areas  under  the  plasma  concentration  curves  (AUC)  were

calculated from 0  to 48  hr  or  from  0  to  72 hr  by  the  trapezoi-
dal rule.    The area under the curve f ron the last data point
(48  to 72 hr)  to imf inity represented less than 2%  of AUC  in
all  cases  and  was  considered  to be  negligible.    The  total

was  calculated as   Vdclearance of drug fr°EaLthf:L¥::§mft/(f)LTJere  calculated f ron  the

=i¥t=dAeext;nxen¥:):iambda±   = alpha,  beta,  or gamma)  as t/2 =
0.69i/eE#tfH.means were used whenever the variance of  an indi-

vidual  parameter  was  estimated  (viz.   beta  and  CIR).     In  these
cases  the  formulas  of  Meiers  were  used  (16).

Correlation analysis was done for  the subjective  "high"
and heart  rate data vs  the  concentrations of  THC,  total  canna-
binoids,  ll-hydrory-delta-9-"C,  and ll-nor-delta-9-"C-9-car-
boxylic   acid   in   the   plasma.      The   subjective   "high"  was
expressed  as  a  percent  of  the maximum  'Thigh"  for  each  subject.
The  heart  rate  was  expressed as  the  percent  increase  over  the
basal heart  rate f or  each  subject.    The  coeff icients of  corre-
lation  (r)  were  determined for  peoled groups of  subjects  using
the  ConR  procedure  in  Statistical  analysis  Systems   (SAS).
Correlation  coefficients  were  a)mpared using  Fisher's  Z-trams-
formation  of  r   (26).

Unless  otherwise  stated,  statistical  signif icance  was
determined  at  the  0.05  level.

Ill.     REsOLTS

A    Correlation  of  Plasma  Cannabinoid Levels
and Pharmaoodymmic Measur cments

Figure  2   (a-d)   compares  over  a  2-3  hr  period  the  mean
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plasma  concentration  of  THC and metabolites  with  the  mean
subjective  'Thigh"  and  mean  heart  rate  of  male  and  female  sub-
jectsl    Table  I  presents  the  correlation  analysis  Qf  the  data.
In  general  for  both  sexes  and  both  administration  routes,
total cannabinoid plasma  levels  provided  better  correlation
with  heart  rate  and  psychological  effects  than  corresponding
"C  plasma  concentrationsi    after  both  iv  and  po  administra-
tion  to  male  stojects,   correlation of  THC plasma    levels with
heart    rate was observed;  p <  0.05.    In general,  no  correla-
tion  of  THC plasma  levels  with  mean  subjective  'Thigh" could be
found.

8.    Metabolism  and  Excretion

The  plasma  concentrations  of  THC  and  major  metabolites  at
various time periods are presented in Tables 11  (iv admini-

::::::,f=rd±]dt=xeasT±n±SctrpaL:i:°mn:.Le3eLSs±m±Lcarrea¥etterranp±WdaLa§
after  iv  irffusion  of  drug  was  terminated   (usually  15-25  min).
After  i-i.5 hr,  a much slower decrease  in plasma THC levels
was  noted  (cf.  Fig.  3,4).

The active metabolite, ll-hydroxy-delta-9-"C (11) ,  was
present  in  the  plasma  in  low  concentrations,   varying  f ron  5-
10%  of  THC  levels  at  most  time  periods.    The  inactive  metabo-
lite  ll-nor-delta-9-THC-9-carhorylic  acid  (Ill)  was  the  major
metabolic  product  found  in  plasma.    Conjugated carmabinoids
(clef ined  as  the  radiolabeled  plasma  fraction  insoluble  in
diethyl  ether)  were  absent.

After  oral  administration,   the Composition of  plasma  can-
rrabinoids  was  again  similar  f or  both  sexes,   echibiting,   how-
ever,   characteristic  differences  from  the  data  obtained  af ter
iv  desing.    The major  differences noted were  (i)  that  after  po
administration,  THC plasma  levels increased to rather  constant
concentrations  up to  4-6  hr  af ter  closing,  and  (2)  that  the
ratio of  the plasma levels of  active metaholite  11 relative to
those of  parent drug I  showed a  considerable increase  (cf.,
Tat)les  11  and  Ill).    after  oral  administration,  the concentra-
tions of acid metabolites also increased  considerably  over  the
levels  noted  after  iv  closing,   and  small  quantities  of  conju-
gated  cannabinoids  were  noted.

C.    Urinary  Excretion.

"C was  excreted  in  urine  as  non-conjugated  or  conjugated
acid  metaholites  (Tables  IV,  V).    The  mean  cumulative  carirrabi-
noid excretion  found  in  72  hr  after  iv administration was  16.7
+/-  2.6%  and  15.2  +/-  4..2%  of  the total  dose  f or  females and
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males,  respectively;  af ter po administration corresponding
values  were  15.9  +/-  3.6%  and  13.4  +/-  2.0%.    chalyses  were
conducted for neutral non-conjugated  and  conj ugated  cannabi-
noids  but  only  traces  were  found.     The  composition  of  the
cannabinoid urirmry metabolites  was  similar  f or  both  sexes.
After  iv  administration  the  ratio  of  non-conjugated  to  conju-
gated  fraction  increased,   the  non-conjugated-conj ugated  ratio
approximating  i:i  at  many  time  periods.     The  ll-nor-acid
metabolite  (Ill)  and  the  less  well  clef ined  "polar  acid"  frac-
tion were  the  major  constituents  in urine.    Other acid metaho-
lites  intermediate  in  polarity  were  present  but  were  not
quantitated.

D.    Fecal  Excretion

Af ter  iv  administration,   mean  cumulative  cannabinoid
excretion  in feces af ter 72 hr was 25 +/-  19% and 20 +/-  16%
for female and male,  respectively;  after po administration
correspending  values  were  48  +/-  6%  and  53  +/-  19%.    The  cx)m-
position of cannabinoids f ound in the feces was similar f or
both  sexes  but  was affected by  the route of administration
(cf.   Tables  VI  and  VII).     In  general,   the  cannabinoids  in
feces  were  non-conjugated  --  the  conjugate  fraction  amounting
to  only  5-10%  of  the  total.  after  iv  administration,  both  the
ll-hydroxy and ll-nor-acid metabolites comprised the major
components  of  the  cannabinoid  fractions  which  were  analyzed;
whereas after pe administration,  the ll-nor-acid was the major
netabolite.

E.    Pharmacokinetic  parameters

Figures 3  and 4 present graphical plots  of  the  observed
and   calculated   THC  plasma   concentrations  vs   time.      The
observed and  calculated  data  were  in agreement  and  consistent
with  a  two  compertment  model  with  a  biexponential  decline  in
plasma  levels  as  a  f unction  Qf  timeL     The  mean  values  of  cer-
tain  pharmacokinetic  perameters  are  shown  in  Table  VIII.
After  iv administration,  the  t/2  values for  the  rapid disposi-
tion  alpha-phase   calculated  for   THC  were  0.4  and  0.6  hr,
female,  and  male,  respectively.    Corresponding  terminal  phase
(beta)  half-lives  were  29  and  36  hr,   respectively.    after  oral
administration,  the t/2 values fo  the absorption rinase  (gamma-
Fhase)  were  0.7  and  0.9  hr,   female  and male,   respectively;  t/2
of  alpha-phase  3.8  and  3.9  hr;  and t/2  beta-phase  25  hr  for
hath  sexes.     Biological  half-lives  were  also  calculated  from
the  beta-exponentials  of  metabolites  (Table VIII).    The  termi-
rral rinase half-lives of  the  total  drug and ll-nor-acid approx-
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imated  those  noted f or  TIIC.    AUC/Dose  calculated f or  total
drug and THC were  similar  f or  both  sexes.    The magnitude of
the  area  uder  the  curve  corrected f or  dose,  calculated f or
total cannabinoids and TIIC,  was unaff ected by the sex of the
subjects, but was  markedly  influenced by  the  route  of  achinis-
tration,   cf.,   Table  VIII.     The  values  obtained    after  po
closing were much lower  than the  corresponding values  noted
af ter  iv  administratiorL    The volume  of  distribution  corrected
for  beta  was  of  the  same  order  f or  both  sexes,   approximately
10  i./kg.   Total  clearance  values  were  also    of  the  same  order
f or  both  sexes,   197  and  248  mL/min  f or  f emales  and  males,
respectively.     Renal  clearance  values  for  ll-nor-delta-9-THC-
9-carboxylic  acid  were  of  the  same  order  for  both  sexes   (i.5-
2.0  mL/min).    There  seemed to  be  some  increase  in  these  values
after  oral administration,  although  the  difference  may  not  be
significant.

IV.      DISCUSSION

Although  the  metabolism  of  "C  in  man  has  received  exten-
sive  study  (cf.10,28,32,33    for  reviews),  previous  studies
have  been  conducted  largely  with  male  volunteers   (31).     Morer
over,  in most of the earlier studies,  analyses of plasma f or
TTIC or metabolites were not conducted f or suff iciently long
periods  to  obtain  reasorrable estimates for  beta-parameters and
corresponding  half-liveEL     The  studies  reported  in  this  paper
present  a  comprehensive study of  the metabolism,  excretion and
rinarmacokinetics of  THC administered to female and male volun-
teers  by  iv  and  oral  closing.     In agreement  with  other  workers
(3,8),  we  could  not  demonstrate  a  consistent  relationship
between  plasma  THC  concentrations  and subjective  "high" or
heart  rate.    With male volunteers  correlation was  observed  (iv
and  po,   Table  I)  between  THC  levels  and  heart  rate.     However,
better  correlation was observed f or  both  sexes  between  the
total  cannabinoid  plasma  concentrations  found  af ter  iv  or  po
administration and both heart  rate  and  psychological  "high".
This  relationship  is  probably  coincidental.    However,   we  have
noted  that  the  shape  of  the  plots  f or  total  cannabinoids,'Thigh",  and  heart  rate  clown  in  Figs.   2a-d,  which  depict  these

FIGURE  3.     Observed  and  calculated  concentrations  of   THC
in plasma  of  female  stojects.    The  observed data  represent  the
means  of  six  subjects for  oral  (triangles)  and  intravenous
(squares)  administration  of  THC    The  corresponding  calculated
curves  (oral  --;   intravenous  -)  were  constructed  from  the
weighed parameter means f ron  individual f itted plasma dat&



® ®
®



6-9-Tetrahydrocannabinol in Male and Female Subjects 205

correlations,  and  the  plots  of  THC  concentration  in  mouse
brain vs time after  iv administration,  are similar  (21,29).
In  the mouse  model  it has  been  shown  (21,29)  that  after  iv
administration  of  cannbinoids,   brain  concentrations  of  parent
drug  reach  a  maximum  within  0.5  min  after  administration,   and
a  steady  state  is  maintained  for  at least 30  min bef ore brain
levels  decrease;  whereas,  mouse  plasma  cannabinoid  levels  de-
creased  rapidly.     If  similar  effects occur  in man,  this would
account f or psychological effects persisting f or  long time
periods  af ter  plasma cannabinoid levels have decreased.

It  is now  well  established from ifl vitro  and ia ]zi]zQ ani-
mal  studies  and ±n ]zi¥Q  in man that HIC is extensively metabo-
lized  by  liver  enzymes   (27,28).     In  man  allylic  hydroxylation
at  the  C-8  or  C-ll positions ky microsomal erEymes  convert the
parent  drug  to  metabolites  hydroxylated at  C-8  (8-alcha  or  8-
beta),  C-1l,  or  both positions.    Hydroxylation in the  side
chain  frequently  occurs  in  animals  but  many  not  be  an  impor-
tant  process  in  man    The  primary  alcohol  at  C-ll  is  metaho-
lized to  the  corresponding  ll-nor-acid  or  more  polar  acids  by
liver  alcohol-dehydrogenase  enzymes.

Our  studies  indicate  that  after  administration  of  TIIC,  no
significant differences in-metabolic   pattern or excretion
were  observed  between  women and  men    As  noted  in our  earlier
studies  (31),  certain major  differences can be noted due to
the  route  of  administration    Of  particular  interest  are  the
differences  noted    in  the  ratio  of  plasma  THC  (I)   concentra-
tion  to  that  of  its  ll-hydro2ry  metabolite  (11).    After  iv
administration,  the  ratio  of  11:I  varies  from  I:10-20;  whereas
after  oral administration,  the ratio increases to I:2.    The
increase  in  the  plasma  levels  of  11 af ter  oral  administration
has been noted in our earlier  studies  (28,31).    We attribute
this  to f irst-puss  effects  which  hath  increase  the  concentra-
tion of  11 and decrease that of  I.    The increased proportion
of  the  active  ll-kydro3ry  metabolite  may  account  f or  the  fact
that  the  subjective  'Thigh"  noted  with  subjects  receiving  oral
THC dctsing  is of  the same LQrder  as noted with  stojects receiv-
ing  iv  closing,   even  though  in  the  latter  case  T[IC  plasma  con-
centrations  are  initially  ±B±±gh _h_igher.     Previous  studies  with
mice  have  shown  that  THC  metabolites  with  one  additional
kydroxyl  moiety  (8-beta,   11,   or  3')  penetrate  the  blood-brain
barrier more rapidly and achieve much hioher  concentrations  in

FIGURE  4.  Observed  and  calculated  concentrations  of  HIC  in
plasma  of  male  subjects.    The  observed  data  represent  the
means  of  six  subjects  for  oral  (triangles)  and intravenous
(squares)  administration  of  THC.   The  corresponding  calculated
curves  (oral  ---;   intravenous  -)  were  constructed  f ron  the
welched parameter means from individually f itted plasma  data.
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the  brain  than  parent  drug  (21,29).
The  cannabinoid  acids,   which  include  the  ll-nor  acid

(Ill),  as  well  as  other  less  defined and more  polar  compounds,
constitute  the  end  products  of  cannabinoid  metabolism.    These
acids  comprised the major metabolite fraction found in  plasma,
urine  and  feces.     No  differences  were  found  in the metabolism
of  these  compounds  that  could  be  attributed to  differences  in
sex.    However,  the route of  administration did play a role,
particularly  in  the  degree  of  conjugation.    We  define  urinary
cannabinoid  conjugates  as  the  radiolabeled  fraction  that  can-
not be extracted f ron urine with diethyl ether.   After  oral
administration,  concentration  of  the conjugated fraction in
urine  was  larger  than  the  comparable  fraction  f ound  af ter  iv
closing.    Similarly,  in the feces,  af ter  iv  administration,
little  conjugation was noted,  whereas the concentration of
total  conjugates  increased  after  oral  administration    Little
is  known about  the  composition of  the  cannabinod  conjugate
fraction except  that  some  Qf  it  can be hydrolyzed by glucuron-
idase    This represents at  times only   a  small  fraction of  the
total  conjugates.      The  rrature  of  the  remaining  forms  of  con-
jugation is  still  largely  unknown.

Acidic  cannabinoids  comprise almost the entire cannabinoid
fraction  found  in  the  urine    Neutral  canmbinoids,   both  free
and  conjugated,  are found only  in  trace  quantity.    Urinary
excretion  is  the  minor  route  of  elimirration  of  cannabinoids.
Approximately 13-16%  of  the  total  dose  is  found  in urine af ter
72 hr  with  both  administration  routes and for  both  sexes.

As  noted  previously  (31),   biliary  excretion  via  the  feces
is  the  major  route    of  carmabinoid  excretion     Approximately
30%  of  the  total  dose  was  recovered  in feces af ter  iv adminis-
tration,  and  about  50%  after  oral  administration    The  compo-
sition  of  the  cannabinoids  found  in  the  feces  is  noteably
dif ferent from  the  pattern of  urimry metabolites.    Fecal  can-
nabinoids  were  found  only  in  the  non-conjugated  form.     In
addition  to  acid  metabolites,   neutral  carmabinoids,   particu-
larly ll-hydroxy-delta-9-THC,  were impertant constituents.
Whether  the  cannabinoids  are  excreted  par`tially  or  totally  as
conjugates  in  bile  and  then  enzymatically  cleaved  by  endoge-
nous intestinal enzymes or enzymes from microbial flora is
uncertain.      In  the  rat,    an  animal   in  which  THC  is  also
excreted  in  metabolized  form  primarily  in  feces  (i),   biliary
cannulation studies of  animals closed with THC demonstrated
that  60%  of  the  metabolites  were  eliminated  as  water-soluble
conjugates  (34).

Pharmacokinetic parameters were  similar for  both  sexes but
differed  in  some  cases  due to  the administration  route.   Af ter
termination of  iv  imf usion  of  THC,  the plasma decay curves for
THC,   when  plotted as  concentration vs  time,  yielded a  biexpcr
nential  curve  which  could  be  f itted  by  a  digital  computer
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program to provide a  non-linear  regression analysis  of  the
Curve  (17) r  fromcw=hiAceh_££#£.Pe+C::##.etd the Constants of
the  equation:                                                         .    The  actual  and
calculated  plots  of  "C  concentrations  vs  time  (Figs. 3,4)  are
in reasonable agreement.    The half-lives calculated f or  THC
f ron  the terminal  rhase constant beta were in excellent agree-
ment for both sexes and both  routes  of  administration,  the
range  being  25-36  hr  (Table  VIII).     Similar  values  were  noted
f or total drug and the ll-nor-acid metabolite.    Our results
were  in excellent agreement with  an earlier  study by Lenberger
et  al.   (14),  which  covered  approximately  the  same  time  period
(72  hr)  as  our  study.    These  workers  report  terminal  Phase
half-lives  of  28  hr  for  subjects  who  were  experienced  mariju-
ana  users.     They  noted  similar  half-lives  for  total  radioac+
tivity   (total  drug)   and  "etherextractable"  radioactivity
(which  may  have  included the  ll-nor-acid metaholite).

Similar apparent volumes  of  distribution  were  found  f or
THC af ter  iv  administration of  the  drug  to female and male
volunteerEL    The  high  values  observed,   523  and  734  liters   (9.9
and 10.21./kg),  are  in accord with  the  results  reported by
Lemberger  et  al.   (14)  and  can  be  ascribed  to  sequestration  of
the  lipid  soluble  drug  in fatty tissues.

After  oral  administration  of  THC,   the  values  f or  AIJC/dose
were  of  the  same  order  for  both  sexes  but  were  markedly  lower
than  corresponding values noted af ter  iv  closing.    The  bio-
availability   of   THC   ranged   f ron   10.9%    (female)   to   19.0%
(male).    Ohlsson  et  al.   (19)  report  a  eystemic  availability  of
6%  for  THC  utilizing a  protcool  with  a shorter  time period and
a different vehicle  f or  the  drug.

From  Table VII,   it  can be  noted that  the  maximal quantity
of  TIIC f ound  in feces  ranges  from  3-6%  of  the  total  dose,   some
of  which  may  be  due  to  biliary  excretiorL     It  follows  there-
f ore  that absorption of  "C  through  the  gastrointestinal  wall
was  high.     Consequently,   the  low  bioavailability  of   THC
observed  in our  studies  after  oral  administration must  be  due
to extensive  biotransformation of  the  drug by liver e"zymes as
a result  of  the  'Tirst  pass"  effect.

gate5eii±n:::::i=::9_V±Lcufgs_ccaLrfrowfrL:cde;::aT±#£:cf°fsn&n:C£:i:I
acidic metabolite found in urine.    It should be noted that a
number  Qf  other  acids  are  present,   some  of  which  are  probably
included  in  what  we  term  the  polar  acid  f raction     In  accord
with  the previously discussed Fharmacokinetic  data,  no  differ-

aim:e3a::g:gsv::#iscawteer:nfcor=fs:aer::aTec|=axr::cF:f:¥rjeo¥asi
administratiorL    The reason for  this  is not  clear-cut.    Possi-
bly  there may  be  greater  saturation  Qf  the  binding  proteiri  in
plasma  by  the higher  levels  of  the ll-nor-acid metabolite
formed  af ter    oral  administratiorL    The  renal  clearance values
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were not corrected f or  plasma  binding as  this  constant has
never  been  determined for  the ll-nor-acid.    In all  likelihood,
it would  be  of  the  order  of  at  least  80-90%  based  on  other
cannabinoids  binding  values.     Even  correcting  for  an  assumed
90%  plasma  binding  of  the ll-nor-acid  (Ill),   it  is  evident
that  the  clearance  ratio  would  be  much  lower  than  unity  com-
pared to  inulin.    This  suggests  that  the metabolite may be
stoject  to  reabsorption  (7).
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