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FORE % !ORD

Cocaine is a potent centra l nervous system stimulant of relatively short

duration , low margin of safety and high systemic toxicity . Its Intense

euphorlant action leads to a very high degree of psychic dependence. It

has little tolerance or physical dependence liability . Dramatic increases

in the abuse of cocaine in the current drug subcul ture has greatly expanded

public awareness of this probl em. In view of the paucity of information

on the disposition and metabolism of cocaine In experimental animals in

acute and chronic states, there was an obvious need for sucb~a study. This

project was initiated in Apri l 1973 by the authors and associates with sup-

port from the U.S. Army Medical Research and Development Command , Washington ,

D.C.. With the exception of work on the dispositio n and metabol ism of co-

caine in acutely and chronically treated monkeys(which has recently been

submitted for publication~,the major portion of work in this project has

already appeared in appropriate professional journals. This study has

provided new lnsi -’ts into the possible mechanism of action of cocaine ,

reverse tolerance to cocaine and Its systemic toxicity .

In conducting the research described In this report, the investigators ad-

hered to the “Guide ft~r Laboratory Animal Faciliti es and Care” as promul-

gated by the committee on the Guide for Laboratory Anima l Resources, National

Academy of Sciences - National Research Council.
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This project deals in depth t.,ith the dispositional and metab olic aspects

of [3H] cocaine in the rat , dog and the monkey in acute and chronic states

with a view to assess the possible relationsh ip and significance of these

parameters to the acquired sensitivity (reverse tolerance) and systemic

toxicity to cocaine in these species on chronic treatment. Inter alia

various metabolites of cocaine observed in the brain of these experimental

animal s e.g. [si-i] norcocaine , [3H] benzoyl norecgoni ne, [3H] benzoylecgonine

and [3H3 ecgonine were also prepared and their disposition stud ied in the

rat. Sensitive and specific methodologies for the estimation and identi-

fication of cocaine and its metabolites in biological materials were devel-

oped. This study has provided evidence that chroflic administration of co-

caine in subconvulsant doses to experimental animals does not produce dis-

positional tolerance. Benzoylnorecgonine and benzoylecqonlne (but not

cocaine or norcocalne) were shown to persist in the central nervous system

of these experimental animals. Persistence of these polar metabol ites in

orain, their potent stimulant activity on intracisternal administration

and possible mobilization by these metabol i tes of neuronal membrane -bound

calcium from sites that control transniembrane permeability to sodium ions

has been implicated by the authors to play a possibl e role in the reverse

tolerance to cocaine. Comparative study 0f disposition and metabolism of

[3~1J ~‘-cocalne , the ctextro isomer of cocaine in the rat has shown that

diffcrenti~l ph?rmaco t~inet ics of th~~” 2 isorrers nay z ’ cco v nt in part for

their differential pharmacological effects.

L ___



BODY OF REPORT

Cocaine is a potent central nervous system stimulant of relatively short

duration , low margin of safety and high systemic toxicity . Its intense

euphoric action leads to a very high degree of psychic dependence. It

has little tolerance or physical dependence liability . The great potential

for abuse, the lack of adequate sensitive and specific ine~hodo1oqy to de-

termine submicrogram quantities of cocaine in biological materials and the

paucity of detailed information on its biological disposition and metabolism

~in acutely and chronically-treated experimental animals , prompted the pre-

sent study.

The rational , objectives and background information on this project have

been covered adequately in various publications listed bel ow. The approach

to this project was undertaken as follows :

1. Preparation of radiochernically pure randomly-labeled ~nd ring-lab eled

[3 HJ cocaine. For details on thi s subject refer to publication No.1

in the Appendix.

2. Development of suitabl e thin layer chromatoqraphic methods for the

separation of cocaine, some of its metahol ites and conqen~rs on Gel-

man silica gel sheets “nd devei~p~ient of methods for routine identi-

fication of cocaine netahol ites in hUman urine.

For details on methodology refer to public ations No.2 and 3 in the

Append ix on these subjects .

3. Ph~~io1ogical disposition and biotransform ation of [~~]cocaine

in acutejLand chronically -treated rats.

Details on the sensitive and specific methodoloqy for the estimation

of [~ii] cocaine in biological ma terials , acute and chronic animal 

~~~ - - —  ~~~~~~~~~~~~~~~~ -.- ~~~~ - -~~ 
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experiments , tissue distribution , parti tion coefficients , bindinq

in vitro of cocaine with plasma proteins of acutely and chronically-

treated rats , bil iary , urinary and fecal excretion of cocaine and

its metabol ites, m etabolic studies and implications of results are

described in publication No.4 in the Appendix.

4. Disposition and metabolism of ~
3H] cocaine in acutely and chronic ally—

treated dogs.

Details on the methodology for estimation of cocaine , acute and chronic

anim al experiments, identifica tion of cocaine metabol ites in dog

bra in, tissue distribution , urinary and fecal excretion and compara-

tive urinary metabolic profile of cocaine in acutely and chronically—

treated dogs and implications of resul ts are described in publication

No.5 in the Appendix.

5. Disposition and metabolism of cocaine in acutely and chronicalli—
treated monkeys.

Details of this study are covered in the enclosed report No.6 in the

Appendix. This paper has recently been accepterl for publication.

6. Studies on cocaine metaho lites

Norcocaine, benzoylnorecgonine , benzoyl ecqonine , ecgonine have been

shown by us to be the metahol i tes of cocaine in the brain of rats,

dogs and monkeys . Norcocaine , the lipoph ilic me tabolite was, like

cccain~, a p -~,;~rFu1 C~~ stir~u1ant o~ short duratio n and contributes

possibly in part to the pharmacological effects of cocaine. It was

active by both systemic and intracisternal routes of administration.

I3enzoyl norecgonine and benzoylecqonine, the polar metabol i tes pos-

sessed potent stimulant activity only by the intracisternal route

and ecgonlne was pharmacol ogically inactive by both routes of ad-

- -
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ministration. Furthermore , benzoyl norecgonine and benzoylec~oniee

persisted in the CNS of rats, dogs and monkeys long after the dis-

appearance of cocaine and its metaholite,norcocaine. These obser—

vations prompted a thorough study o~ the dispositional and met abolic

profile of these metabol i tes. Identification of norcocaine as a

metabol ite of cocaine in rat brain is detailed in publicat ion No.7

in the Appendix.

6.1 [3u] Norcocaine

[3H] Norcocaine was prepared by acid-catalysed exchange tritium là-

beling procedure and exhaustively purified in our laboratory . Its

disposition in rat brain was studied after a 2 mg/kg Lv . injection .

Details of these studies appear in publication No.8 in the Append ix.

6.2 [3H1_Benzoy~lnorecq~~ ne

Preparation , estimation and disposition of this cocaine rnetabol i te

in the rat after a 10 mg/kg i.v . dose has been discussed in detail

in publication No.9 in the Appendix .

6.3 [3I~j Benzoyl ecqonin.e

Preparation , estimation and disposition of this cocaine metahol i te

in the rat after a 10 mg/kg i.v. dose has been discussed in detail

in publication No.10 in the Appendix .

6.4 Ecqonine

~kr~ mi the tr ~i ~tI~ ~c~,un n~ ~ .1 fo~— t~ sv~ v ; 5 of ri ~(j— l -~1 e~i

{~ii] cocaine t-:as exhaustively p~rified by ITLC for use in disposition

studies. The amphoteric nature and unfavourabl 2 partition charac-

teristics of ecgonine have hampered the development of a suit.3ble

method for its estimation in the tissues and biological fluids. Do—

tui ls on the preparation and physiolo gical disposition of {~i~) ecqonine
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in the rat after a 10 mg/kg I .v. dose appear in pu blication No .11

in the Appendix.

7. Intracellular_disposition_of [~ii] cocaine , [3H]_ norcocain~ ,

ben~~ ’1ccqonine and_[3H]b~n?oy1 n recqonine~~n t ~~~hr~iin of rats .

Intracellular disposition of these compounds ~ias studied in fractions

of rat brain obtained by discontinuous sucrose density gradient

procedure. Details of these stud ies appear in publicat ion flo.l2

in the Appendix.

8. Other work on cocaine inetahol ites

8.1 Calcium bind ng property of cocaine and some of its netaholites -

formation of molecular conm~exes.

Cocaine , benzoylnorecgonine , henzoyl ecqonine , norcocaine , ecgonine

methyl ester but not ecqonine formed distinct molecular complexes

with C02~. Complexation with Ca24 and possible mobilization of neu-

ronal membrane-houn d Ca2~ from sites that control the transmembrane

permeabil ity to Na4- may conceiv ably pl ay a role in the excitatory

action of cocaine and its mnetabol ites . For deta i ls refer to pub li—

cation No.13 in the Appendix.

8.2 flo lecular_co loxes of cocaine , its act ive_rretabal ites_ - nd sor.~~otJier

stimulants w ith thiami ne.
- 

Thiamine and its phosphorylated esters appear to play an irportact

role i nerv~ cond~~ L ~~ ~ cxc i ta t ion at th u ::~l ocular 1 ev’l , ~j~ri te

independently ci~ their coenzynatic activi ty and h ave been i~p1icated

in transriembrane ion transport invo lvinci permeabili ty changes at the

sodium channel . lxca l  anest~~t ics repc~rterfl y block ~wrve conduction by
disorganizin g th~ in’ rhrane around the sodium channel and blocting ~.:he

sod~un conductance. Thes e obse rvations promptec ! a study of possihl~
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interact ion of the active raetahol ites of cocain e and s c:n ~ o~ehr st im —

iilants w ith thi aei ne. Detai ls of this work appear in publication

No.14 in the App end ix .

9. Dis~psit i o n a ~ d ~ete~ r l ism of the dex tro 1 somer of cocain e, {3H] ~~
-

cocaine in the rat.

The toxicity and local anesthetic activity of the C2-epiiser of co-

ca ine, ~-coca mne is several-fold higher than cocaine. Both isomers

have convulsant and paralysant propert ies , but ~‘-cocaine is several

times less potent then cocaine as an inhibi tor of norepinephine up-

take in ventricles and vas deferens slices . Differential effects Of

these 2 isomers on the FIG activities of the brain , cardiorespiratory

functions , daily temporal pattern of self-administration and behavioral

responses dur ing drug--access sessions in the monkey have a lso been

reported by the Neuropharmacoloqy Group in our laboratory . Little

information exists on the disposition and metabo lism of the dextro

isomer of cocaine. This investi gation was therefore undertaken , as

these parameters may possibly play a role in part in the dii~rc.ntial

efFects of these 2 isomers. A report on this work appears in publ i-

cation No.8 in the Appendix.

10. urop~~rmaco1Qgjcai studies on th~ tolerar:o to the convul sent and

cardioresn~ratnry effects oF coca ine in t • 7 I:e~~ r~’.

These stud ies we re princ i p~ i ly cond ucted by Dr. N. Ilatsuzaki and his

associ ates of the Neuroph~ naco loqy Laboratory in our Institute. It

has been shown tha t repeated daily i.v. injections of cocaine in the

monkey at a minimal convu lsant dose (tIC!) ) produced tolerance result-

ing in a marked increase in the tiCi) of cocaine . The repeated daily

i.v. injections of cocaine at suhconvtilsent doses (2—4 mc~/kq) also



— 1 1 —

produced a r: hre l  decrea se in the cardiorespi retory s Lir ~~l~ tinq ei~~nt e

A detailed report on this subject appears in put l ica t ion No.1~ in the

A ppendix.

i i .  COflCLUSIONS OF THI S STLU )Y

Cocaine was shown to be very rapidly :et.ahol ised ii all 3 specie s (ra t ,

clog and monkey ) studied by us . Norcoca ine , Lnzoyl eccj o n ioe, hon~i~ y l—

norecqonine and ecgonine were observed to be the roetahol ites of co-

caine in the brain of these species. Conversion of coca ine to nor-

cocaine could be demonstr ated in the CNS within a few minutes of the

onset of convulsions following i.v. Injection of a convulsant dose

of coca-inc. Norcocaine could contribute in part to the pharmacolo~~cal

effects of cocaine. The polar rnetabolites , benzovl norecqon-ine and

henzoyl ecgon ine but not ecgonine ,possessed potent stimu lant act iv i ty

only on intracisterral injection and were pharmacologically inact ive

when injected by the system ic route. These metaholites t enci shown

to cross the blood—br ai n harrier only in small amounts hut meta hol is i

of cocaine and norcoceir.e in situ in the brain cuuld lead to the

formation of si qnifica ~t amounts of these neotaho lites . The loneen

t, of these nietahol i tes in th ’ CNS of experinental an~ r~ ls ii~~l ies

a slower clearance and acc ount s  for their pers iste nce long after

the disappearance of cocaine and norcoca ine.

TL se :~ est;’e t i  0, 0 ~ con~ no n ~uI~s ~~ a ~ ~ ~d ~ ‘e !

fat of the chroa ica lly treated raic for is rolcn c~~ -~~~~ . o o s - s  not

observed in the doq and Lh~ unkey . No siq~ if icant differences u o-e

observed in the p 1a~ae -p rot ein hind ,nq of cocaine in  io ~—,cal , ec ute ly

and chronically—tre e ~rd rats. No coc a ine ( i n  snel 1 0 O U ~~~~t~~ 
) , hen~oyl :~c’i n2

(major), benzoylnorccqon ine , ecqonine methyl es t ’ r , eceer i no al .! no r—
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ecqonine were ident i f ied as urinary nietabolites of cocaine in acutely

and chronically-treate d aninuls. The nature of unidenti ~ied n eta —

bolites is not known. Chron ic administration of cocaine in sOhcon-

vulsant c loses to dogs and monkey s did not produce dispositional

tolerance.

On the basis of this study , it was possible to speculate that per-

sistence of benzoylnorecgonine and benzoylecqonine in the CHS and

molecular comp lexation of these metabolites with Ca2+ may play a

role in acquired sensitivity to cocaine in experimental animals on

chronic treatment. Altera tion or displacement of neuronal membrane-

bound Ca2~ by benzoylnorecqonine and benzoyl ecqonlne could conceiv-

ably cause a conformational change in membrane proteins , leading to

changes in permeability to Na~ and K
+ ions , depolarization of mern-

brane and excitatory effects. Other alternative mechanisms (a) in-

volv ing a reduction in Ca b 1nd le :~ sites on membrane protein and

consequent interference with release of norepinephrin e and acetylcho—

line , or (h) disorganization or expa nsion of hydrophobic regions of

membrane, energy transfer chanqes by high affinity binding of lipo—

ph ilic cocaine end norcocaine may also he involved .

Ar, additional finding of this study was the demonstration of non—

covalent intermolecular interaction of cocaine , its active nietabo—

l ites and se:~a 0~~d~~~~~~ s~ i i e Io ,d S  w ith thiciine , ;~~ich .~ Hen ne—

ported to play a biophysical role in nerve cond uction and exci tat ion

at the mol ecular level quite independently of its coerizyrratic activity .

The question of tolerance or reverse tolerance to cocaine on repe-

t it ive administration in ex per imental animals remains unresolved .

In contrast to the find inq s of our disposition and metab olism stndv~
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the electrophysi oloqical work by our Neuroph~~acoloqy Oroup has shown

that cocaine given by constant i .v. infusion to the monkey pro~1uced

a progressive increase in daily min imal convulsant dose on chronic

administration and also a marked reduction in its stimul ating effects

on heart and respiratory rates fol l owing daily injections of sub-

convulsant doses. Such studies underscore the need for a rigorous

delineation of particular responses measured and limiting of con-

clusions on tolerance or reverse tolerance to cocaine solely to those

respons es.

Efforts to demonstrate the oxidation in vivo of norcocaine to its

highly reactive nitroxyl free radical in rats after norcocaine or co-

caine injection have not been successful so far. The failure could

be due to the reduction in vivo of such radicals to corresponding

norcompounds by memhrane-SH group. Nevertheless , the involvement of

such a free radica l in the systemic toxicity of cocaine rema i ns an

attractive possibility . These conclusions are summarized in publi-

cation No.16 in the Appendix.

12. PERSONNEL PARTIC IPATION IN THIS STUDY

In addition to the co-principal investigators , A.L. tlisra and S.J.

liule ’, the following personnel participated in the different phases

of this study.

1. P.K. ~~~~ Ph.D . (April 1973 - Apr i l  1 9 75)

2. V. V. ~iri , Ph.D. (Nay 1974 - June 1976)

3. 1. Matsuzaki , Ph.D., t~.D. of our staff in the Ileuropharmaco—logical study

4. 11.11. Patel , M.S. (April 1973 — June 1976)

5. V.R. Alluri , M.S. (Augus t  1974 - June 1976)

6. V. Subba row , !1.S. (Nov. 1973 - Aug. 1974)

H ___
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Acid catalysed -excikange tritiu m l ibe ling of coce~~ne
and subsequent nurification furnishe d randomly labeled
[3 n ]— cocaine of 98 % isotop ic puritiy and specific
activity 630 ~Ci/mg . Sim ilar tritiation of ecqonine ,
esterification , benzoy l4tion and exhaustive pu rificati on
provided ring labeled [-~ii 3 - Cocaine of 99 % isotopic
purity ar~ specific activity 48 c~Ci/mq . Both products
were suitable for use in tracer studi t s on the bio-
logical dismosition and biotransfor mation of cocaine .

In connection with the study on tar phy siolo g ical dis-

position and metabolism of cocaine in acute ~nJ chron ically -

treated experimental animals , need arose for tritium labeled

cocaine of hi gh specific act ivity. The p reparation of

labeled cocaine w ith the laoel on the N -nethyl , benzoyl and

methy l ester grou~ s1 ’2 and 3 Ii— l~ bel on the benzoy l m oiety 3 anu

in random position 4 has previously been reported . Radiolabe ling

in these positions however , has draw backs in view of the in vtvo

X Cotrospondence and request for reprints to: Dr .A .L.M isra
D’CC Testing and Research Laboratory 80 Hanson Place Brooklyn ,
N.Y. 11217
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biologic lab ility of these pOsitions .In this report we describe

the preparation of radiochemicall y pure randomly labeled and

ring labeled ~
3H]-Cocaine .

EXPERIMENTAL

The melting points of the compounds were determined on Fisher-

Johns melting point apparatus and are uncorrected . Baker analyzed

silica gel /40-140 mesh/ was used for colum n chromatography and

Gelman instant thin layer chromatography riedia , silica gel /ITLCI

was obtained from Gelman Instrument Company . Ann Arbor , M ichigan .

Radioscans of chromatograms were prepared by sectioning 1 cm

plan imetric stri ps of ITLC , transfe rrinq them to counting vials ,

adding methanol /0.5 ni/ and toluene phosphor solution /10 ml !

and determining the radioactivity in a liquid scintillation

spectrometer. Cocaine base /50 mg, 1.7 x ~~~~ molj and ecqonine

/250 mg, 1.4 ~ ~~~~ mol/ were trit iated /New England Nuclear

Lab., Bostor , Mass./ in solutions of glacial acetic acid in the

presence of a pla tinu m ca ta lyst /25 mg / and 3H20 /10 curies/

by stirring the react ion mixture overnight at 5C°C. After fil-

tration of the catalyst , lab ile trit ium was removed it vacuo

and the crude [~ i~] -Cocaine residue taken up in methanol and

[3 H]—ecgon ine in water.

Randomly la beled li~H] —Cocaine

The methanol solution of [3 H J —Cocaine was mixed wi t h non-

la beled cocaine /150 mg, 5 .1 x ~~~~ mol/ and the solution e-

vapora ted to dryness in a stream of nitrogen . The residue dis-

solved in chloroform /3 ml ! was chromatographed on a silica
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gel column /15 x 1 cm! and cocaine eluted with chloroform

/100 ml!. The residue from the chloroform eluate was dissolved

in iN lId /3 ml,’, centrifuged to remove any insoluble matter

and the clear solution basified to pH 9.5 with lN NH4OH. The

precipita ted cocaine was extracted using benzene / 15 ml , four

times! and the benzene extract dried over anhydrous sodium

sulfate . Residue obtained on evaporation of benzene extract was

repea tedly recrystallized from isopropanol to a constant spe-

cific activity /630 iidi !mg/ , yield , 176 mg . The chemical and

isotopic purity /98 %/ of cocaine were checked by ITLC using

benze ne-ethyl acetate-conc . ammonia /85:15:0.1 , v /v,~, 
R f 0 .82

and n-butanol-ace tic acid-water 5 /35:3:10 , v ,’v / , R f 
0.92.

[
~Hl —Ecgon ine

Non-labeled ecgomine /75 mg, 4.1 x l0~~ mol!, was added to

the aqueous solution of crude tritiated ecgonine and the so-

luti on lyophi lized , yielding a yellowish colored residue /250

mg /. Crude —ecgonine /125 m g ,  7 x lO~~ mol / was dissolved

in methanol /3 ml ! and purified by chromatography on a silica

gel column /20 x 2.5 cm!. The column was eluted first with

methanol /100 ml, four times ! and then with methanol containing

2 % by volume of conc. ammonia !lOO ml , three times!. The re-

sidues from these eluates were dissolved in a small volume of

methanol to remove the non alkaloidal inorganic impurities

/yield 85 mg , 4.6 x l0~~ mol , 68 % / .

Esterification of [~ H] -Ecgonine

[in] -Ecgonine /85 mg, 4.6 x l0~~ mol ! was dried in vacuo

over P~05 a t 55°C overnight, dissolved in anhydrous methanol
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(Id ml ! containing 10 % w/v of dry hydrochloric acid gas and

the solution refluxed in a paraffin bath at 110°C for  2 h r .  The

resi due obtained on evaporation of solvent in a stream of nit-

gen was triturated with acetone /10 ml/ and the precipitated

-1:Cgonint methyl ester hydr ochloride removed by centri—

fuqat ion and dried in vacuo /79 mg , 3 .4  x ~~~~ mol , 73 %I . TLC

using benze ne-ethy l acetate—m ethanol—con , ammonia /70 :10:1:0.1 ,

v ,’v / established the chemical purity of the compound /a single

spot ~ 0.7 , coincidental tc authentic ecgonine methyl ester !.

The hydrochloride dissolved in water !4 ml!  was ad jus t ed  to

pii- 9 .5 wi th iN  dd 40H, saturated with NaCl and the [~~H] —ecg~~ine

methyl ester extracted using ethyl acetate—isopropanol !9:l ,

“/v/ /15 ml , four times!. Evaporation of organic phase fur—

n~ shed the yellowish oily methy l ester /61 mg, 3.1 x ~~~~ mol /

which was dried in vacuo at 50°C over Drierite .

Beazoylation of [3 d] —Ecgonine methyl ester

[3 ,] -Ecgonine methy l ester /61 mg., 3.1 x lO~~ mol! his—

solv~’i in inavcirous benzene /3 ml ! was refluxed with three

Limes ~ts~~ L~ :ht of beozoic anhydride at 110°C for 4 hr. A

f u r t he r  r e f l u x  cycle fo r  2 h r .  us ing  same amount  of benzoic  an-

.~~ u r ~~~e was necessary for  Complete benzoy la t i on . The res idue

ebtaincu on evaporation of ber izene in n i t rogen  was dissolved

~n 0 .5 : ;  ~iCl / 3 mu and the precipit ated benzo ic ac id removed

by extraction with ether /15 ml, three times/. The aqueous

~~ase was adjusted to pH 3.5 with lN NH4OH and 
[3H] —cocaine

ex tracted with benzene and recrystallized from isopropanol as

p r e v i o us l y  descr ibed !84 mg ,  2 . 9  x lo g , 90 %/ . Although Chem—
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ically pure !m .p . 96 — 98°C ! by ITLC 5

, [~~~i~ ] -Cocaine had only

75 % isotopic purity . Final purification was effected on pre-

parative ITLC sheets /20 x 20 cm ,’ with benz ene—ethyl acetate-

conc . ammonia / 85 :15 :0 .1, v !v ! u s i n g  10 mg [3 k] -Cocaine per

sheet as a streak . The cocaine band was eluted wi th  me thano l ,

the residue dissolved in dii. Dcl and basified to pH 9.~ with

dii . ammonia and cocaine extracted and recrystallized as de-

scribed before . The isotopic eurity of [~ ] —Cocaine thus ob-

tained was 99 % and the specific activity 48 ad /mg .

x
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Note

Separat ion of cocaine , some of its metabolites and congeners on glass fibre
sheets

A. 1. MISRA , R. B. PONTANI and S. J . MULE
New York State Narcotic Addiction Control Commission, Testing and Research Laboratory, Brooklyn,
N .Y. 11217(U.S.A.)

(Received March 26t h, 1973)

During the course of our study on the physiological disposition and metab-
olism of tritium ring labeled cocaine in experimental animals , need arose for the
development of sensitive methods for the separation of labeled cocaine , some of its
metabo lites and congeners (Fi g. 1). Paper ’ 3 , thin -layer 4- 5 and gas chromatograp hic 6
methods have earlier been reported for the separation of cocaine from its metabo lites ,
benzoyl ecgonine and ecgonine 7 ” . Pulmonary excretion of labeled carbon dioxide
in experimental animals following administration of cocaine-N- ’4CH 3 has provided
suggestive evidence ’2 for the formation of norecgonine.

This communication describes the application of glass fibre silica gel im-
pregnated sheets (ITLC) to the separation of cocaine, some of its metabo lites and
congeners. This techni que possesses the advantages of speed , convenience and ease

CH~ CH,
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~~~~~~~~~~~~~~~OCOe N 5 
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~~~~~~~~~~~~~~~OCOC~Hç
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Fig. I. Cocaine and related compounds.

Correspondence should be addressed to: Dr. Anand 1. Mis ra , New York Slate Narcotic
• Addiction Control Commission , Testing and Research Laboratory , 80 Hanson Place . Brook lyn ,
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of ~~
- ..nnin ’~ by direct transfer of sectioned planime tric strips of silica gel—glass

to counting vials , addition of eluant and toluene—phosphor and assay of
.::..dy in a li quid scintillation spectrometer.

t L •~ T Fd . I.~ I S ANt ) METHODS

Cocaine was obtained commercially (Merck & Co., Inc ., N.J.), ecgonine ’3,
ecgenmne methyl ester ’4 were prepared by methods previousl y described. Benzoyl
c~- :on ine and benzoyl norecgonine were a kind gift from Dr. E. L. May, N.J.)- !.,
L:  hes da , Md.. and norecgonine was prepared from benzoyl norecgonine by
n~~.i1 i ed acid h ydrol ysis procedure ’3. Gelman instant thin-layer chromatography
med ia , silica gel (ITLC) . obtained from Gelman Instrument Company, Ann Arbor ,

was used for TLC w ith application of standard techniques. The compounds
were localized after development by spraying with (a) acidified iodop latinate reagent
and (b) Lud y Tenger ’s reagent ’5 prepared fresh by dissolving 500 mg of bismut h
carbonate in 1.5 ml of cone. HCI , adding 3 g of KI and making the volume to 50 ml
with  distil led water.

RESULTS

The results obtained with the mobilities of cocaine and related compounds on
ITLC are given in Table I. Cocaine and ecgonine methyl ester could be separated
from other compounds w,th solvent system S,, and could be separated from each
other wi th  system S2. Benzoy l norecgonine and norecgonine separated well from
benzo~ I ecgoniri e and ecgonine in systems S3. S4 and S5. The compounds with higher
mobili ty in system S4. e.g. cocaine, benzoyl ecgonine and norcompounds , could be
separated from slower moving polar conjugated in r ivo metabolites in this system.
Combinations of systems S,. S~, S4, 55, S4. therefore could adequatel y separate
cocaine , some of its metabolites and congeners.

TABLEt
CHROMATOGRAPHIC MOBIL ITIES ON GELMAN ITLC (SILICA GEL) OF COCAINE,
SOME OF ITS METABOLITES AND CONGENERS IN DIFFERENT SOLVENT SYSTEMS
5, - Chloroform-acetone-c one , ammonia (5:94:1); S2 - benzen e-ethy l acetate —methanol- conc .
ammonia (80:20 :1. 2 :0 .1); S3 ch lorofo rm—acetone —d ieth y lamine (5 :4: 1); S4 = ethyl acetate—
methanol—con e, ammonia (17 :2 :1); S, - - ethyl acetate—m et hano l—con c . ammonia (15 :4 :1); S~ 

—

,,-butano l—acetic acid—water (35 :3: 10).

Compound R, >i 100

S S, S3 S4 S5

Cocaine 98 98 98 98 98 83
Benzoyl ecgonine 0 0 29 50 73 88
Ecgo nine methyl ester 98 64 98 98 98 66
Ecgonune 0 0 33 I I  28 48
Benzoy T norecgoni ne 0 0 12 30 46 95
Norecg onine 0 0 12 4 15 75

—4
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ROUTINE IDENTIFICATION OF COCAINE METABOLITES IN HUMAN
URINE

M. L. BASTOS , D. JUKOFSKY and S. J . MULE
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(Received Septembe r 11th , 19 73)

SUMMARY

A method was developed whcreh ~ the ma or m etah ol i te ~ of cocaine (ecgonine

and benzoy lecgonine ) wer e extracted from human  urine . h u tv la ted  and suhs equen tI ~
isolated and identified on Polygram silica gel sheets. .‘\ comparkon of the hut ~ lated
ecgonine thin-layer  chromat ograp hic technique (BETT ) with the eni~ mc mult ipl ied
immunoassay technique ( EMIT )  for henz ov lecgonine indicated complete agreement on
the presence or absence of cocaine metah o lit es in S8 of the human  urine samp les
analyzed. Disagreement on the p osi t ive ur ine  samp les w a s  ascribed to the lo~ ~r level
of ser~sit ivity of BETT (3— S ~~ ml of ecgonine or benzo~lec g on inc) in comparison to
EMIT ( I  pg~ml henzoylccgonine ) . Of the urine san ip les po sit i ’~c for the cocaine
metabo lites 18” ,, were negative for other drugs of abuse and 71” ,, were positive for
methadone. Cross-reactivity studies with EMIT indicated a high degree of specificity
for benz~ y Iecgonine. The BETT and E M I T  assay s were found to he highly re liable.
valid and sensitive tests for the presence of cocaine metab ol ites in human urine.

INTRODUCTION

Cocaine is extensivel y metahol ized~~
3 and , therefore, l i t t le  free cocaine is

available for detection in urine. A pp arent ly.  the major metaholites ’ of this drug are
benzoy lecgonine and ecgonine . Unfor t u na t e ly .  these biotransformation products are
water-soluble and thus  not easily extracted by organic solvents , nor are they extracted
readily by ion-exchange resins or absorbed on stvre n e-divi ny lbenzene copolvmers (i .e..
XAD-2) . For these reasons , cocaine , an apparent ly widely abused drug , is seldom
detected in urinalysis  screening programs for drugs subject to abuse.

This communicat ion describes a method for extr act ing cocaine and its meta-
bolites from human urine , the hutylat ion of these metaho lites , their  th in- layer  chro-
matograp hic detection , and subsequent comparison with the enzyme mult ipl ied im-
munoassay technique for benzoylecgonine. 

---- --
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I \l’t Rl\i l  ~ TA~

,%later iaI 0,11/ oiei/ io (/s
-\ l l chem ica ls sscre of reagen t i_’ i , i de. ( o . a i n e  s~ is oh t a i i i e t ~ comm erc i a l l r

from Merck and ( o . Rahss a~ . N . J . .  I . S . \ .  ~. I c~’ ’nine and he’,o~ lecgonin e
s~ cr c prepared in our lahorator~ f r o m  c, ’e:i I tic 4 . ~~~~~~ l ect~on ne m d  h~ii,o~ I—
norecgonine ssere ak~’ ~‘bt .mi ne d  .is ni t is l’roni I)i I - L. \1:i~ , \,ition al I n s t i t u t e  o
He a l th , ar id I)r . R. i . I3astiani of’ the ~vsa ( orporat ion. I he urine s. i i i i p les ssere ob-
ta in e d from N \( ( treatment and reh abilitat ion centers .is we l l  is t i m  the S\ sa

t ’r p o r . i t i o n .  I he assa~ I i  hen,os lL-c~~’iIin e h~ tI—c eiii~ rue nimitl t i plied In 1 n 1 un o a s s a~
t c e h r i i q u c  I I  S i t  I ) w . i s  per f ormed  .is s i i t ~ees ic d h~ the  nI.inutaL’turei

I ’,.o, t - ,/ u i

to 10 ml of u r i n e  i i i  a Ifi - 5~ mm test tube about  750 i i i e  of so l id  sodium
h i e a i  I o i i a t e  is added to adjust the pt1 between s 9. I se riir l l i li te r~ ‘f a chloroform -

ethanol 3:2t mixture .irc added . l’ollo~sed h\ m i x m n e  xs oh a Genie \ , ‘r t e \  l’or abou t
2( 1 sec. \h e i  cen t i  fiinini ~ the s:iinplc at about I l (~1~ .~~ for ahout II I m iii . thc upper
:ILI,meous phase is  transferred to a clean k’ st tube. The remainin g organic  l as er  con t : i i r s
unme tat’olited coc,iIne and or other extractable organic bases .

Fo the clhanolic .iqlieous laser etintai i1i;ii~ the L o c , I i i l e  tiie tahol itcs su f f i c i en t
solid an h x d r o u s  p o t . i s s i u m  carb ona te  for s a t u r a t i o n  I s added.  The samp le is mixed
thoroug h I~ using the  ( icnie S oi te\ and allowed to stand ‘or a few minutes . -S dark
brow n susr e f ls ior i  l , i t ~ to the surt .tee of ’ the tube. N is then centrifu ged il 1100 g
fo r 10 m m to separ a t e the :i e ,’li l p hase and  s l I N s e L ( u e I i ( k  ti.ins fcrred to a 4 0—m l

tube with a %3 as t C \ I r  p~pct tc .  ( b e drop st (s .5 HUt  is added to the eth an ol ic
c~ t rac! and the p 11 is d c t L ’I i n.ned. t ; the r ’I  S not below ‘. additio n:i? (s S Hfl
shou ld  he added.

To h u t s l a t e  tile extr .icted coca in e n L ’~,Ih,’ !Ites 2 t iil of l — h u t a n o f  and  0. 1  ml
of’ conc en t r a t e d  H.5( 1 . i r e  .idded to ~hc cthanolic extract and heated f o r  30 tw in  in
a g l r c e r i n  ba th  m a i n t a i n e d  it  I 2 ( i  . 1 he solution is 111055 ed to  cool to room tem-
pera tur e . .S ml of t o l u e n e  are added and the entire mi xture is  transferred to a cle~m ,i test
tube. I he centrifuge tube is washed i t h  S nil of .~t c r  and the  w as h added to  t h e  toli,—
ene - hu tano l  m i x t u r e .  I h e m i x t u r e  is s h a k e n  for ID see. c e n t r i f u g e d  at  275 g f o r  S mi i i
and the upper organic ar er : m s p i i . i t e d .  T h e  r em a in ing  aqueous la~er is sat  i.ira ts’d wi th
solid sod ium bicarb onate  and extrac ted  w i t h  10 n i l  isfcr  c loh exat ie .  l’he cr c l o h e x , i n c  is
separated from the aqueous  ar ci h~ cen tri fugation at 27 5 for 5 twin. The organ Ic
phase is  transf erred to a clean tube and e’ irporated to dr r  less Iti a water—bath. I he re si—
due is dissol sed in about I 50~m l ofch loro f , ’rni and app lied to a ().25—rnni Pol~ gr :iru silica
gel sheet made by \lach ere s. Na gel  & (‘o .. Dür en .  G.F,R. (supplied hr Brrnk iii ann
Ins t rumen t s . Westhury. N.Y.. U. S.A.) .  The shed s are de~el oped in ‘ar ious  so ls ent  srs-
teills (see Table I ) ,  hosse~cr . the I . 7 s~ stcnl  is most commonlr used. This s,’l~ei it s\
tern combination ( 1 ‘ 7) is also used for t w o — d i n i e t i s i ona l  ehron ia t ograp hv.  l o1los~ ing
development the chromatographi c sheet is removed from the tank ,  air dried for 30
mm . or placed in an oven at 90° for 5 m m .  The t h i n - l a r e r  sheet is sprayed with  the
iodop la t ina te  reagent s. which reacts ss tb hut y l ated  ecgonine to pro s dc a bluish
purp le spot on a li ght background and vdth hutyl at ed hcni ’r le cgun ine or hen,oy l-
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norecgonine to provide a purp le-brown spot. For optimum color development one
should spray once and then respray 5 mm later.

RESULTS

In Table I R,. values and sensi t i v i ty  data are listed for the hutylated cocaine
derivatives and RF values for morp hine. Using a sing le solvent system it was difficult
to separate morphine from hu ty lated ecgonine . or the huty tated compound was locat-
ed close to the solvent front , associated wi th  u r ina ry  extractable impurities , thus
making detection di f f icu l t .  A sing le solvent syste m was effective provided morphine
was not present in the sample. Solvent systems No. 5 and No. 6 ssere acceptable.
however , some interference fro m extractable substances was observed. All other

TABLE 1
RF VALUES AND SENSITIVITY LIMITS FOR I)ETI CTION OF HL TY LAT FD COC-’s t N E
I)ERIVATIVES
So lv ent sss ems : No. eth~ acetate—met hanol water ( ‘~ :2: t t . No. 2 eth’,! acetate --me rhan ol—
ammon ia 15:4 : 1) . No . 3 ch lo rofo rm—ac etonc —d ieth y lamine ( 5 : 4 : 1 1 , No. 4 chloroform - ace-
tone—ammonia ( 5 :4 , saturated). No. S methanol  ammon ia I DX) : t . 5) . No. 6 tsenzene-c t liy l
acetate - methanol ammonia (80 : 20: 1.2 :0 . 1). and N~~. 7 chloroform — acetone ammonia (5 :94 :1).

So/me,it R, - /1)0 ’ .S, so it ic-j t i’ icr ’ nil if urIlu’

sv .s-tc ’,pi -
.-t lorp/iuic’ t3 i i tv l~t tc /  But i / cit ed But vialed Ilict ilate d But elated

c ,eS’OJij iIC’ (,c ’n:u ii— l ’en:c ,m l— (‘C.S’Oliilii’

c ’t ,l,’O,ii?ir’ 10?, c cop u, ic ’

I 7 8 45 49 3 3 5
2 31 82 92 78 I)) IS
3 7 84 91 79 20 40
4 12 87 85 57 tO 30
5 34 52 64 58 s 15
6 ii t4 32 7 s 3
7 9 78 75 64 in 40
1 2  36 87 - 3 3 . 5

I . 3 20 92 —- 3 5
1 . 4  19 88 - . 3 3 - 5

I S  44 55 3 5

1 . 7  23 83 3 3

Morphine was applied direetfy to the thin-layer chiromatogra phic s h ce is tO IS icg i . The co-
caine deriva ilses (ecgonine . ben,o~tccgonine and beii,o~lnorecgonine) were diss ols~d in either water
or ethanol - w ater 95 :5) in concentrations of I mg ml and then but) lamed and esiracted as described
under Methods. The compounds were detected by spras ing the sheets w ith the iodopt isimn ate reagent.
which provided blue to purple color reactions . When two solvent 55 stems were used t he  R, w as re-
lative to the second solvent front and no R,- value w as obtained when the derivatives were located
above the second solvent front. Thus , the R~ value for these compounds would be the same as for the
single solvent system No. I, since the second solvent s~sicm was onl~ allowed to travel a distance
of 4 -S cm from the origin.

Ecgoninc and benzoylecgonine were added no urine in concentrations of t—lO O ,ug ml and
carr ied through the entire extraction and butylation procedure as described under Methods. Each
vatue represents the minimum concentration detectable. A low level of detection ~I0-.4O i’g ml) was
due to extractable substances that interfered with the color reactions for the drugs in the various
solvent systems. 
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sing le solvent systems w e m e  not considered effective for the detection of the cocaine
der ivatives. A double solvent srsten l was  used to separate morp hine from butylated
ecgonine. This separation is important  since morp hine glucuronide is extracted by the
method described above and su b sequen t l y  hydrolyzed to free morp hine dur ing  the
huty lation procedure. However , l i t t le  free morp hine is f ina l ly  extracted into cyclo-
hexane. The solvent system combination I —r 7 was  found to be the most useful for
the isolation and subsequent detection of hutylated ecgonine . The R 1- values for
huty lated henzoy tecgonine and hutylated henzoy lnorecgoni n e with the double solvent
sr stern technique were the same as for the sing le solvent sr s tem No. I , since these
compounds ssere located above the second so l s ent  sr stem fron t .  The sensmt iv t t \  for
detection of hu t y lated ecgonine at id hen zoylecgonin e sa rm ed from 3 to 40~ig ml of
urine.  The greatest s en s i t ix  i t \  w a s  observed with  solxe nt  s rst en i  No. I and the least
wi th  so lsent  svsteni s No. 3 and N o . 4. s ing the double solvent sr s tem . of course ,
did not change sens i t i v i t y  (3 5 p g  ml) since these v a l u e s  were related to the extraction
a rid solvent s\ stem No. I

The huty l ated der iva t i v es  of ecgonine and henioylecgonine may he effectivel y

F ig. I. I ri fl e samples containing ecgonine. benzoy lccgonine l lO ,ig, ml each) and control urines (no
drug ) w er e carried throug h the entire procedure as described under Methods. The but~ lat cd ev tr ac is
as well as free morphine ( ID pg) were appl ied at t he orig in and ili c chroma togran i w as develo ped
in tw o  different soiseni  s r s te i i l s  (two .diincnsional c hro matograph s ). The sol s e nt svs t cnl used for the
li rst dimensi on wa s eihr I acetate methanol w ater 17:2: 1) (Solsent srs iem N,’. I )  and t hat used for
the second dimension w as chloroform acetone ammonia 5 : 94: ) )  ISo lsen i s\ s i e i y i  N,’ 7), -5

‘ rinarr impurities: B hair l~utcd cegoninc: C huty lated benzo) leegonrne; I) morphine;
X origin.

- - - ------ - - - -
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separated from morphine and un i;try impuri t ies  throug h the use of two-dimensional
chromatograp h y (Fig.  I ) .  This tec hnique , h owever , is limited and time consuming for
the rcutine urinalysis of thousands of samples.

A total of 259 human urine samples analyzed for benzoy lecgonine by EMIT
were analyzed by the hu ty lated ecgonine thin- layer  chi ioniatograp hic technique
(BETT) . The data (Table I I )  indicate that  88.0 ” ,, of the samp les that  w e i e  either posi-
tive or n e iz a t i v e  hr EMIT were confirmed hr BETT and l l . 9 ° ,, ss e i e not. The largest

TABLE I I

COMPARISON 01- t i l  I SlIT \SSA\  I-OR BEN/OS I. E C GO N IN E  W I T H  T IlE  BETT
ANALYSIS IN 25~ l i t  \ t . \N t RINI S-\ \ t l ’ l  I S
BEET is  performed .is described under \leil iod-. and 1 . 5111 as described by Sr sa (‘o.. Palo Alto ,
Calif.4 . A bout 3(1(X) urine samples  were scre ened by I St Ii and those p~ s iise for hcnzoylecgonine
as w ell as a random se le c t i on ot negaike sann ip le s were subsequently analsi.ed by B[TT .

Results ’ ( n,n~
, ,,cn q / - ,

True posi t i s e  170
True negat ise 58 22 .4

Total 228 88.1)

l- alsc po.sitise 2(i 10.0
False negative 5 1 . ’)

Total 3 1 11. 9

A l l  values are in reference to BIT 1 .

percentage of false de t e rmina t ions  w ere  t ’:tise posit is Cs t 1 (1.0” ,,) vs . I . 9” ,, for false

nega tives. Of . the false posittv es SU.~ ~~,, (21 s:liilp les were at concen t r a t i on  1ev el s in
ur ine of I 2 / I g,  ml of henioy lecgont ’ie and 19.2 ‘

~~ 
(5 sanlr lcs l ssei C bet ween 2 3.5

/cg ml.  The m a x i m u m  sen s iti v tv level for HI: I ss:is f o u n d  to he 3 5 ~ig m l )  Table I

I t  is qui te  p ossib le .  therefore , that almost all the false positive samp les we re l abe l ed
so because of the hti i i t i n g  scn sili v i l \  of the cont i rn t : t t  oil t e c h n i q u e  RI-.TT I. The false
negat i v es  nl:t5 he ascribed to possible technician cr 1-or in the app hi c ;t t i on  of e i ther  or
both the F \l I I  and or BET1’ a n a b ~ sis .

I t  wa s  of ’ it i t e r es t  to a s ce r t a in  whether  o ther  dr t igs  suhiect  to abu se  were pr e sent
in the u r ine  samp les ana l ~ zed for cocaine. These data appear in l ahlc I I I .  Metha done
w a s present in 71.0 ” ,, of the u r ine  sample s t ru l y  pos i t i v e  for c ’c,tiii e iisl g c conlirni ed
by HFTT ) and in 7(i . 0 ,, of t hose samples i t nc on l i r t i i ed  h y H I .  I I false ~i sili\C5 ) .

M orp hine ss as present in 4.7 ‘‘ ,, of ’ the c o c a i n e — p o s i t i v e  ur mnc s . ,ind qu in ine  in 4.2
Of the lol al samp les ( 2 5 7 )  an a lr,ed for cocaine ni et :iI’noh i l e s . 21 .4 - 

,, ssere negat ive  for
ot h e r dr u gs sr ib t cc t  to abuse . (‘O h ‘‘ ,, co nta ined methadone . 12.5’ ’ ,, qu in ine ,  and 3 . 1
each vs crc posit is e f i r  morp h inc . ha r h it  ura t e~. a nd a ni isce l a tiCO ti~ group of drugs .

M any  drugs  che m ie al l ~ si milar  to de r iva t ives  of cocaine tTabl e I S I as well as
those drt igs commonly  abused were tested for cri’ss-t eac liv il r in  the  I S I l l  assa5 for
henio~ lecg onine . I . cgo n i i i e  was  the on l r  compound th at pros idr’d a reasonable cross—

reactis itr . equiva len t  to 9.5 iig ml of henzor leeg oni ne  (relat ive re a c t i v  115 of 0.1 1)5).
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TABLE I I I

OTHER DRU GS OF AB US E DETECTED IN 257 URINE SAMPLES ANALYZ ED FOR
COCAINE METABOLITES BY EMIT AND BElT
The analys is for drugs other than cocaine was performed as described previously ’.7. The data are
presented both as whole numbers and percentages of the cocaine results.

Cocaine Other drugs
results

Negatic’e Met hadone Quin,iie Morphine Barbiturates Miscellaneous

True positive 3) 120 24 8 8 5
(169) 18.3° ,, 7l.0°~ 14.20 ,, 4.7 ,, 4.7~ ,, 3.o°~

True negative 16 38 6 I
(58) 27.6° c 65.5 ”~ lO.3 °~ - — I.7°~

False positive 5 19 2 2
(25) 20.00. 76.0” ,, 8.0°-~ - — — 8.0° ,,

False negat ive 3 2
( 5) 60.0° c 40.0 °~ — — —

Total 55 179 32 8 
- - 

8 8
1257 ) 2l .4 ” ,, 69.6” ,, 12 .5” ,, ~~~ 3 .10 ,, 3 . l ? ~

This includes the following: d-methorphan, chlorpromazine (Thorazine), phenylpropanol-
amine, d-amphetamine, and Ihioridazine (Mellaril).

Cocaine cross-reactivity in this assay was 460 /Lg,-m I , a relative rca c tisi t r ratio of
0.002. The meth y l ester of ecgon ine and benzoy lnor ecgonine cross-reacted at concen-
trat ions of 380 and 335 ~~ ml . respectively. All other compounds did not cross-react
at concentrat ions ranging  from 500 to l 0OO~~g/ml.

TABLE IV
CROSS-REACTIVITY OF VARIOUS DRUGS IN THE EMIT ASSAY FOR BENZOYLFCGO-
N I N E

Drug Equoale,it to ~~ ~‘r ’ “il Relatirc.’
of hen:oi ’lecgoniiie reactjviti ’
(ag .- ml)

Benzoylecgonine 1. 0 1 .000
Ecgon ine 9.5 0.105
Methyl ester of ecgonine 380 0.003
Benzoylnorecgonine 335 0.003
Norecgonin e NR 1,,~ ” 0.00 1
Cocaine 460 (3,002
Atropine NR w,i
Nicotine NR~~Homatropin e NR~~ —
Scopolamine NR~ , —
d-Amphetamin e NR~~ -

Morphine NR~~ -

Methadone NR~ , —

Secobarbital NR~~ —

All values relative to bcnzoy lecgon ine. 
-

NR No cross-react ivity at the concentration indi cated ,

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _  - - 
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( ocaine app ar ent l ~ is a vs mdel ~ abused p sycho act ive drug that has been cx—
tret l ie l% d i f f icu l t  to detect on rou t ine  ur ine  screen ing because of the e x t ens ive  h iii—
t ransform at ion  of thi s  dru g .  55 e t herefore developed a method whereby ecgonine as
v scl l as henzo~ leegonine could be ex tracted f iom biologica l mat er ial  ( u r i ne )  and
h u t r l a t ed  vs i th  subsequent i s o l a t ion  and de t ec t ion  on a t h m n — I a ~er chrom atogram .
Because ol e\ t racta hle u r ina r s  substances and tlt e po ssible  p ie ~erice of morphine , a
doub le solvent  s\stem I I 7. I able I I pros ed to he most ell’ect ive I c r  the ident i l i—
cat n , :i of huts lated ec~ oii inc .  T w o — d i m e n s i o n a l  cli rom.i i i r,i pbs - ccl co u se. ma also

he efh~cIivels used in detecting the huts kited ci’c.iii: e dci v , i t  i v  ~‘ s \lcirpl ’ine present

i n t lie Ii n a t  extract  vs as derived l’ro iii mo rph i tie I i n c ii ron I e . Cxl r,i I .  hi e vs i t  Ii eego tune
:iiid ci’ile cners and subsequen t ly  acid h s d r ~i f s , ’ed t i n  lice itic irp li nne in t he  h t i t ~ l . i t i on
procedure. I v  ci i t hough  re l a t i v e ly  l i t t l e  I’iee morph ine  is evt r i ic i ed  i n t o  c r u o h e x a n e .
i t  is iiec ess ,ir\ to separate morp hine  (he r o in  nnel.it ’ i ’ Ii te l t u t u t h e  L - ,’ c . l in e  it ie taholites

since heroin  add ic t s  qu i t e  commonly  use e~’~ . in r t e .
-S compar ison  of the  EM IT assas (or hen/os Icenic it inc arid the 131 = 1 1 assa5 oil

25’) ur ine  samp les indicated the re l i ab i li t s and v .il id i ts c t ’ these te s ts  \ i t h ou g li I3ETT
co n f i r m e d  on ls  55 . 0’ ,, of the I . \i IT t e s t s , f u r t h e r  i n s pec t i on  n ’f he , L n t , i  n e v e a l e d  t ha t
all the  fa lse p o s i t i v e  sample s  oei’e in t h e L- ,i niccinll ,i tioiu range c i t  n 1 n g  nil or less s ’~
henio~ lec gc ni ii uie . ‘[lie sen i i i ’, i ts  limits I , ‘v t he  I l l  I 1 , i ss ,i\  ss eu d e t e r i u i i i e d  at 3 5

,ug nil, thus it :ippe~irs that the f a l s e  po sitive s s’~eic s I i n I f l i \  due to the s e t i s l t l i  i t s  limits

(i f  the  con t i rma t iot i  a ss,iv I llF [TI. Wi th the  t- \ll I . i s o  - f a l s e  p o s i t i v e s  i t l : t \  also be
due to n a t i v e  lsso,s  me activ it s in the urine , ibis mar  ‘c ca ’n l s  det e rm ined  hs : i na—
Ir u nit the urine in the absence 01 a n t i b , ’ds .:iid the c l i . ’\ n e  d rug  comple x (i.e. no

re t t e en t ) .  The false n eg a t i s  Cs I I .9 , 1 appear to lie due pr itn ar il~ I n ’  technical error .

I t  is i n t e r e s t i n g  to note  t h a t  a hig h pei’Lcnt.ig e ot ’ the  s u n n i p l c ”  p o s i t i v e  or cc ’ —

caine  sverc , i isi’ p i ’ s i t i v e  “ m e t h a d o n e  I ~
‘ I “ ( a nd li nt ‘iii ~ i t  t he cc ’v = ni ne -pos i -

l i v e  samples w ere  n e g a t i v e  I , ’ i o t h e r  d r u ~= ’ - (~~ , n n i n e  \\ . i s  pi cs cnnt in  4” , . of ’ t he cn ’s a n n c
pi ’s n t i v e  s am p les and moi p lu t i c  vs,is cc nnnti r nnc ~l in 5’ ’ ,,. lt. ir hitu r zttes a n d  miscellaneo us

group s  i l  dr u n s  ssei ’e p i L ~sL ’n t  in t o 5 , ,  of ’ he t r u e  p o s i t i v e  c, ’n l i n e  sam ples. The
da ta He indic a tive i i  the t i L l  t h a t  ‘c , i in e is gener.ill ~ n~n t used t i l o i l L ’ . bit t  t i co i l—

u n c t i o n  vs ith other drues . es pcc i~i l l ~ he r , i i n  ,n n d  t i t e th as t one .
[lie I S I l  I , i s s . i S  I n n  hen/t~ste c rnnn tie ,ippc :iis to ‘c quite speentic . Si t the drugs

tested. vs tb the e\ccpt ic ’it ‘t ’ecgonuiie. c tn ’ss-re,icted iii tue 1.511 1 , t s s : i s . at c iticentra-

t t n c t i s  nire .tler tIi ,n i i 300 n c  nil hein , slecg initie equi valent s .

I t  .ippe~ir s t h a t  the  I S ill and HF I I , i ss , n \ s  are hi elnis reliable, v a l i d  and
re l,i tis els sensiti ve tests f r  the dc l ert iiiii:i t i ,u tt of ’ c, ’ L , n n n i e i n e t , i h c i i i t e s  i i i  hu i i i a t i  uni ie .
These tes t s  nut ’  he u sed i n d e p e n d e n t i s  , i detect  cocaine abuse.  h u t  p re Ie r . ih t ~ iii

c o m b i n a t i i ’n  is c o n i p l i n i c i t t ar s  c on t i r n i i t i o  t e s l s .

S( K \ (  i S S l I  11( 1 511 Ni

i b i s  i n v e s t i g a t i o n  wa s  supported in p art  hr . 5 us  Reseai’ch and Develop-

meri t ( i ’ t t l i i i oid ( ‘nt r : ic t  No .  1 ) 5 1 ) 5  I 7 .73— ( — 3 ( I 5 I (
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A B ST  ft A C T

NA\ ’A K. I’ . K.. A. I.. MiSH.; ‘,xii 5. .1 M i i c: Phvsi inl iig ical (lispii sii i n  and
hi iit rnmn st ’iirni at iiin ot “H ~,‘iicautie in ac u t e l y  ninth (‘hric nicallv treated rat ’ .. .1

Phar ma’’ot. Exp. ‘l’her . t96: T,T,i,

A ~eit s i t  ive ni et hod was tieveli i1ied l’iir the est i ni at ii ‘ii id I °H icc ic n i n e  in hii i i ,  n gn al

mater ia ls  Af te r  an inject ion ii ~ nig  kg i v . in ma le  \Visi ar ra t s , peak ev i ls in bra in .

i issues and plas ma occ urred svi i bin I iS in niut  es and c ’ ( ‘ .1 i i i ’  d nsapp ea  red ci ‘iii tulc i sI r

fro m bra in and plasm a 0 hi ‘sirs li st nice ti n n it ‘lh e T., i it i - i sn  i iii in bra in i t t  ,~ p1 a’. tin cc

was ( 1 . 4 and 0.~ hour.  respect ’, i’ Iv .  N i ,  si g i i n t ’ i c a n t  d i f f e rence s  were inhser v i ’ i l  ti the r at e ’ .
of disappearance n t  cocaine t’riim the suhc u in in e i cu ’ .  ‘ i t i ’  in acute  and c h r on i c a l l y  i r e c c n c d

rats  al ter  an in ie ct i on  i f ’ 20 t t i u - kg .  A t i e r  a 2( 1 i t u g  k~ ‘..~~ . dose . t lii’ peak l e v e l s  ‘it  c c  c i i’

were a t t a i n e i h  gr a d i i u i l l v  in - l hours in h ra u i . t n s ’ . n n i ’’. and p la st na w i t h  t h e  cx u ’pt  ion il

heart h i S  h o u r h  and ta t  12 h i ,u r s l t he’.,’ tic k levels s h i f t e d  t r i m  I to  2 h , i i i r s  in t h e

chron teal lv treated gri iii p - I ‘nun . ’. isi i t  ,t] v higher 1ev s’Is i if i i  s c i n n i  e w c r c  f i  in nd t o he

sequestered in ta t  in t h e  chron ica l ly  t r ea t ed  at i imal ’ .  he I’ , n i t  cocai ne in h r a i n  and

plasma ‘‘I chronica l ly  t r e a t ed  ra t ’ .  vs-a ’. app rox ima te ly  I 5 to  2 hours  and t h a i  itt t h e
acute l y  t rea t ed an ima l s .  I S  t n  t hour . The l i ran i  p l c ’.t na r a t i o s  were u l s i n  ‘.n n i n i ’ v s h a t

higher in &‘h r’ in ica It v treat s i t  is ci ‘in pa red I i i  t he a& ’ui el I rent ed an i tila Is and were

ind ica t i v e  of ci high ; i t t n u n i t v  it  i , ’ . ’ . n u i ’  I c r  cocaine Alth ough coeciii , e did not pc’r’.i..t

in brains nt n i i - i i t e l v  t r t ’ c i t i ’ n l  o’iimctls , n c e as ura t ’I e  amoun t s  were ‘ . b t n n w n  to  n cr ’ .n s t  in

brain and it her i n s ’ . t ies nt chr i in  call t rented an im a l s  lu ng a f t e r  the  di sapp en irn inc e in

plasma. S i gn i f ican t ly  hi gh c i incen ir a i  ions u t  n ie ia h ol i t e s  of cocaine persisted in brain

and pla sma n i l  , i i n i t c l v  and c h r o n i c a l l y  treated an im a l s .  N i  s ignif icant  di fte r e rn ee s vs’erc ’

observed in t he  l n l , i ’ . t i n i p ruc i c ’  i b i n d i n g  n t  cocai ne in (‘on t rcc l .  acutely - unit chr nn n ’c ’cil l r

t reated rat s . I ‘ nchang ed - ‘ n c a n t i c  wi ’ ex n - r i ’ t c n l  in s i r s  smal l  an i ount s  in rat bile and

a~upr n x c n i c i t e l v  10 , n t  the cl o t -  i Ti tog  kg n . v’ . I an ’ .  exc reted is m e t a h i n l i t e s  .( T, hn iu rs

a l t e r n iec t , n ,  Es, r i !  t i n t  t ree c i  one in u r ine  and feces a f t e r  a 2 )) mg kg s , , .  du st ’ in
o - u i t e l v  and c h ronnc  i l l s  t r e a t ed  ra t ’ .  s in s 1.2 and I 4’ . . r e speeii s -elv - S i g n i t n u u o i i t v

h igher  ex cr , ’t  i n t ’ l  t o t a l  r n i d i i i u i i ’ t i v n t v  occur red  in feces in the  chronic group .1% 0’ - I c i ’ .

compared t ’  - t h e  ci n c t e  group 22 I’ ’ i . U n i v lcc ’~~, n t n n n i ’ . h enu ’ov ln orec g iin ii ie .  i ’c g n n t i l ne

mel liv! 1s t  e r and i i  g o  in ,  vs-crc ’ (h e n i  i t i ed  a’. u ri nu t rv met abc I i i  e’. in h~ ,t h ci i ’ li i i ’  and

r h  ron ic ii ii~ in cil s - In add it ii in.  ev idence vs a’. i ih i a i ned b r  the  p resetice nt ci pheni div
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Hr 1st N ~‘ I r e t i t n n n i n . i r s  r c ’ I n n n r l ’ .  of ih ~ n.t’ ,‘ s i n c r n n n i ’ n n t ’ .  ap-
— , p ’ ’ci r i ’ct  in  (“ i t  I’ m ’ ,  33: r,’2T, I nTl . .1*: ‘.l . t a T . ” ’
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meta bu i t i t e  and t W u i  o ther  h dru ix t a fed  metaho l i tes w i t h  h dro x vla t ion  pre uc umah lv  in
positions 6 and 7 nt the  pyrr oli di i ie r ing ) . Imp l ica t i ons  of t h e se  ohsers’ations w i t h
respect to systemic tox ic i ty .  (he absence o!~ tolerance and physical dependence l i a b i l i t y
of cocaine are discussed.

The recent increa se in the  ahuse of c ocaine bv iN ava k i t  a!., t9741. ‘ t h e radicia,’tive ma ier na t ss cis

the current drug sub cu l tu re  has pr iinipt ed u s  to di tuted with non radi i iac t iv e  cocaine Lii provide a

investigate the phvsioluu gical dispii sii ion and spe c ’ i t n c activit y u t  12 cc mg .  Although ci ,ca ine aas

— metabuclism of “H lciuc ’aine in acutel y’ and injected .is i ts  hvdr cs h l i c r n d e ,  a l l  d’ s,”. are ex iures sed

chronica l l y  t rea t ed  rats , (‘ui c aine (pK 0, ~ ,~~I I I  is a as the tree base. Ge ln ian in ’.ta n t th in ’I . i ’o’ m ti r iima-
‘ 

‘ - tui gr aphv media sn t icci g eti I ITI.( b . was used for al t
potent central  nervous sy ste m s t i m u l a n t  of ‘ -

- . - ih i n . t a ve m ch r i i m a t o g r i t i h v  ex pe rn m en t s .  Radiosc ’an ’
re lat iv ’elv short dura t ion ,  lui w niargni cit sc ite t f l ing  n t  chromcitcngranu s a c ’ .  f i e r t n n r m e d  by pr evii ’n i~and hig h sy s temic  t u i x i c i t  I I . I ) iSI t  i v . in r a t ’ .. meih u id s  Slis r a ci a!.. t9T:;cc , 11 174,’i -

17. 5 mg/kg ; t a ta l  dose i l) . in rats I I I ) ) mg k g l .  Its Standard samp le’. nt ’ t > e n , n n v Iecc i ’n n n u ne and i n  gcun i n e
in tense  euphoric action leads to a h ig h degree nt me ih v t u ” . ter su ‘ri ’ prepared hr the  m ei h c id nt F ind l ay
psychic dependence ) T a tum and Seevers . 1)20 ; n I t i . ’n -i n ;  I s . i n z n n v l n n n n r i ’ c g o n u u n c ’  and ncurcoc cu ,mie by ihe
D in wt n ~ and Eddy , Ii ) :i2; Eddy et a t. .  10) 14; method i t  Sn ’h nn d i and Wern er  I t902 i ; and ecgon ine
Deneau i’t at .. 1909; Seey ir s . 1)7:!) hut  p hy s ica l  by the  ineth uid of Hell  and ,.\rc’her
dependence and tu i le ra m ’e i i i  i t s  eu t ) h iu i r i c  am id Estimation of ‘H cocaine in biolo gical mate’

to xic ef fec t s  have n u t  been reported . 1)esp ite r ialS. ‘l’wo ’m i t l i l c t e r  a l n n i i c , n t s  nt d i luted  n i rn r i e  or
plasma i t  .‘ib or t n o . . iii . h u i m u i g i ’nate  n ( c i ’ ’ ;  i t  T, N H( I ,

man repu urt ed studies n ( I d  ks rs and U u s ’ I / . , . -
- , .  , — w,’ v i  nfl  d n u 1 i l i c . i t i ’  were t r i t s t i ’ r r c ’ u t  u n  U i _ n i l  c s ’t t i r i t ug lo

19:13: Oelker s . 11) 1:1; ()e lkers and \ i t icke . l O l a :  , . ‘ -
t ube ’.  c’o n i a i n in g I ml ni , , ‘n r a d i c n a c i  ye u n ’ , ’ acm’

Mclii t ni- . 10.10 . I .coigi’c k m r  and I’.ew i t t . 19.15 . hvdrn ich li r ide c c ’ . ‘ a rm, n - r ‘0Mb 
~ g ‘n i t  ci ’. I me liaseb. t hu .

~~mid ’. Ct at .. 11)41: Sanche e . t9 fi7 : On ii.. 190) 1 p1-) of the s nil u i i n  c c c i ’ .  n i d l u s t s d  in 9 by the addition of
Werner , (1)0 1 . Mu ’titu ’..in ’i— , 119,4: Fish and W i t —  t ml cit I n N c o t i m o r i i n  and  fit ’ ‘ . n i l n , i  i iu n  was t ,u ff ’er ect
son. 1909) , i h er e  i’. s t i l l  f i t t l e  k t i n c s s l i ’ u l n ~c’ , n t  with t ml ut ’ 2 (1’’’ a ‘ v i  K,Ht’(1, o n n t nH ion ,  Fittee ri
cocaine p h u i r n i ~n’n ’d ’u nci rit a ’— , and the  l icu s i c ’  m i l l i l i t e r ’ .  ni i v  I n  n t n i ’ ~~, c n , i ’  ss i ’m i ’  added coud the iro xt curs .

mech aniu cni  i it  p sy c l i  U’ i le t is ’n t te n c c ’ on ccx ’a in c was shcu ks’uu nfl in E i n n ’ r h c i u ’h ‘ .0 ,  c - r  t ot I Tn t i n  f lu tes  -

remains un k n u iss ’n .  Ea r l i e r  n i e thi id s  used Ik ir t h ’  -‘S I t e r  u ’ e n t r i t u gai i ’n n I it l i i  m u i n i i t i ’ . . t h e  .i,1uc’nnis lav,’r

est i mat ii in ot ’ c c c  a i li e a ci’. et at ., 1951; ( ; ci - ~ a’. aspi r i n  i ’ n t  m d  t h e ’ ’  m it n u n  n ,  ph i’.,’ ci ‘n ’. s i g n  rn nsn ’ . l~
- shaken  f’ u n r I m c n u n e ’ w i t h  - t a) n t  ii I S NaOl’l in cit I e r  arid ~ un sh it i s ’ . l i t u t )  t a ck  adequa te  sensit iv- v u  hr ni n scm 5 ,  n r t  i ’s  I an  a’ ~~c ’ien i it ,, ’ Inifu si rues .

it v and specif ic i ly ’  t u. 1” t’ r io inc suh n ui crogran n . . ‘ -
- ‘ 

‘ . . ,  Spri ngt ue td . SI ci’.’. i . I he ~ol nit non was cent m t  i,ged for
q uan t i t  es n t  this compound in h i uu lu i g icc i l  ma te -  II ) mi nut u ”., the aqueous phase aas  aspirated and 1(1
rials . p ar t ic ular ly  in the  cent ra l  nervous sy stem.  tnt nt ’ the inrgami ic phase were iransferred to counting

Our recent s tudies t M n ’ . r a  et at .,  t974l~ have vials  and ey api ir am ed at 4~1 Tib i ’ i ’  in a Fisher slide
ti rovided evidence fU r the  presence i f  nor- warmer,  ‘l b, residue was dissolved in u T ,  ml iii

cocaine , henzovlecgonin e. henz i ivlnorecg i inine incin prnipa ru .ut . lit ml n t  t u i l u e n e  p h u m s ; i h n ’r  were added
and ecgonine at~ metaho t i t es  u t ’ c in ca in e  in rat and r c i d n n ’ . ’ c i i v n u v  was  , l c ’ t er n t i n e d  in a l iquid sc i n mi l l a .
b ra in .  t i i i  speci rometer u N ii, ’ ls’cm r ’ ( ‘h iu ’ag in Mark It I i  - Nm

In view of the  great po te n t i a l  f i r  the  abuse nut  quenching nt r c i ntum c u u u m s i t ’, wa s nu hse rv ed un the  cs-
- c t u i h ex  acn e cxi ra n s i it u n  ne . pI cisu n a and tissue ex-

cocaine and the pauc i ty  ot detailed int iir znat ion
t racts. (‘onl rols i n  n r  t i a c k g r n u n d  were ruin cuinu ’urrentt s’

on i t s  biological dispiusition . we describe in thu s  - -
t hr ougti i hi’ ‘s i  rcu c ’ t  d un t urn ’ ,  “ hir e ,‘c iu - I n me and these .

cnu rn niunicat isin a sens i t ive  method  b r  i ts est along wi th  ‘.i ’aled t r i t i i m m n  s i a m n n t , i r u l ’ . . ot .rve d as cc check
mation in I: iolog is’a I ma te r i a l s  and phvsi u u l ogica l  on t h e  ~xi rai l ion it ’ ,  fin qu ie  arid c’n’unt nng ef1’icienc~
disposition and met abot ism of cocaine in app r ~u x u n t a t e tv iS I or i ru u rn  I Ha ck g r iuund c m  m i n t s

acute ly ’ and chr iinit ’ ci l l v t r eated r a t s  . . 
- -

has been sf i o w tn  I Vs erner anuf  ~c’hi nn di  . 1 l im O I to 0e
21)’’: imi t hc ’ ec ’gui u inc . k i ’i , ’t  ‘ n , OTi ‘ -, nit i hi ’ lien t ene r ing

Methods and 7”; in t h u s ’ (U ’ H  , grmn nu p ,  Ri ng . l aheleul  i ’n n c c i i n e

I ‘H lcom ’ai iii’ ‘ m u  n d m i n i  lv hi In u’  led ’ and r ing - I a t,,’1 ed’ i prepared t i s ss i t  hi ’ ’.,’. f ruu m n I ’ H ecgon i ii’ has alt the
I H Irad e n u n  t v  n i in t h e  ring sk& ’t e i u nn ,

was prepared Os’ ci u ,n i ’t hucu f n I , ’ . .  m n bed prey n u n n i s h  
~~~~~~~ sh c i k  nmig  or 1 m inu t e  w i t h  0 , I N N cO Ft in

t h e  v u h r o m i x e r  wui s t m m n n u n u l  i n n  lie n u i f ’f icient I ’ m  removal
‘ I ( n o t  m ibu i r i , u n  ‘‘1 1 ‘H lr a diniau ’i ic’ i tc  cn r ando nu ls  I i - ot s n a i l  an i , uu i n i s  m uf m ’ ui n i c i r n i n c i i nui g mel , ih i , t iO ’’. w i t h .

bided cocaine ti r , ’ luc ire d by direc t t r u i i u i l  uni t uuf ci n n ’ c i n n e  ou t c n i i e m ’i un g  t h e  des- n ’s er , , ’ .  ‘ ‘t f - ’H Irm a ,,’

~

--,.- -‘. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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for t r i i i u m  were in the  range of 18-20 cpm and the treat ed rats at these t imes (table 4 ) .  After an intra ve-
c s un in in t  plasma . ur ine  and tissue extracts  gave values nous injection of 8 mg/kg of l’H lcocamne in the rats ,
in the same range , Consistent checks in counts finc the contribution of norcocaine (fro m radioscans of
dup lic - c u t e  samp les at’ extracted bi ,utl ci id s and tissues ITLC of extracts of brains of rats removed (1.25, 1 and
leach counted three t imes )  and c ’um nsis t ent t y  higher 2 hours after inj ec ’ im on l  to the  total  values m u f cum ca ine in
absolute count s per minute (minus background brain )ta hl e  11 was appr oximate l y  15°i , Norcoc aine
counts per m i n u t e )  for tissue ex t r ac t s  at later t ime was not demonsirated in other  t issues , possibly due to
periods showed ihat rad ioac t iv i t y  could have cane its fur ther  biotransformation to benzu iy tnorecgc i n mne
only frm m m l ’Hlcn caine injected. Other details  cm the and nu ire cguu n in e and was ni u t observed tcu f l e a  urinary
c a t ib ra t iuu rm curves for ca lcu la t ion  u t  conc entr at i ( if lS of metabo lite in the rat. The solvent sys iem s which
coca ine in tissues and fluids , total radioactivit y in adequatel y separated norcucc’ aine and cocaine on
urine an d i’ecat samp les have been reported prev i i nu s l y  ITLC (si lica gel) were as t i u t l i u w s :  n .hexane -ethyl
( M i s r a  et at.,  197:ta . t9 74a ) ,  In c’itro recoveries of acetale - concentrated ammonia l~ ):4t):0,i v/v t . R,
cocaine in ihe  c’oncen t ra t i mi n  range cit 1 0 m m  1000 ng/m l nm irc ’oca mne and cocaine 11.72 and (( .9)5 . respectivel y;
from di lu ted  ur u ne  and plasma were t IM .) t I ;  t ’ruu m n ’hexane - d umn xa n e  c iuncentra ted  ammonia  (90 ;10:)) . t
bra in . l iver  anti  kidney huimogenate s  99 0.5, 98 v/ca , H, n iurcocaine and cocaine (( .4 :1 a nd (1 , 1)15 . respec .
0.5 and 99 u i ( S E M I . respec’t ive l v .  t i v e l y ;  n .h e p i a n e - d h u x a n e - c on c e n t r a t e d  a m m o n i a

Ex t r ac t i i mn  u m f l’H Icocaine )5~ t0 n g c n u t (  in t it r u n 190: 10:1 ) 3 v / v I .  H, norconaine and cem - aine 0,69 and
from di lu m ed ur ine , p lasma and bra in  homogenaies in ) i .92 . respectively.
t he presence m i t  a conce ni rati ci n of 5 to 10 9g of The amum u n t  of c i mca m ne  r ema in ing  at t h e  s i te  m i t
nontabeled cocaine as carrier (instea d of 515) 54g 1 as i t i j ec tm um n a f te r  a su hcu ianem iu s adm i ni si ra t iu i n was
described ahuive , evaporat i n n  of the u u rgan ic solvent det en ned liv c u t t i n g  ,iut a t ‘ i n c h  square piece mcI
extract , d issolution of the residue in a small vo lume  uif skin and suhcutane mi us connect ive  t issue sur rounding
methanol and ITLC in different solvent system s the Mite cif inject mm and h mi m c ugen iz ing in (i ,5 S H CI to
(Misra et a!., t973b ) demonstrated a single peak of give a 204 hom ugena t e and extract ing th e sample a c
radioactivity coincidental with the cocaine spot oh. described pr ev iu uusty.
tam ed by iodop latina t e spray. A fur ther  pur i f ica t ion  Acute animals experiments. Male Wi star rats
of the residue fro m the cvc lcuhe xane extract  in the weighing I Ii )  to 16(1 g were injected intra s, ’n cmu st v with
assay procedure was done for the ident if icat ion of an 8 mg/k g dose of j tH lcocaine The subcu taneous
cocaine , The residue from the cyctohe xane exiTact dose (20 mg/k g) was injected in the dorsal area above
was d issolved in 0.1 N HCI , the aqueous acidic the right hind l imb ,  After appropriate per iods of t ime ,
solution was extracted with cyclohexane and the the rats were lightl y anestheti zed with ether . and
organic phase discarded. The aqueous acid p hase was blood was drawn into heparin .mreated Vacutainer
adjusted to pH 8 to 9 with I N NH , OH and re - tubes (Becton Dickinson & Co., Rutherford , N . J . )  by
extracted with cyclohexane. The residue fro m this cardiac punture. The p lasma was immediately sepa~
cyclohexane extract was dissolved in a small volume rated i-y centrifugation and quickly frozen. Brains
of methanol and cochromatograp hed w ith 5 to 10 9g of were removed within 3 to 5 minutes after ane sthetiza ’
nonlabeted cocaine to provide additional confirmati on Lion , rinsed thoroughl y with ice.cold 0,9” saline ,
of the identity of extracted cocaine , blotted wi th  Kimwipes  t issue paper. weighed ,

Spec ificity ofth e extr action procedure. The spec . wrapped in aluminum foil and stored frozen until
ificity of the above procedure was evaluated by analyzed. Known weights of tissue were homogenized
extraction of urine , plasma umr tissue homogenate of in 0, 5 N F I C I to provide a tO”l hon iu ugena t e , and 2-mt
rats , injected subcutaneously with a 20 mg/kg dose of ati qu u uts in dup licate were analyzed as previousl y
l’H lcocaine . using thin . l a y er  chromatograph y of the described , Plasma samp les were diluted t ;5 wn i h
organic solvent extract and radio scanning of the di n ci i l l ed water and similarly analyzed.
chromatograms )Misra et a!., t 973 a1 . The polar me- The urine and feces were collected in meta boli sm
tahotites benz civl ecg sn nine , benzoy tnorecgonine and cages over a period of I week after injection , Diluted
ecgiinine were not extracted in significant quant i t ie s  samp les 11 : 5 )  of urine or fecat hom ui genates in 0.5 N
(tess than t % t. Norc’ ocai n e, a hig hly lipop hitic corn- HC I were analyzed in duplicate as described previ .
pound wh ich has been sh ,uwn )Mi sra Ct a!., t974 h , ousl y ,
Misra et a!., 1975) to be a pharmacolog ically active Chronic animal experiments. Rats were given s.c.
metabotite of cocaine in rat brain . was quantitatively injections of 20 mg/kg of non labeled cocaine twice
extracted by this procedure , Thin ‘layer chromatogra ’ daily for 3 weeks , then the same dose ui f I ’H lcncai ne
phy of extracts muf brains of rats injected with a 20 twice daily f u r  2 days before the terminal injection of
mg/kg subcutaneous dose of I 1H kocaine and removed same dose of labeled cocaine (five tota l labeled
0.5, 2 , 4 and 6 hours after injection showed that cocaine injections were admini siered ) ,  Hlood and
nor oica ine consti tuted 8 to t2 °1 of the total values i t ’ tissue samp les were cim l le cted at var i i ,u s l i m e iniervat s
cocaine in brain nn the acute experiments and appr ox. after the last  injection ,
im a t e ly  In to 2 i)4 of those in brain ru the chronically Apparent partition coefficient l’H lcocaln e in
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1’ABLE I

ZJi .str ibution of cocaine~ in c’arioua tissues of male Wistar rats after a single mat rai’enou.s injection of 8 mg/kg
(free base) of ItHlcocaine

Tissue cmr Fluid 0.2.5 Hr 0.5 Hr i Hr 2 Hr 4 Hr

Brain5 7.27 ± 0.18 2.74 u 0.63 0.92 (( 13 0.21 0.05 0.01 ± 0
Spleen 12.84 0.86 7.34 ± 0.91 3.62 0,4 :1 0.52 0.15 0.06 0 . 01
Kidney 10.81 0.67 :1.46 1.21 1.39 -f 0,34 0.37 0, 07 0.08 0
Lungs 8.80 ± )).37 3.77 c 1 , 1 4  1 .4 11 0,24 0.51 0 .12  0.10 0, 01
Testes 6.75 0.36 4.78 ± 0.66 3.64 ~~0 . 78 0.90 , 0,17 0.05 ± 0 . 01
Intes t ine  6,71 ± 0.56 3. 01 ± 0.6t t . 31 0.27 0.45 ± 0.18 0.03 ± 0. 01
J. iver 3.42 ± 0.64 1.07 n O . 15 0.81 ( ( ( 5  0.29 , 0.04 0.12 ± 0.01
Fat 3.48 ~ 0.15 2.30 ± 0.59 1.63’ 0.2 1 0.05 0.01 ± 0
Muscle 2.98 ± 1) 10 1. 32 ± 0.25 0.59 0,1(2 0. 16 , 0.03 0.01 ± 0
Heart 2.76 , 0.23 1.22 ± 0.25 0.44 n O . 08 0.12 0 ,03 0.01 ± 0
Pl asma 0 , 61 ± 0.06 0.30 ± 0. 09 (1 , 1 1  ± 0.01 0.03 ± 0.01 0

Da t ci represent the mean value - n S . E .M.  (micrograms per gram of wet tissue weig ht or milli l i ter s of fluid ) of
three cm nima l s at enm~ Ii t ime per imd .

Norcocaine constituted apprm xin catety 154 of the t iut al  values expressed as cocaine in the rat brain at
different times. As ment imuned in the section on specificit y of extract ion procedure , norcocaine was not present
in other tissues p i m n c s i t u l v due to i t s  rapid t ini m i ran s fn rmation to the pt tar metabo l it es henzo ylno recgon ine land
n o re c g um nine ( .

This value represents the mean fr ui m duplicate determination s (ru m one animal only. Samp les from the
other two a n imals were lost in anal ysis.

l-octanoVO .l M phosphate buffer , pH 7.4. The perim d m t  :10 m inutes . Af ter  the injectimin of drug. bile
part i t i t un ciict ’fici e n t was det ernmined at cu> ncentra -  samples ( ( ( 3 -11 .5  ml l  were collected every :io minutes
lions ranging between 0. 1 and 1 ag /mt in buffe r at uw er a pe n iicd iut 2 to 3.5 hours , These samp les were
am lu ieni iemperature by essentially the same prm ic e- di luted w i t h  water to a measured c’mu lu me and a liquots
dure de scritmed previousl y ( M i s m a  i t  a!,, 1974c) . were a nat y .’,ed for free drug and tota l r a d i oact nvc ty  by

Bi nding in i’mtr ~ of I c H l cocaine with plasma methods described abmuve.
proteins from acute’ and chronically treated ’ rats. Metabolic studies. Pooled urine collected in me~
Two-mill i l i ter  atiquot s nu t plasma containing known taho lism cages fro m five rats each injected with 20
conce ntrati inns ut I ’H I cuw -aine in the range 0.1 to 1 mg/kg s.c. of [‘H [cocaine was filtered throug h a p lug

~g/ml were mra uno ferred i mu cellophane bags and ul -  of glass woo l and repeatedly passed through a column
trafittered by centrifugation using Amicon ul t raf i l t ra -  of Amber l i te X A D - 2  130(1 . 25 mm ) .  The column was
t hi n supports  )Am icon (‘ m i rp i i r a t i o n .  L e x i n g t o n .  washed with 1(X ) ml of distilled water , unadsorbed
Mass I.  Radi mia ct iv i t ~ was determined in 0, 1-mt a t i . radioactivit y and waterwashings were combined and
qi ,muut n .  cu t solutim i r i  bef mmre u l t raf i l t ra t ion and in f i l trates lyu cp hi l ized to a residue and designated as fraction 1.
using 10 ml of Aqua sot solution I N ew Eng land N a -  The ads uurhed metabo l ites of cocaine were eluted with
cl ear C orp ,ur a ii i n ui . B,uston . M ass . ) ,  methanol until the eluant showed l i t t le  or no radioac-

Biliary excretion of (tHj cocaine and its metabo- t iv i t y .  The etuate was concent rated to a residue under
lites in the rat. Male Wistar rats 1180-35)) g) were reduced p ressure and design ated as fraction 2, These
anesthetized by an intraperitonea l injem ’ti uu n of a 50 two fractions were resolved into different metabo lite ,.
mg/k g dose of sodium pentoharhital , the abdominal by sequential thin . ta y er chromatography as shown in
cavity was mipened by midline incisinun and the bi liar y th e flow chart If ig.  11 .  C u mc ’hrm matography with au~
duct was cant i utaied using a 2.1-gauge hypodermic thentic samp les in different sc lven t systems (Misra et
needl e at t c ich ed t ul a 10-inch length mit potv (hene a!., 197Th) established the identity of cocaine , hen-
tubing Dow Corning, Si l a s t ic  brand , ( ( ( ( : 1 - inch miter-  zoy lecgonine , henz mvlnorecgon ine . ecgonin e meth yl
nat d i ame te r  and (( . 065.in ch muuter d i ame te r ) .  Prior i i i  ester and ecgonine. En zymic  hydrolysis experiments
the  intravenous inject ion mu f ‘H fr’ui ca ine ( ‘u mg/kg). a w i t h  $ .gtucur ui nida nm e and peptidase on unident i f ied
bla nk samp le of bi te  (1) 3 - 0,5 m I l  was c’u n t tec ted  ,iver a polar m etabo l i t e s  provided suggestive evidence of the

— ~~~~~~~~~~~~~ - -
~~~~~~~~~~~~

— absence of co njuga t n m n n in these polar metnbo lite s ,
* Blood was collected in hepa nm n treaterl vac ut a m ner

tubes by cardiac puncture 4 hours after s .c. inject iu un
of 20 mg/kg of nonl a heled cocaine in acutely treated Results
animals and 2 hours after injection in c hr mi nicm i l lv
treated rats and was immediately centrifuged t~i Acute exper iments. 1 he results on the dis-
sep um rate ihe plasma . t r ibut i cun of [3H Icoca ine after a single 8 mg/k g
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intravenous injection iii male Wi st a r  rats ap- cain e in I-octanolJO.l M phosphate buffer ,
pear in table I . The peak levels u t  cocaine i i i  pH 7.4. The apparent par t i t ion  coeff ic ient  m) fC O -
brain. plasma and other t i s sues  micc ’urred w i t h i n  caine in the cm unt ’entrat i mm n range of (( .1 t (i  I
0 .25 hour .  ‘[‘he h ighest  c o n ce n t r a t i o n s  m i t  pg/m I was 7.6 0. 1 ( S E M I .
[3H Jcocaine were iubser ~’ed in the  spleen f ’ol -  Binding in t’i tr uu of [3Hlcocaine with plasma
towed by kidney , lungs , brain and testes . (‘(in . proteins from contro l , acutely and chronic-
cen t r a t cu mmis  Im iwer than these were a t ta ined  in afly treated rats. The values of mea n percent-
liver anti la t .  Muscle, heart and plasma had s i i l l  age b inding  ± S . E . \ 1 .  wi th  plasma Proteins
lower levels ot ’ cocatne. These levels declined from c m un t r u u l . acu t ely ‘snd c’h rum ni c a l l v treated
sharp l y and the levels i i i  t ’mx ’aine 4 hours al ter  rats at amb ient  iemperat  ore (25 C were 33 .4 ±

inject imun were very low in brain and absent f ’r t m m 0.8, (S , h 4 .1 and :14 , -I ( ( , ( , respec t ive ly .
plasma and cuimp lete l v  disappeared from bra in . Biliary excretion of (3H cocaine in the rat.
heart , muscle , testes and tat 6 hours a f t e r  The b i l iar v excretim in n u t  [3H Jci ica ine and i t s
a d m i ni s i r a t i m n n .  The values in spleen , k idne y . me t ah iu l i t es  a f te r  a S  t og- kg d m n s e  by imuiravenmi ci s
lung s , in tes t ine  and liver )i hours after  i~~, inject ion in male ~Vis tar rats appears in tabl e 2 .
injec t ion were ( 1 .1(4 , (t .06 , 11.1)9. 0.03 and 0.09 t ‘nchamiged ccu (~1t ine was exu ’me i  ed in t h e  b i le  in
pg -g . respeci ivelv . No persistence of cocaine ~‘er~’ sma l l  a m i m u n t s  ami d u n I v  ( l. ) ) 4 ’  i i i  t h e  dose
was observed in rat bra in  w i t h  t h i s  dose. The wa s excreted in :1 .4 h m uur n .  ‘l ’he ex c r e t i u i n  mit  t h e
approximate ha t t’.lives m i t  [3H cui ca in sm in rc mi  t o t a l  amount of r c mdi m n , i n ’t R’iiy (cm i tiipris ing me—

brain and plasma were f u u u n d  to he (( .4 and ( ( : 1 talsilites u m f c i i c ’a in t ’ ( wc ms h i g h  ai ft.”, amid (( .5 t i m  I
hour . respectivel y. hour  cuil leu ’i  im u t i  amid gradua lly declitied there-

After a cimnvulsive duise of cu s - a im ie  I I ) )  m g - k g  a f t e r ,  ‘l ’he mean per cemitage mit  i he t u i t  al amoun t
i v ,)  ii the rat , t he  levels of cocaine in b ra in  and ui f r a d i u u a c ’ t i y i i v  exc reted in b i le  w i t h i m i  :1 . 4 h u m u rs
plasma were :14 and 4 pg/mI, respectivel y , was :lb , O% id the administered dose.
wi t hin  I i i i  2 min t i t e s  of inje t’ t imi n.  Th e f ’i i r mui .  Comparative rates of disapp earance of
t i on of n cmr ( ’uic aine as a m e t a h u i l i t e  u n f  c ’oc’aimie in I3H lcocaine from s.c. site in acutely and
rat b ra in  w i t h i t i  I tui  2 m i n t i l e s  a f t e r  a c onv u l .  chronicall y treated rats after a 20 mg/kg s.c.
sive dose u I cocaine (10 mg/kg i v . I has been injection. Data in the compara t ive  rates of
described ) Misra et a!.. 1974b1 . d i sappea rance  m i t  c n u c ’c i imie are give n iii t ab le  3.

Apparent partition coefficient of [3H J co- Ni ,  s ta t i s t i c a l ly  s i g m u i f i c ’ant d i f f e r e n c e s  were u ib -

‘l ’AHI. E 2
Bm lmar s exn ’r etuu un nn / ‘Hj c ’uu u ’amni’ and nt ,u mi ’tohm, h f u n ,  after a .5 mg/kg dnm.s’e i i ’ .i, ’ . i i ’m mal i ’ (5 i, ’tar rots

Data represent mean values uuf ’ det ermmnauiiim s f’ruum two anima lu . The experiment was i e r m i u i a t e d  3.5 huiurs
after in jec ih mn.

H i t l c i r s  tt x u ’reu mmm i cu s S t i-rn i n n  l ug,’ it I i n m ~ u ’ un \ ‘ . n r n . n n n ’ . l’ nnme In m eruz mt s
- - —- - Total

lm nI7Fl r ui/S ( Fir  I - “ h r  i $ m - 2 H r  1 2/S tIr 2,2u - ;iH r :i— :i % Hr

Free c’ocamne 0 .01 fl )i2 0. 111 i rc m n ’e s t r a c e s  i r c m c ’ u’s traces (1,1(4

Tot al radium- to , :l 12, ) 5,0 :1,7 2,8 1.1 i .0 1(11 , 11

act ivitv

T.AI3J.E :1

!)msappearo n c i ’ ! m ’ uuc airi e” f r u m m  ‘hi ’ mnju’ c t m u urm si t u ’  a f t e r  a 20 mg/kg  ( f r ee  has, ’ ( ,cuh n ’u ta n eo us n l u / m ’n O Of l  of
-‘H Iu ’u uc ainu ’ in oc ut  clv and u ’hr in n uu’al!s  tr eat ed5 mo/ i ’ Wi.s fam mat .’.’

M u ’ , m n i t m , ,  m ’ n , n .in .’ u ’ m m i Aulumn n ,m i — u n — n t  t i n — i ’  l t c n m c u n u u u m n g  mm (u i ’ in jeu ’ u u m u n Si t u’

I i  2 F i r  I Hr 2 Hr - ) F i r  I n t i r  12 Hr 24 Hr

Acute  :t l , 8 , 2 , 2  2 7 7 - 8 2  1: 3 : 1 . 1 8  ~~~ n t , S I i ; , n : t  0

Chr u ,nim ’ -11) 11 5 . 7 2( 1 8 n 2 ,5 (1 ,7 , I A ~ ( 1 %  m :1 I i )  u 1, 11 0 ,2 , 11 .0 Ii

F ) a t a  represent t h e  menlo ~‘ui lume m S E \ t  mt l o u ’  in imiuci l s  at each m ime  , u ’ r m n n n l
t hese animal s were gu v em u a s .c . in ) ec uu min of 2(1 mg/kg mit m ’m i u ’ ,m n uu u ’ twicu’ d c mnl ~ l m m r  21 days , then  wi th  same dose

mit  I I I  I c o c mn mi c  t w ic - i ’  da i l y  l i n t  2 days h e f , m r e  t h e  t e r u u m i m i a l  i mi i ec ’ i iu un  of ’ l i b e l e d  i l r u g
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served in the relative rates of disappearance of’ liver resulted in lower levels in this tissue. An
cocaine in the two groups. abrup t fall in the levels of cocaine occurred after

Comparative distribution of (~H 1cocaine in 4 and 6 hours resulting in very low levels of
acutely and chronically treated rats Data on cocaine in brain , testes and plasma at 12 hours
the compara tive distribution of [~HJcocaine in and the dru g was absent at 24 hours . High tissue
acutely and chronically treated rats after a ‘20 and low plasma levels showed that cocaine
mg/kg s.c. injection appear in table 4. In acute possessed a marked a ff ini ty  for the tissues
animals, a characteristic pattern of a gradual examined.
increase in cocaine concentration to a peak at 4 The peak levels of cocaine in brain and
hours was observed for plasma , brai n and most plasma of chronica lly treated rats occurred
tissues with the exception of heart. Peak levels between 1 t i m  2 hours after injection.  A shif t  in
in heart occurred within 0.5 hour and in fat 2 peak tissue levels of’ cocaine from 4 i i i  2 hmiurs
hours after injec t ium n. Metabolism of cocaine by and p lasma level s fro m 4 to I hou r occurred in

TABLE 4
Distributio n of cumco ine~ in i.~ariu )m4 5 f j s s u es  of acutel~ and chronically treated’ male Wi sta r rat s af t er

subcu t a n eous inje cti on of 2)) mg/kg (f ree  base) mnf I’H icoca ine

Ti,,s’.me An nun
cur - ‘ — - - - -——-~~~ - - - - —- -—-—- - --- — — - — - -  — — - - - - - — -—

F lu u m I i i .5 Hr t Hr 2 Hr 4 Hr C II ’ t 2  Hr 24 Hr

Brain 2 2 4  0.28 2 :t2 * 0.21 29+1 0.20 3 .44 a. 0.36 (( . 49 0.19 RD5 0
Kidney 148 (1.29 4 :13 ± 0,25 5.20 ± 0.48 6.46 ± 0.38 11 , 77 0.35 0, 08 ± 0 0.05
Lung 1.42 0.30 4.53 ,0 . 38 4.32 ± 0.27 6:35 0.8:3 1. 15± 0.44 0.09 0 0.1)4 , 1
Spleen 4 :34 0.84 2.72 1) 24 .~( 88 ,. 0.44 .1 :12 0 :17 0.72 a. 11 ,27 0, I : t  o u t  0.05 0
F~ t 1.58 0. 1 7  1.62 ~ 0. 25 ( .2 : 1 a. 0,64 2,5 .1 ± 0.19 0.43 a. ( 1 ,10 0 1)7 ( ( l i t  0, 03 , ( 1 ,01
Testes 1 :17 , 0.25 1.98 ± 0.25 2.99 0.21 3.85 0.33 1 .17  ± (3 .28 R D 0
I ntestine 2.09 m 0.29 2 2S ( 1 , 52 2.87 a. 0.39 3,4)1 , 0.38 0.56 0.19 0.02 a. ci 0.01 a. (I
M uscle 0.68 n 0. 11) 0.98 0, 06 1 3 4  I ) I S 1 , 4 8  , ( 1 . 19 0.26 a.- (1.08 0.02 m I) RD
Liver 0.49 u 0.23 0.75 n, Q. 09 0.93 5 0 , 1 9  1, .’33 s ) ( .22 0.27 ± 0.07 0 . 1 1  a. 0.01 0.06

~‘f~art :1.67 0.54 1 .37 5 0 . 18 1.25 ± 0.10 1. 06 a. 0 .12 (1.28 a. 0 . 1 1  11 . 01 a. 0 0. 01 ± 0
Plasma 0.25 0.05 0.38 0. 03 0.45 ±11 ,1)7 0.49 , 0.06 0.08 a. 0.04 BD 0

Tissue C hr , in mc’
Sir ———‘..—--. - -—-—— --‘— - .— —.- ~-. 

Fl u id 0.5 Hr 1 Hr 2 Hr 4 Hr ( ( Hr  2 Hr 24 Hr

Braind 1.31 ± 0 .16 2.41 , (1 .27 1 , 05 a. )) . 14 1.79 1) 22 0.49 ± 0.05 0.08 ± 0.03 0.03 ± 0
Kidney 2.21 , 0.27 4.72 , 0, 66 5.59 0.40 3 :32 (1,42 1.3(1 0.10 0.48 ± 0.03 0 4 2  ± 0.01
Lung 2.47 , 0,45 6.85 , 1.80 5 . 84 , 0,68 :3 .29 ± 0.41 1.21 0.05 o.~ :t ± 0.12 0.22 a. 0.0 1
Spleen 2.86 0. 54 5.22 , (1,49 5. 56 0 . 57 4. ))2 a 0.54 1.49 a. 0. 1 2  0.56 ± 0.06 0.40 * 0.02
Fat 2 :17 ~ ( 1 .59 3.49 a. 1) 50 6,1 0 , 2, 2.1 1 )30 , 0/3 0 3.2 1 ± 0.25 2.39 , 0.13 1.24 a. 0.2 1
Testes 0.62 , 0.08 1 8 7  (3 , 1 ( 3  2.57 , 0 .18 1,95 a. )) .32 0. 72 ± 0.09 0.04 0.01 0.03 ± 0
I ntestine 1.19 a. 0.09 / , :(S ,.u , 35 2.96 ± 0 . 30 1 , 1 7  a. ( ( , (2 0. 59 a. 0.07 0.12 , 0.01 0.06 a. 0
Muscle (( .48 , 0.06 )) .8$ , 0.07 1.28 u 0 . 10 0.79 * (1.08 0.47 , (1 , 05 0.22 , 0. 07 0.07 a. (1 , 02
Liver (1 , 54 , 0,03 1. 05 , 0,18 1.25 , 1 , 12 1,2 1) 5 11.17 0,72 m 0 . 02 0,43 ± 0.0:) 0 ,28 0.02
Heart 0.9 1 )) . t 7  1.56 a. 11 :17 1.80 ± 0. 14 1, 04 a. 0 .1)9 0.36 a. 0314 0,08 ± 0 0,04 ± 0
Plas ma 0. 15 0.0:3 0.50 0.10 0. 38 (1,08 0,2 1 * 0, 02 0.07 0.01 0.01 0 RD

“ Data represent the mean value .+1.E . M ,  (micr ogram s per grnm ofwet ti ssue weight o r m i l l i l i t e r s o f f l u i d ) o I
• five animals at each time period.

‘The animals were given a 20 mg/kg dose of cocaine s.c. twice daily for 21 days, then the same dose of
randuumty labeled [‘H Icocaine twice daily for 2 days before the terminal injection of the same dose of labeled
drug.

‘R D denotes barely detectable levels of drug.
Nui rm ’is ’a ine consti tuted app ruu x imate tv  I0~’u of the total values of cocaine in brain in the acute and

approximatel y 10 tum .j)3 n ’; o those in the chronic group (see sect ion on specificity of extraction procedure ). Its
presence was not demonstrated in other t i5 sue ~ possibly due to its biotransformation to polar benzoylnorecgo.
nine land norecgonine).

~~~
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‘I ’ABL E S
Brain/p lasma rat mins of the mean cmu nm ’entrat iumns m f I ‘H It nnn - cmm ne a f t e r  a 20 me,’ kg I / r u - u ’ h aS, - I su hc utan eou,s n n r

mg/kg ) f ree bas e)  intra t’enous inject ion in acu tel ~ and u - h r n mrmmcal1 ~ tr eated ru m a !,’ V,’i .s t ar  ra t s

H ra m n/P ia sma 025  Hr 11. 5 Hr I Hr 2 Hr 4 Hr ii lit  I 2 Hr  24 Hr 4$ I t s

Subcutaneous 9. )) 6.1 +3 (1 +3.9 6.2 2
(acute)’

Subcutaneous 7 4. 8 5 I S .C 7 .4  7 ) 3  4 ‘1 l . a.

(chronic)’
1 n t r i ~ e n m m c i s  11.9 9.~t .5 . :) 5 I

( a c u t e (

A single s.c inject i turm of 2(1 mg /kg ( free t in sel mt ‘H m m m i  a n n e  i s i m s  g I v e n in th ese  at ’uie exper iments
‘The animals  were given a 2(1 mg kg dm us e ml u ’ mms -a umie s.c. twice  daily fm mr 21 day s . then  the  same dmm se of

[‘H cocaine twice daily f i r  2 da~ s b e lmure t he  t e rmina l  inject mmu n mit labeled drug. Hlma u d and brain were collected
at various t u n i c  inter ’, al a.  a t u m ’ r  t h e  last i n l e c t iuun

the chronic group. In chronically treated rats. 23) h u mor s , a va lue  s i t u m i l a r  l i i  t h a t  f u r  u m t h e r
cocaine was not detectable in plasma 24 hours tissues in the chrmuni c grump.
after injection and bare ly detectable levels ‘I’he data tin hrain plasma ra t io s  nit  cocaine in
of extractable radioactivity were present in acutely and chron ica l l y  t reated groups af ter
hear t and testes at 48 and 96 hours. ‘l’he mean subcutaneou s and iv. injections are given in
values (micrograms per gram) of extractable table 5. The values were, in general, u+omewhat
radioactivity 48 and 96 hours after suhcutane . higher in the chronic group u ’uumpared to the
ous injection were as follows: brain 0, 1(4 , 0 .1)2: acute gro up except at I hour  when peak plasma
kidney (1.28. 0.08; lung 0.15 , 0.1.3: sp leen I I , 1-3 . le vels md cocaine were a t t a i n e d  in the  chronic
0.13; fat 0.73 . 0.66 ; int estine 0.1(5 , ( 1. 1)4 : n iusde group. The brain-plasma rat io after a single
U.13, 0.04: and li ver 0.13. 0.07. respectively. The intravenous injecti uin 18mg/kg) ranged between
comparativel y higher levels of extractable rim- 8 and 12 (table 5).
dioactivity observed in fat declined very slowly Excreti on. Comparative data on the excre-
over a period of 4 weeks to 0.18 Mg/g. In sp i te of lion of free cocait e and total rad ioactivi lv in
th e high li pid solubility of cocaine , the re la . urine and fet es . c ’m mll ected over a period of I week
tivel y poor blood supply to the fat depots slows in acutel y and chronically treated rat s after a 20
the transfer of cocaine from blood i m u  fa t .  How . mg/kg suh cutane um u s injection of ring-labeled
ever , at 2 hours after injection , enough cocai ne [‘H [cimcai ne , is presented in figure 2. The per .
is finally transferred to bring the  fat  depots in centages of the dose excreted free in urine and
both acutely and chronically treated an ima l s  to feces mit ’ acu t e l y  and chronicall y treated animals
their equilibrium concentrations, The equili. were 1.2 and 1. 5, respecl ivelv .  w i t h  the  max-
bration of cocaine in other tissues of the acute  imum ex cre t i imn occurr ing in both groups within
animals occurs only after the a t t a i n m e n t  of ’ this 24 hours after injection. Total radioactivity
equ i l i b r ium in hear t and fat , excreted in u r ine  as a percentage of the dose

The prolonged course of absorption from the admin i stered in acutely 49. :u~~ and chrm mn i ca ll v
subcutaneous injection a. i te  (table 3) and the treated rats ( 51 . 0 - ;  I was also similar , hut signifi-
redistribution phenomena occurring during th i s  cant differences were observ ed in the groups
p hase c(imp licates the pharmacokinel its  of cti- relative to the excretion of total radi oactivity in
caine , and only an approximate est imate of i t s  feces, i’he values in th e chronic group were con-
h a lf. l if e in brain and plasma of acutely and sislently higher (35. 9 1) than that in the acute
chronically treated animals could he made on group 122. l” m ) ,  Cumulative total r adioact i’. i tv  cx-
the basis of the present data. The ha lf . l iv es of creted in urine and feces m m) chronically treated
cocaine in brain and plasma of acute animals rats was sign ificant l~’ hi gher (87 .5’? I compared
are 0.8 and 1.0 hour , respectivel y, that in brain to that in acutel y treated group ) 7 l .4~~) .
and plasma of chronically treated animals 1.8 10 ldentiflcation of urinary metabo lites of
2.0 hours. The half-life of cocaine in fat of both [‘Hicocaine . Column and thin-layer chr omato .
acutel y and chronically treated animals is 1.8 to grap hic fract ionation techniques and rad inscan . 
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t m u m n  ( and , i n am ldit m u t t ,  ~it l east  t s ~ m m  m n t h t ’ r  li v
_______ d r m m x v l a t e u l  pmm t a r  n m u n p h e o m i l i m .- m e t a } i m i t m t i ’ —  E um -
O’~r!”J ‘‘A . “ -~. -- ~~~‘ . ‘ ‘ zy m i c  h v d r m m l y s i s  W i t h  d ’ g l u c u r m m n c m 1 ~msi ’ , su l lat -

- - ~ .._ a.~ - a. i  m “ aa.e at id pe pt idase turn ished nd irect ev i de nm ’e

- .~ ‘ .~‘c - a ’ N  th at  g l u m ’ u i r u m t i m d e ,  s u l f a t e  m r  at t lm nmu ~n’id u ’ m m u n j n i g , m
S ~~~~ 

~ t i m m n  m l  h y d r m m x y l a t m ’ u I  i i e l a l i m u h u ’ s apparentl y did
- , mit m a c o r .  ‘ft c $) m m~~~n l m i l I t~ t hat  s m m n I t ’  ml  t h e m m t h c ’ r

unidco tifmt ’d m el ,mlnm m I m t & ’ ~ mas m r u s i ’  is a rt  t a m
— • m m )  t h e  I r i i u  t i m  mm m i i’m p rmmn ’t’ulmi r c cm m ul d  o mi t  l i t’

-

~ 

c m m n u p l e t e l v  ruled m u !  - ‘ l ’ Ftm ’ k rmu u ssn  and h s p u t  be t -

I c a l  tnet a ( m m m l  mc pi t t  k n s  ~~ n .1 c m m m .’ ’,i nu cs - in hcm rat irk -
g n u  ( t i  I l l  l n ~~i i r t -  t l ,

~~~~~~~~~~~~~~~ L.4J—~.----.~_1~ 
DIsL U ssion

- hi v i m’ ’a  mt t l i t ’  m i l k  t’’~m ’ la. i m t  u m m t ’ l m i , i m ’  a p p e a r in g
“I - in ~m las uu ia ar ud  ( i r i m i u m . mm - m’un - .j t 1 k m ’  nut’! h u m )  In  mr  i b m ’

—. - —
~ u’ st l i i i  , i  m m i i  1 I ~~ ( ‘mi ( ’ . i m t i ( ’  I r m m i i i  I i  I m m l m m g  u - m i  ni~itu -

— i o i ls  \\ ms ilt ’~~i ’ I u i t mi’ d k%h mu ’h ~m rm n s dccl i ( l l i i i i t i t . m

- tive r i ’u’ i n ’ , m ’ r I m’’ — ru the I I I  t o  I l l  uug rimu mg (’ , I t u
p r ( ’ i i r u i l t l a r v  e x p i ’ r I n i e r u t s . o h m  s m g n i t i u -a ru l  n l i l l c ’ r
cult -s’ s acre m m l u s e  rvs ’m) in vat smea. ml I ret’ i’ m m m ’ a n  oc ui

~ ~
j,jj_,,. . • • •  t i s a . u i ’ — ii u i i I ~ either r a r i d u m u t i l y  3iulmt ’ l ~’cl or rm ii ~

— lab eled I 
m~~~ Jc’mm c ’a m n e.  Ra i i dm m m l v  labeled afl [co

caine . w h o-I t was  i s m m t m m p u u ’ at l v  st~ m ( i I , -  i tt  t i i ’ m n
- •“‘ ‘ ‘

‘ ‘ ‘ -“ and i_ m ad a hu g h  — ) u c u - i ( m m ’ a m ’! I ’ i t ’ u - was  there-
I - i n ,  2 l ( . m m . i  r m - 1m r , - — i ’ l l i  t h u  mi ’ . n , n  m m- r , - n i t , n i , - u . I t m u r p  used in u ’ m m l i i ~ i l n r . m t c i ’  I i s s n ~~’ distrihu-

, m i t i m n i m m i ’ .ut’r t ’ul  m l m ’ s i  m l f l i i~ n h ,  m l  t I  ] u ’ m m  n I h  r ’ t m u m r t (‘\p eruo uu’u ut s ~‘- ‘ v t i l h i ’ s i i m - n l  rio” i : m h m ’ j m ’ n )
‘ ( m n - m I  u s  I n , - ,  . ‘ a .  m m i i i  m m m l  ‘ . i n i r . i d , . . , i , n m  ii n . m

the n m riu u m ’ t i n  m m 1  I , ’ . , ’ — ( (‘ I ’ ll ml I s ,  m m m l i  r , m t s  m f ~ m m l i  m i i i , ’  ml  l m m c v ’r s l n m ’ n i l i m  i i i’, t m  ( ( . 1 —
m’~ im Ii ui u h m ’  m m I ‘I n n 1 m ‘ T o l l  ‘ n i l ’ ,  n ,- , m m i ’ m l  gr u m p  Flu , ’ i hm ~~m ’ r u  l m i r  ( ‘u m i i n p . i r , m t  c m ’  m ’’,u-r (-t m m i i  a.! ud me s i i i

m i i n i i i , n i -  am ’r m’ g i s  ‘ i i  a - i n i ~~I i - m u m u l . u m  m m ’ m . m  i ru 5’ m t u m m u m  n i l  a&’uitel ’, alum ) u - hrmmu m im ;m ilv t r ea t e d  r u m i s  n m - n  .mmm ~,’ m l‘ I I  r ing  m . ’ m  i n , ’ , - m . i s u ’ ~ ‘ m l  m m m m  m l i i i ’  i i i  t l i , ’  mm i i i ’  g r m ’ m i ) m  l uu - 
-i l i u m l i r m m i m i m  .,3’, i n- n o ’,) g r m m m o n , u),, . m i m i i u , , u l —  c s , ’ r m ’  go -n tIme in t o n i  m e t a ) n m m ) i u - I ah u l i r v  m m )  h e n i ’u i v l  and

m i m i - n n u n  ‘ m l  ‘ l l  ~ n g ‘ m l  n m m i . u i m i , ’  i S i i u i ’  m i ’t hv l  1 s t - n  g r m m i I ~ i_ w h i u ’h i n r u i u i d u m n i t v  l a i u t t c ’ ml
n t u m n l s  t n m r  / 1  h i m .  m ) n m ’ n  u i t l m  s , n i m i u ’  m l ’s, ‘ ‘ I  m u g  l , m l m m ’ I i ’ n l  a‘It m m m i  m i i i , -  i a n , ’  n I ; u i l ’ ,  I m m r  2 nt i s  — ( mu I r, ’ Cm ’ l i i i ,  I ~~ It’ mm uumi tie ) i u i ’ ,  i ’  hi—en a.h ,m sc’o ~k eroer and
i u i ( m ’ m  t i u m n  m m )  I u i ( m m ’ I ~’ m t  n l n mu g  I m u , ’ mim I (i ’m u ’ s ac re  m m m l  I a. n hlul in )t - I m i I , : i  I t u m  l i u m s u ’  417 , ~~~ 7 m ’ , ~,) t hs’ ! m i t u i l

t i n )  in  u i u , ’ u m l i m m l m s , u i  , ‘ins ’ — i l m m m m m u g h m ’ m n t  I i , ’  2 m h u s s  m i i i  n f _ J r a dum i ac ’t V i i ’ s’ m i t  (‘ ni i ’ u m lll(’ m im ls ’ c ’ u i l t ’a h m m t m ‘ t t i m m m n . m l u m , .  s c _ i —  , u m j m i , i m i j — m m r , - m I  m u  h i , -  I n n , .  m u m ’  - - -
g r o I n  U n - l i  m m / i  he ir c m l  n i - i r i - n . m  m m m i i  . n i m m l  i m m i , m l  .-~ I tm’r i t t  9 ( 1  m m ii m m ?  ~ tog kg m , v  ml n ’ m , u ’ , o u u i ’  n u t  t h e
r u m m l i u , ,m m I n s  i c m’± i - r m’ ~~’il u s .m me n , u ’ u n i , m g , -  ‘ m l  r h ,  m I sc n i l  r u m ! - thm ’ n i t al jmm ’ak li st’1 ’. it u P lOI ~t i l l l  (i5 ’t ’titu ( ’( l
urine m u o n )  I u’ u u ’ —. m m ?  I I i m m m u m n n  . u i m n i m m . u l —  r i - p r , - .. - n i t  ( n , -  i i i’~i i i  q ui u m ’kl’s is , i  nm ’ s u m t t  n i l  t n ’ — ’ . m i m ’  n i l ’ . !  nil m m i t m o mcc i  l i i , ’ ’. I rm mi i i  , n I i  i i -  i s  I ( m m — i - . . . .  I I _ u I n ,  , m i m , , m  i l  m u m -  ( i t  l i m ’ r
exu ’r,’t m m ’ r u  s , u l n n , ’ ’ .  ,m I l m ’ r  2 1  h I m .. ml l i n e  m ( m r . m ! i m ,  g n m m l i ~~n t a h m m l i a . t t u  and s m m r l i m ’  m \ m  n i t  m m i i  h i g h m~u u c l s m m i c m l i m t -

l oin ’ m m u m ’ r s . u l s  m I t e r  t h e  I _ u — i  m i l l S  I m m m i i  m m  I I t s  m m ?  m m m i ’ mi ~~’ I ml. m\m’ d an m i u m ) m m m n t a u i t  r m m l e  in i t — .
ml m ‘( m i n i  

rap id t’n tr~ m u u t n m  t h e  t u r utit u, (‘ou’amn e j i m m s — u ’ ss m ’d a
marked m tl i uiul ~ (nm t h u  t s a . i i , ’ s  m a. bmmrn t ’  n u t  b~

n in g  m , f  u ’ h r u n u t n u m t m , 2 r , n u i i s  from ~m m u m u l i ’ i l  l i rl u i m’ ml  r u t s  I hi ’ h ig h b ra in  I l l — u i . ,  r a t s  t a h i t i ’  m l  ‘I’h m ’
inj ected snil i ccitumnm’m mu ”l’s ‘~ ilh a 211m g kg m u st ’ il t ’rv thrmu cv t i ’  ‘ plu i s u t n : m  r u m !  to ut u ’ m n u ’ i i t ’lt ’  11 , 11 I , ‘~ 11 .
n i r u g  l ahum ’ t i ’ c i  “Ft Jcom ’aine fmi r ti ish t’ d c-s mdt ’ni’ , ’  f i r  de t t ’rm i ,u i ’d  cm i ii 0 ‘n f m  Tm t a g  ruml  i - m i u o ’ m ’ r i t r a t u m m n s  —

lh m’ t urm ’ -. ’u um i ’  m m )  ht ’n-t i m v i  i n  g u i  h I l t ’ , l i m o / m m ’, l i n m m r i ’ m  m ’ f  m ’m u cam oc ’  un mu i r  l u i ) m m m r . m t m m r s  - m g rm , ’t ’i l well a ith
gm mm t im ’ . m’s g i n  on tic’ run t h~’ I i - s t i r  a rid ec ’ gm mtu i  t im’ m ’. t h a t  ) 1 2 I - I I I re 

~ 
tr te d s’ in icr by Win ida. * 1  a!

urinar y m e ’ t a h m m t i t m ’ s ~ r t t ; i l l  i t u i m m u I t u t s  m i t  uittnu’ I 1(151 I , N i  s l 7 t t i l m m  i t o  il i t )m’nm ’ tui i’s were n m l i s m - r ’ ,  ‘ i l
af suti,m’ d cmm caitui’ a ir ’- ; i l s m m  m l , ’ ?  I’ m t m ’ n l  N m m r  in plasrna .pr ,mtein i mu ui u )iu n g mmi i m u / h oc’ ti e ’mm nt rot .

u ’ m n m ’a i f l e  miii) t u m i r m ’ m ’g m m n l n i ’  cs’cni’ n mm tlete’m- ted u m —  acute 1  ~nd c ’ h rmi t u i c :ml I v  t r ea ted  ra t s .  In m a  n i l
u j r l t u i r ’ s  t f l i ’ t u i h i m n l u ? i ’ s m m ? i _ i ’ m  m i t t , ’ . ‘i mg g i ’ ’— t vu i’s i t h e  re l a t u s . ’ l s  snia ll plaa. t u u u m I m r m m t m m u m n  h i o d u t t g  k i l l

c t , ’ t m u ’m - t u s .  m , h t  mooe d I n n  t tue tmres, ’ro ’I ’  m i t  a plum’ mm ’s f m n r  i n  m a  m uu m ’ m ind ti m  iii uu m ; mt I ’ i l l  ml u - m u m  m m t i m
tim ,) m m tou t m i t t  l i t , ’  lm ~ t I t , ’ m i r m m r t u u i t  ui h v d r m m x v l a  - I m n i n u i i r i  l~ (my t i m  m i  r , n u i . . I m  ‘ r u i n . u t  m m i i  - 1 I’. m $u lma r m’ti t
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Ftc . :1 , ‘l’he k n u i w u t  and hvpmmth e t  cat mis t m l i m, l  it ’ par  hwavs m ,f m m  m m .1 h u m ’  in t h e  rat  -

that hinding mmf lipo i_mhi lic cocaine t o  t ma.a . u c ’s tn av injected s . h m l u u - t i t m m i u , ’ n m n i s i v  with 21) t og  ‘kg mt c m i -

play a m ore important  n ile in de t e r t o in i t ’mg tm. c a i n e .  N u , r n - m n , ’ m i n t ’  has t u r l  her bc’c ’li shum ’.m, ii 1 , 1  lI t ’

overal l  pharmac cmkine t k ’ s  t h a n  the p l a sma.  a p h a r r n a ( ’h l l m l g u ’m i t l v  a c t ive  n t e t a l u u u l i t e  n i t  cnn
p ro t e in  b ind ing .  Previous 51 c o n )  m m ’ . mn hi nul ing n t  ca ine  in I he’ b ra in  nI di ga. I m u cut ed 3 rtt navet ti ucisl~
cocaine t m i gu inea-p ig  s’as deferen s in i ’ i t r i m  w i th  ,i :‘n t o g  kg dn ia .c ’  ml [3H [co caine m A ,  L. \1 is ru m ,
(M a r k s  et a l, .  1907) shim wed cm m m p l e t e  u p t a k e  NI ~ Pate l , \‘ , H . A i ltin i , ~ .1 . Mule and I i K.
wi t hin 8 minu te s , w i t h  90’S o) ’ t h e  nadioact  iv i tv  N a v u i k ,  un p ub l i shed  r e su l t  sm and  u m i s u m  in the
bein g washed out a l ter  4 n iit i u t en m wi th  l i t t l e  bra in  m l t he  n i h m n k e v a .  i H aw k s  m m !  ci!. 1(4 7 - l i  Evi -
addit ional  washout occurring after 16 m i n u t e s , dent ’s ’ I u n Ih e fo rmat  i m m n  mmt i i ,  nm - I t u m u l t’ , hen/uI .
indi cating a specificall y hound cocaine fract ion. hug t t . t o  I n d i u m ’ s it t i ir s ’ c’giu n ln e  arid ce gmunine  a—

Bi l iary excre t i on s tud ies  showed t h a t  t ’iit ’a it ie nm et a )mi ,t it c ’s ml ( ‘ m m ( ’ u m m l h i  in n at ) n r , u u r t  a l te r  ati ifl~
was very r a p i d l y  m e t a h m u l i 7 e d  and u n ch a n g e d  j e c t i m m n  ‘ m l  2 11 t u g ‘.1 s m ’ , h u m ’ .  F i r m - s  in  m u sl~ been
cocaine was ex cre t ed  it ‘s’erv small am miu n t s  in reptlrteci I N i i ’ . r u l  m t  a!., I ‘I T 4 h l ,

bile. Ci m m p a r a t i v m ’  u r i n ar  mind fet a l  ex& ’ne t i im i i  in m f r  I l i v e r l  ttm m c m l  ns.mi nml en iv rn es  repmmrt .
s tudies  in ac u t e ly  and chro t u i ca l l v  t r ea ted  n u l l s  cd lv I H~irnu i s ’ A I i u m g m i  i l l s )  (‘hi nihmiga , 197 11 .
al so showed t h a t  m m n l v  1 I i i  1 , 5’ ’ of ’ t h e  dims e ’  was 1.eight s ’  and Fent mat ) . 1974 ) convert s’mm eai !ie t i m

excreted as u n n i e t a b m m l i / e d  c ’ in ’muluuc’ norc’ m ic ’aine and h et i i i i v le cg on ine .  Nmmrcm i c a in e ,
\miri ’m ,caitis’ w,ms m,hs~n’,’ed as a met a h i m l i t e  id h e t u z m m v l e c g m n t t i n e  stu d ) m e r t ?m i v l n o r e c g m u n i n e  were

cocaine in rat b r a i n  d u r i n g  t h e  m u n s e t  ml n s u n v u l  . sh m m wi i  I N I smut et a!., (ITS) 1 m m  have  p m i t e n t
s i i m n s .  a f t e r  ii  I I I  mg/ kg ’s’ , d n l s . 4 ’  n t  n ’ , n u ’ ; t i n e  )M i sr a  s t i n i u l a n t  , m u ’ l t s ’ i t s  m i t t e n  i t i t r a c i s l c ’ r l l m i l  i n j e m - t i m m n

et al,, 11)7 l ) i I , As mi -nt  i im n e ( l  earlier in the  in the rat . B en ,cmvlec gumnine and henzoylnorec .
s e c t i u m n  mut t  specifi city mm f extract ium n prum c ’edure. guu n ine .  hm i wes’er, did n i t  prm u duc e ’  observable
the hi gh ly  l i p i u p h i l i c -  n orcmmca ine  cons t i t u t ed  ap. ph a r t i i a c imk m gical  e f f e c t s  even af ter  high dmu st ’ s.
proximately t S ’ l  of the values expressed as (2(X) mg/kg) when admini stered svstemi caU ~ -
cocaine in brain mit rats injected tntravenm u us ly l’hese t w u m  p~ l mir  m~ t a l i o l I t c s  per simste cl in se
wi th  an 8 m g / k g dose ,m f 13H It’ m ,c ’ai ne and ot t ;. lected an ati mt nu i c m ir c ’mis t m ) t h e  ( ‘N S , m l  the du g.
proximately I ) ) ’ , u mf th ose in bra in  of r a t s  Ion~ a f t e r  the d isappearance  m u cmn’ai ne  a f t e r  a
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single 5 mg/kg intravenous injection of weeks with unlabeled cocaine would lead to
(‘ II )cocaine I A .  L. Misra et a !,, unpublished considerable tissue sa t ura t i i mn w r t h  cocaine and
observations (, Furthermore , these metabo t ites its meta bolites. Introducti on of a single injec.
formed molecular complexes with cal cium t ion of [‘H Icoca ine at the end of the chronic
(Misra and Mule , 1975 ) .  This molecular corn- dosing period presents . therefore , the problems
plexing. along with mobilization of neur ti na l of isotop ic dilution of the labeled dru g subse-
memhrane -h mund Ca ’ b~’ these metab mulites , quent lv taken up. with unlabeled drug present
may p lay a rumle in the pmmtent s t imulan t  act i v i t v  at many sites in the body of the  chrumni c a l ly
of these ciurnpuuunds observed in rats. after intra- treated animal . Thi s ccu u ld contr ibute tmm a
cisterna l injection (M i s r a  et a!.. 1975) . A l thmuug h lowering of values in the chronicall y treated
the highly polar character iii these compounds group especially at earlier t ime F )erimud s . Huuw-
prevented their pene t ratiu in through the h iom u d- ever, if ’ a s ta te  mit  equ i l ib r ium w i t h  respec t tm ’
brain harrier in adequate concentrati ons , dire ct cocaine levels within the c e t t r a l  nervous system
metab imlism of c’ocaine and norcoc aine in the and other tissues at a given t i m e  were to ex i st .
brain t i s su e  could lead to s ign i f ic an t  a m i m u n t s  cii then  t h e  free cm caine l i -ve ls  present in tm ssue s  i t

these metaho li te s  Li p id s iu luh i t i t  and penet r u m ch ru mnica l l v  t reated an ima l s  wmuu l d itu t luence the
th in t h r m m u g h  the  blood-brain  ba r r i e r  p la y an q u a n t i t y  of drug t aken  up after subsequent
impiur t a n t  rumle  in t h e  m u ’ s - i - r a t )  p ha rmacm mlo g ic a l  in j ec t i t m n s . Mul t ip l e  inj ect iumn s of I’H Icocaine
act i um n  i mf c-inc - one and it s’ a c t  is-is m e t a h m t l i l c ’ s , bel imr e t h e  t e r m i n a l  m n j e c t i u m n  in ch n m m nj c ’a l l v

The ni u h i l i z a t iot i  u mf cocaine ( r u m the s m m b c u -  t rea ted rats would , in suc h a case, satist’actuiri lv
t ane muus  site in acute l y  and ch r ,mni c a l l v  t reated label t he  tissue slutres of coc am it e and its  n i e tah u m .
rats was rapid (table I ) .  in sp ite  mif t h e  fact t h a t  l i tes radioact ively and provide a t ru e  value of ’
a local vasm con stric lion effect  tmf  cmx ’ain e c’mmu l d  drug ci )ncentra t ions in b iolm igi cal mater ia ls  a l ter
lim it the ratm’ md i ts ah sm mrpt  i mmn.  N mm si g n i f i c a n t  chronic drug admin i s t r a t ion .  Peak levels ( If  tree
differen m- e ’s were mubserved i t  re la t iv e  rat e s imf cocaine i t  b ra in  and other  tissues and pla sma mit

disappearanc e umf c m m c m m i n e  l r m m m  su h c u t ar i e u i u a .  ac ’ut c ’ lv  t r eat ed  an i m a l s  did omit d i f f e r  s i g n i t i  -

s l im ’  in a cu t e ly  and c h r o n i c a l l y  t r ea ted  ra t s . In  c a n t l v  l rum m thumse  in chr ut t i ica l l v  t rea ted  a n t -
acute an imals  injected s i i h c u t a n e m n u s l y  the  iieak mals. Peak c ’m m ncen t r a t imn n s  in t issues . hm u wever .
p lasma levels , as in the in t r au ’enm mu s experiment , were shifted from 4 t i m 2 h m l t i r s  in t he  chr u m nui ca l l v
were lower than thiuse in o the r  lt ssc it’s ’ and were t reated grmiup.  l’he ha l t - l ive ’s  m l f  c (uca it u e in b ra in
sustained fmmr a I tm i 4 humor period. This may arid p lasma of chr u i n ica l l v  treated rats 11.8 - 2
represent a s tate  muf re l a t ivm ’ equ i l ib r ium he. h cuu ral  were higher t h a n  those ri t he  acute ly
tween ahsnrpti i in from the  sub cut ane i ius  sl Im’ t reated group )I ) .~ I hour )  - The bra in /p lasma
and d e t m m x i c’ a t i m m n  mechan i sms , A s i m i l a r  i urmuf i k’ ratios in c’ hr c m ni cal l v  t reated ra t s  were als m i , in
was a ls m i  muhserved earlier fmur the  diug ) W m u u m d ~ et genera l . somewhat higher  t h m m n u  lhm is e in acute l y
a! .,  t 9Tu l I ,  N m u m arked  s e l e c t i v e  d e p m n s i t i m m n  it t t reated an imals  wi th  the except im un uifthe 1-hour
p ersi stence u ( cocai ne was mu hms.e r s ’ed in l i r ;t i n mmr period at which  peak levels mu ) n ’m i ca in e occurred
ot her t I ss u es. , and the  c’ummp oun d disappeare d in the plasma in the chr onic group. The data
f ’rm m m b ra in  and t i l u i sma fa i r ly  rap id ly  al t e r  i v , or indi ceI ed an altered d i s t r i b u t i lun  of cocaine iii

s c. inject ions . This mubservat ion is s imi l a r  to the chronic gr mu up.  The miss ’ and fall mt ( 5NS
tha t  earlier imb serv ed by us t , n r  theha ine .  an level s of cocaine coincided roughl y wi th  the
opioid stimulant with little on no physical change of levels in p lasma and suggested three
dependen m’e liabi lit y I M i s r a  et a!,. t9T: i c . a l t e r n a t i v e  possibil i t ies:  I I t h a t  coca ine  was
1971n m . By contrast, it is interesting to note t h a t  pr ohm ih iy  present in t h e  (‘N~ in the interstitial

ump i tmid  depres sant  drugs such as mmurph inu’ and compartment; 2) its p enetra t i on in to  and exit
m e t h a d m u n e  pe rsi sted in brai n  in small  c’uuncen out mu t he  cell must he rapid and 1) any
tr ou t iu i n s  for pru m longed per im mu )s  I N l i a . r u n  et a !. , si gnificant int racel lular  u t r  extracel lular  bin d ing
197 1 . t973a. 9 7 - l o t ;  Mi s ra and M u l e , 19 72);  even in the  CNS must be freely rev ersible.
after a single suh cut an em i u s injection. A significant and impor tan t  finding of t h i s

In cmump ara t ive  drug up take  studies in study was sequestration of cocaine in suh stan-
acutel y  and chronicall y t reated rats am. de. h a l  amounts in fat. observed in the chronic
scrihed here, an important f’aclm r merits consid. grcuup in contrast to the acute animals  given s c ,
eration , Chronic d usingof rats aver s period ( I f 3 or i v , doses of cocaine. Thus, values of cocaine
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in fat . 6 hours to 4 weeks af t er injec t ion , were pharmacolog ically activ e metahmu li te detected
comparatively much higher than those in other in rat brain , was not excreted in the urine
tissues of the chronically treated animals. The possibly due to its further biotransformation to
sequestration of cocaine in fat depots of chroni- benzoylnorecgonine. In addition to these me-
cally treated animals may produce a slow and tabolites. evidence for the presence of phenolic
prolonged release of cocaine long after its disap- (hydroxylation in the para position of the aro-
pearance from t he plasma and may also he matic ring ) and ring-hydroxylated metabo lites
responsible for prolonging its persistence in has also been obtained. The positions where
brain and other tissues in this  group. The total hydroxy lat ion presumably occurs are 6 and 7,
radioactivity of brains removed 1 week after respectively , in the pyrrolid ine ring. Evidence
injection was several-fold hig her than the ex- for the presence of these hydrox lated metabo-
tractable free cocaine. We have observed a lites. however, is only suggestive at the present
similar pattern (A. L. Misra et at ., unpublished time. Our previo u s studies have shown that
observ ations ) in t he selected anatomical areas ecgonine (Misra et a !. ,  1974d , 1975( is neil
of the CNS of the dog injected intravenousl y metabolized in the rat and the  metabolism of ’
with a single 3 mg/kg dose of ~ H [cocaine , where benzoy lecgonine is prim ari ly to ecgonine and
the levels of t suta l rad i u iac t iv i ty  in ana tomic  two minor metabo l ites , mine of which has phe-
areas of the CNS 1 ‘,veek after injectio n ranged no lic characteristics. It is conceivable , there-
between 343 and 441 ng/g and that in plasma fore , that hydroxylation in the pyrro lidine ring
493 ng/ml ; the values of free cocaine in these and aromatic ring occurs before the  de-esterilt-
areas were barely detectable 24 hours after cation to polar benzoylecgonine and ecgonine.
injec tion of [‘H [cocaine. Thin-layer chro ru ato- S imi la r ly  in s’itro incubation of norcocaine with
graphic experiments on brains from chronically ra t brain homogenates showed its biotransfor -
treated rats removed I week after injection of 20 mation to benzoylnor ecgonine and norecgonine
mg/k g s.c. of cocaine revealed t he presence of as n ietabo lites. Benzoylecgonine was not con-
benzu -uv lecgonine , benzov lnorecgon ine . ecgo- vet ted to henzo y lnt recgonine or norecgon [ne in
nine , small amounts of norcocaine and cocaine. vit o sir in the brain (fig . 3 ) .  Evidence for
The half-lives of benzoy lecgonine and ecgonine glucur onide conjugation of hydrox ylated me-
in rat brain after an mtr avenous injection of 10 tabolites was not obtained in this study, hut the
mg/kg have been shown (Misra et a !., 1974d . possibil ity of forma tion of such conjugates ex-
1975) to be 1.3 and 7.8 hours , respectively, and in ists and could not he comp letely ruled out , The
plasma, 0.8 and 3.8 hours , respectively. This pattern of metabo lite mn in chronicall y tr eated
may account for the comparatively slower clear- rats was quali tat ive ly similar to that in the
ance of these compounds from the rat brain , acutely treated group with somewhat higher

Liver is known to be a primar y site for the excretion of benzoy lecgonine and ecgonine
detoxication of cocaine. Our study has provided meth yl ester.
evidence that cocaine is metabolized fairl y Interaction of cocaine with neural membrane
rapidly, and onl y small quantities ( 1 - t . 5 ’~ ) are phosp holi pids through electrostatic and nonpo-
excreted free in urine and feces. The excretion of lar forces has been rep orted to produce altera-
metabo lites . as reflected by the total radioactiv- t iops ii~ the ordering and fluidity of nonpolar
ity values , continues for several days. There reg ions (t ’lauser et a!., 1969; Seeman , 1972;
were onl y minor differences in the excretion of Singer , 1973), marked inhibition in functioning
free cocaine or total radioactivity in urine from of the membrane as a cation-exchange site and
acutely and chronicall y treated groups . Sign ifi - disp lacement of calcium from membrane siteN
cant differ ences , however , were observed in the at which it partici pates in the generation of
fecal excret [on of total radioactivity in chronic action potential (Fe instein and ~ aim r e . 1966).
(35.9%) as compared to that in the acute group Changes in brain tissue resp iration , oxidative
(22.1 %) (fig. 2 ) ,  and it is conceivable that this phosphorylation (K u z hman . 1969) and cerebral
differ ence may be due to the use of multi ple metabolism (Rogers and Nahorski , 1973) have
injections of labeled drug in the chronic gr oup. also been rep orted with cocaine. It is conceiv-
Benzoylecgonine , benzoy lnorecgonine , ecgonine ab le. therefore , that increased partitioning of
methyl ester and ecgonine were identified as li pophi lic cocaine and neircocaine into the hy-
urinar y metaholites of cocaine. Norcocaine , the dro carbon domains of the neural membranes , a 
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high a f f i n i t y  binding coup led wi th  hyper . FISH . F’. ss. ru ~A um , sm is , W, I) C .: Ex c ’re iii un mt m’micaine

thermia which enhances its tcuxic itv (Peterson ~~~~~~~~~~~~~~~~~~~~~~ man , .1. Pha rm.  I~h a n m a c m m l .

and Hardinge . 1967 ) . may modif y the m e m -  GE’rri.ISR , A. 0. sNi m St s 5 i I i N E .  I , :  Ccut un imetr ic  deter-
brane func t imun . its s t ructural  integri t y  and min i a t im m n of a lkaloids  in t is sues by means of me thy l

- oran ge Anal .  1 berm , . 23: 779-781 . t 9 F i t ,
consequently alter the energy metabolism cut Gio’rrA . C’. .1 . s~iu \VANmO . H .  l’f .: Reduc’tiitn, of n i t r n x-
nerve tissue. Furthermore , repeated adminis- ide free radicals by biological mater ia ls . Biochem .
tra tie u n mmf cuicaine c’umuld a l so lead to the oxida-  Bmm i p hvs Res (‘u m n u mun . 46: U’mTh - 1’.81i . 1972.

- - - - . - - HAT ed . H .  C. AND 1~ tscis~R. R. :  t ocaine . e lm cmted hehav-
tion in i’ico of nu ur c m w aine  t u u i ts h ighl y reactive iour and tumxic i tv  in dm gs after pre t reatment  wi th
ni trmuxide free radical ,  ‘l’hi s and the prolonged synaptic t u lu m c ktng agents m mmr p h m ne mur d ip henv i .
sequestratimin m m )  cocaine in f a t  in chronic a n i -  n tm imn . l’l’marniacmi l. Rem., Common 4: 18:1 :192.

mals max’ play an imp u i r t an t  role in the sys- HA USKR . H.. PENKR-V r . ~ A s,~~it CFt A F’MA’~. I )  : Nu-
tetrs ic t o x i c i t y  of cumcaine .  The fol lowing mubser-  clear magnetic  rc ’sm r sance ~pect rum s c ’ mipt c :  s tudies of

va t imtn s  support th i s  postulate:  I ( m u x i d a t i o n  of coca e hyct rmm chhiride and tm’trumm a ine h~dr~mc’ hloride

cocaine at ambient  temperature w i t h  hydrogen 183: 461-i 475. 1969.
percuxide repmurted lv (Rozantsev and Sholle, HASKS , Ft. L.. Koyu i x . I . .1.. Coi.scas. R. W . ~sn

- - - - - Tons . N ,  B, : N umn c mm m ’a mne : A pharma c’iml og ica l t v
I9h9l leads tm a f a i r l y  stable n i t r u m x i d e  radical ;  active meta tx ulite m it ’ i’mm caine found on brain. l.ife
2) pre l iminary  w mmrk  in our lahoratmurv on the  Su ’i 15; 2 189 - 2 Z 9~u . t974.

oxidation (uf norc’ocaine with m .chlmiroperhen- he it i m . , -\ t) , Si u A R N u m m ~ , NI s\ t )  C m ui i s . (‘.. K A

- summary and eva luatium n m u f  sJ,mn labels u-ed its
zoic acid has shu mwn the for m at im ut u muf N -u ux l prmmt i e m. (‘n u n  h io lmmg i cat  membrane st ruc tu re  H im ic ’hum ,
compcuund ; I ) )  elect ron spin resmmance spectrums- Ftmmmphvs ,-\s-t a :100: 179 4 19 . 197:1.

ccipy (Dwek et a !. , 1973; Keith et a !, . 1973 ( has ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ it

prmms’ ided evidence for c m n t ’m i r r n a t i m n a l  a l tera-  met ah ui l i sn i  mit  l mmm -a l anes thet ics , Eksp , Khi r . Anes-
tions in membranes as a result of b inding of a z t m4 t t s .SRi I -f : 112 6 m . 191-19 he ’ni A le-I n  7 1 :

wide variety of s imi la r  spin label probes to LANc;~cKI:Iu, H. sst i t , iswt rr . K . : t etier die Enr g i f r u n g
membrane proteins ; 4 ( n i t r u u x i d e  tree radic ’ats to s u n  (‘umca ini a nd Pm-nu ’amn , Su m w me vm m n .‘\ t r n n p i u t  in

c-it o are kn mm ss’ n to he reduced t m n  n i u r c m n m p u u u n d s  ~~~~~~~~~~~~~~~~~~~~~~~~~~ l’.X l m 1’, i t h m n l  l m h u mr t , i ak m i l ,  19(t:

w i th  membrane SH groups ( G i u u t t a  and Wang,  LEtomiTY.E, (‘ , AND FENTIMAN , A. F’. -is .: Metabolism
1972) ; and 5 ( tm i x ic - it y muf  c’iic ’aine dimes nu i t  of ’ s-m m s ’ain e t i n  flmmr c ’ micao n e  mind henzm i vlm ’m ’gori nc ’ t~ ’ atm

in i - i  (r i m m icnm n so m o u l en ,vmc’ svst c’nu , Rem. (‘ ‘ t r i m  tin
depend exclus ive l y (in catec’ h o l a n n i n u e  release (‘hem t’a t h m m l  t ’ha rmacmu l  8: 611- 74 , Ti4 ~’4 ,
tHatch and Fischer, 1972). MARKS . B. H. .  Dc-crc , S. est i  H WFMAN . Ft. F’, :
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Disposition and Metabo lism of f3Hj Cocaine in
Acutel y and Chronicall y treated Dogs

~~ . L. MI SRA , M. N . P.~
’1’EL, V. R .. ~I.1,t’R1 , S. J . M [L E

and I’. K. N.\VAK
Nc ’cv \‘m u r k State ()tlicm. ’ nut  Drug Abuse Services , l ’ c m . t i t m i _’ at id Research
Loihu ur atu urv , lf r u m m u kl yt u , New ‘I ’m mrk 112 17 , t_ ’ . S.. ’t .

/?m ’ m / ’/ u . ’ n ml 29 7amtmim’i ’ ~ 
iJ7(~ ; im ” i ’ e - c - m /  24 h o, ’ t m) 7b1

I . Beagle ci i  ic-s were chnum nically treated with e m m e u m u i w . 5 wig kg suhcutanu.’m u u sI~’
t e -  i c - u.’ daily fmmr 6 is c-c-ks, fu t t l mm c ’ u ’ m.’d b y s~mmiie diem.’ ni l  ~‘! Ilcocaune g i m  s u m  intravenousl y -

2. ‘l’he t value ’s m i t  eumcaine in plasma, liver , sp lc’c’ni oincl heart , in acutel y and
chrmut im callv tr cui tc ’st dmm gs, We’re ; 1 2 , 1 - 1  ; 2’2 , I S ; I ’S , 1- 3 ;  2 - I l , 1- 2 h , respectively .
It )  bui th  groups , cmuca ine disappeared fron i all u m u c u i s  m m ) ’ t hu.’ central nervumus sy st em

12 - 24 h a f t e r  inj ect ium n but sug n i i t i ca n mt  umumunts muf  r uu l i iuo ic tu m’ i t ’m ’ due Iii lmt ’ nzum vl —
ns’rc - cgmmt m i iiu.’ and hc’nzmnlec’gumnmne persisteu.l m n~ the (,‘NS even I week after
administra t ion of cmu ea u nic ’ . l t r oui n— tuu— p lasma r u i t u nis  u t  csmca une icc-ru.’ tm uw c ’r m u
chrcmnicatly—tre atc-d than in acutm.’lv—t rc’omtc’d ding s 2 and 4 Ii aft er i n l e e t u m m f l ,

3. Nuurcu u e a in c -, bcn zuuv l nm irc ’cg mun ’iinc ’ . I u m, ’oi.m i vlu.’c gm ni i i m ,’ ’.itid cc - gm itamn’sc, icc-ne

une tabm uli ct’s m i t ’ ci n c - i  ix’ m i  m .l iug br a in In l imu th  gm i i  pm. .  N m  mr s ’ m m c-,t I u i u. ’ and bc’nzi m vl—
nsu rc’cgiunin e Wu. ’te prc’.sc’t’I t m u  hug lier l i w i m m u t l i s  in brains m t eh rmm ui tcomll v  treated
clogs. Rai c’ m i t ’ disapp c’ar aumeu .’ m i t  r i m mr c ’m iClO ri m.’ sc um s cm ii  k m r i n ,  m i  ic-at rim’ in hu m th gniuu ps

4 . ‘l’he atom munt s m i t  ci icumine s’\s ’r s ’tc d in ) cin mr ’sm .’ ’,it ii t t u t s ’cs’s as pc ru .u. ’tm t u m g s ’ of
c lum num .’ cicru. ’ t t m ) _ 5 0 , l — I ( m  in t h u.’ m i - l u t e  um n m ,l 22 .13 arid 1) 2  - ( 1 3  in thc ’ c :h r iu nica t lv
tru.’outeu.l dm n c -s . .\I1 ij m in c-x crc ’tum in m i t ’ ra cl im nlI ~~t i s ’  i t  v mu c’curred in ur ine wi th in  24 h in
hmm rh grm mumps.  l’uut oi t  ra ch i uiu m ct mv ii v I i~ ‘ , , u mf m l m  usm ’ I iii urun c’ p lus ( a c - u s’s ivu t s sinittar
in b mmt h gnu uups.

‘ . N i m r c m m c ai un c ’ , ben’z ui v ln i  mr c ’cgm mn ’( tn u. ’, hm,’n’/.m i v l c’C IZ mui i lo( , c’egonmne , n i tr c ’C gmmnii n e ,

cc-gm n u i t t i m .’ n wthvl ce - i c r  um o d si n ’ iuc tm .’n ’it (lcd u,’mn ’ui pmu ci n x t s  m m. c - r u . -  m.initt;i rv n i i c ’ t u m l i u i l u i m .’s of
m.’i m i , l i l o u .’ in bu tli grum u p s . l ic ’nzi i~’lo m nrc-c-gm m n in m .’ u m n m .l cc-c -u mvi i t mi , ’ c\’ u.’rc’ c’xcrc ’tc’uJ i i i

higher iiniot .ints ut nm ,I h c n m z u i v l m , ’cgi it’ t t oc’  ui t ist  muum rc ’u , ’g m mntn c ’  in Ii me’c ’ r am m u un t s  0) the
accmt e th an ’m in the chn imn tc ~i IIv t reat ed cl u ugs .

6. ‘l ’he p m ms s i  I n lc n umle m mf  ps -r s i s t c t i c - m ’ u ml hc’nzi m vtn u we ’c-g mu n t n i i . ’ anu ,l be nzi mv l—
u.’cgmmnine (which pn is sm.’smcu. t p m u t e n t  s t i t imul ~u t i t  a c t i v i t y  u t  r uu  s t  c r u l u t i l  v l  in thu. ’ I. ’ \ ~
is cluscusseci .

Introductio n
I n N’iC~\’ of thu.’ cn lii. ’ngenic ’c of cocaine as u t tlla Jcir j)n’iul)lCnll of drug abuse, it

has become essential to det u. ’rn n it ie the pli v s i mi lii o~ic al d isposition of this comp ound
following otcute and chrottic a d m inis t ra t ion to spc’cic’s \\‘hiCh exhibit the psycho-
logical effects charact e r is t ic  of chrcu ni c  coc’aitie dc’pendenet.1 in man. Self—
admin i s t ra t ion  stttclies in t he  tiiul t lku.’V (1 )eni.’u it i , Van ag it ;t & Sev er s , I 969) have
established the  strong psychic clc’pend etice p m ut en ~t ial of cocaine hut little or no
tolerance and physical dependence l iabi l i ty .  l tm r c v i m u t i s  work (Grode , l u l l  2;
l a tun i & Se’c’vc’rs , 1 1)21) ; i)o~vn s  & t~ddv , I 932 ; ( ; tmt i c’ rr c’z —N onic ’ g~u & Z;iputta—

O rtiz , 1 944 ; Kosm an & Unn ;t , 1 m)( iS ; I latch & F ischer , 1 l)~~ 2 ; Simon c-I r u . ,
1972) has sho wn that clogs (a) exhibi t  t rue cocaut le p sychosIs  w i th  marke d
cra ving for coca ine , (b) become hyp ersensit ive rather than tole rant to cocaine on

x.fl.

_ _ _ _  j
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repc’ate cl closing and (e) this increase in sc’flsiti\’ttV pc’rsistccl tmno th~itcd for a
coup le ’ of c.’u. ’ks a f t e r  euun i p lc tc- cc i t h d r a c c  uml of cuu ca ine ’  . A part from an earlier
otcute stu c1~’ in the d c g  by \V cii mcl s, \Ic ’ i \ I a l mu i n & Seever s ( I  u)5 I), no i n f i u r n i a t io n
is ;t voui lahlc ’ on the’ p hv siu il cig t e ’aI disposi t ion (if cocaine in acute ounci ch ru ink
states in t h i s  species.

\\~c has-c extend ed our  t ire s i iu u s  ci u i rk  m m m i  cocaine’ in the’ rat ( \ I i s r m i  c-I a/ ,,
1974 ii , ii; 1975 h ; Nava k  et ul,, 197(u m c !  uu thmem’  references cited t h e r e i n )  to
in \ - estigate  th e’ d isp osi t ion , i i i e ’ t mihuuI t ~ n i i  ~mf [9 ljci m e’mm in c’ in the ac utel~’ and chronic—
mdlv treate d clogs with ot view to assess th e  puus ~t h lc  rc’Iou ticut ishi p munch si gnificance
of these p ar a n u c ter s  to the  h~ p cr scni s it ic  it \ ’  utbs erv ecl  ii i th  ciucot i f l e  on ch ron ic
tre ’mutm ct it .

Materials and methods
‘l’he itie t h u ic l  fcir the’ pre ’par ati on m u f  r i n g — l a b e l l e d  mm cl randomly lmulic’Ilccl

[;i Il ] coc .t iflc has been m.Ic’serihcd ( Na v ak  ef  a/ . ,  1974). Oth er details on r a u h i c i —
ehcniiic mtl puri ty , specifi c m i c t i v i t v  (2 ))  ,i (,’i wi g),  n i ic thc i cl uuf  e ’s t imatic in in biological
materials , recoveries e tc . ,  have’ p r c’viou sh y been described ( N m m v a k  c-f a/ ., 1976).
:~I th o t i g li cocaine was inj ecte d as i ts hy droch lo r ide , all  doses of t h e  ehrc m g arc
e’xpresscel as the free base’, ( elman ins tan t  thin—Liver chrcioiatograp hv nii echia
(silica gel , l’l’I ~C) from ( ;cliii an I ns t rc imcnt  Comp mmn v , A nt i  ,-\rhuur , Michi gan ,
wit s ti seci f u r  all t I e , experiments. ‘l ’h e tc ’c-hni qt ic ’ for r ac l io scant i ing t h i n — l a y e r
chron i t at ogr ou n u s , count ing r a ch i u a c t i s i t ~’, cf’IIciencv of e’ot i n t t t g iti N uclc’ar
Chi cago Mark  I ll li q u i d  s c in t i l l a t ion  cu u d m n t e r , etc., hav e been d escrib ed ( \ l i s r a
c -f  ~/ , ,  I c)73 a; \lisr;i , Pumtani & \l t i le , 1974 - e’) ,

Rmm ndommilv Immh cllc ’d [~J ljci ucaine- (specific’ ac tls’itv 63)) j i (’i tu g) which  cc as
isotopicallv stable in 1- ivo cc as us ed mn com par a t ive  tiss cmc ch is t r ihut ic i n  e ’xper tn lent s
for t lic est imat ion of  f r e e’ coca ine. Ei ng— l ;mh e ’lie d [9 Ij cuic mm inc ’  (spm. ’cit ic ’ a c t i c i t v
45 ~m Ci wig) cc as c’hi) se’ti for c’uu m p ara t ive  excret ion mind ! t use ta h o l ic  s tud ies  in actit c’lv
mu nc h chrot uicmill v trcmtt ccl clogs bc’cmitise’ of t h e’ n ne ’tmu h olie l m m b i l i t v  in t ’ir ’o of m ethy l
e s t e r  munc h hc nzcu y l  grocips ( N ;t v a k  c-I a!., 197( m ) .

.‘uJi( ’( ’ i/ i ( ’ i t v  o/ f/ m e e,c’trw-tion pm’ oeedunn b r  [ ; t J ! ] ( m.m(~0jfl(.

‘l’hc’ specificity of the  ex t rmuc t i ( un  pr c)ccdure ( Navmuk et a l., I c)71i) is is evalua ted
by cx tractiuun of urine’, p las num a  cur  t issue homogenates  of chuigs in jec ted  in t r aven—
cnm slv wi th  5 wig k g close’ ( if  [:11 l} cu u cm t ine , t I c .  (uf t h e  e~’cIcihex anc extract munch
radi oscmu nnit ig u ) f  the’ cli rcmtii ato grmtmuu s ( \  h isr a , l m crn tmi ni  & \ I t i l~’, 11)73 h). ‘l’he

polar mct a l ) iu h i t c s  hc’n’iau vl ecgonin c’, h cnz ovln orccg t i t i ine , t lorccg onine , ecgotiinc
m i nd ecgoninc ’ m e t h y l  ester , it cr c n iut extracte d in s ignif icant  quan t i t i e s  (less
than  1 m m , ) .  N orcocotine’ , .m hi ghly  li pop i t i l i c coti pot ind wh ich  hots bce’ti shown

M i s rm m c-I a l., 197 5 h) to he’ m m p h ar numi co ls ig ica llv ac - t u e ni ctaboli te of cocou in e i n
the bra in  mi f  r mt t s -,mn d ch ugs is is q u a n t i t a t i v e l y  e x t r a c t e d  by th i s  procedur e’ .

.1 nima/ e.t’pei’i mm’,? Is
.—Ic mite : Mm u lc’ mm cl fenno t l e  beag le’ clogs (appr oxin i mm te ’Iv 3 5 y e a t s  of age) cc c rc’

hotmse cl in um i r —cu und i t i o r i e u . l  d l uim trte ’ rs munc h otl lc iwec i 3 - 4 wce’ks to get mtc c’Imnua tize’cl
to the ouni ni mu l chumurters. ttm ctrin mu I ) cm g Chow mmcl cv m u t e r  were scmp p lie ’cl ad / i/ ;,’tu,,,.
I’oocl 51- mis  w i th c l rm iwn fru i t iu coiges ’~tpprox inum tt e l ~’ I (i Ii before’ m t d n u u t n i s t r m i t t u u n  ,if
coca ine. Beagle’ d h m i g s  s i t  either sex weighing  6 It ) kg crc gis- e’n mn i t r avc ’t ic m t i s
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injection of 5 wig -k g (free base’) of [3 1I]cocaitie After m i ppr tupr im m te  periods of
time , the a n i n u m t l s  were sacrificed by a rap id intrmuveno us injectiot i (40 ~(I mg/k g)
of thiopentm u l sochiuni , followech by exsanguina t ion .  I!loocl smtn n p les were collected
in hepmtrinizecl Voucutmtiner tumbes (Becton— l)ickinson (,‘uu ., Ru therford , N.J .)
approximately 1 2 n u n  before the selected t ime int e ’r vm il (prior t(i thc’ injection
of thiopental  sodium) by v enipemnc ture of either the ccp h m m hm c or lateral saph enous
Vein. Plmust ii a j n iim edi mt tel v c)hto tj n ed by centr i fu g at ic in  1-1- mi s qu ick l y  frozen
( — 2 0 ) .

B rm u in , heart , lung, liver , kidney , intest ine , iuu t i se - lc’ , fat etc. ,  icc -re quickly
removed , is-ashed with ice—cold 0 ’ 9 mm m m saline’ , ccm p&’cI dry  in tissue pa per , wrapp ed
in ~u I umin j ut -n  foils mine ! stored frozen ( — 2 1) ) unt i l  anmu ly sc ’ cl , A san ui p le of bile ’
and cerebrosp inal f lui d wou s milso obtained out the t ime of sacrifice mind stored frozen.
Before analy sis , br mmi n was carefull y sepmur mtt ed into various selected anatomical
a reas and these mine! t ither t issue samp les (ap prox immutc lv I g syhe ’r eyer possib le)
were homc geni zech in ( i - S  M I ICI with a tef lon pestle to provide mu 10 or 2o°~
homogenate. I)up licate samp les of 2 nil (if these homog enmmt es were anal yse d
for free cocaine , Plasma smuu’n ples were d i lu te d  ( 1 :5 )  sy ith d isti l led water and
mm na l ysed similarl y. ‘I’otml l rmu dioacti v ity clue to m c ’t mmh o l i t e s  and free drug in
plasma and tissue hc mogenates was concurrently memu surec i by dissolving appro-
priate aliquots (0.2 nil) in 1(1 ml A quasol solci t ion (New Eng land Nuclemu r , Boston ,
\ lm m ss . )  munch counting the radioactivi t y in lidj u i ci scinti l laticin counter.

Chronic studies

Beag le dogs (6— 9 kg) were subcutaneously injecte d wi th  a 5 mg, kg (free
base) close of n on—ra e liomuctive cocaine twice daily (9 -- lU a nti , and 3 - 4 p. m.) for 6
iyee ks , then sy ith mm 5 tri g k g subcutaneous dlosc’ of ranc lon i ly -lahe l led [3h1 ]coc aine
tic- ice d aily for 2 elays followed by a terminal intravenous injection of the same
close of labelled cocaine, Samp les of p lasma , bile , t issues were obtained at
vouri ( iu s tit il e inter vals  munc h munmul y se el for free ’ cocaine munch tot m u l rachioact ivnt v  by
the previous procedure.

‘rinar v and fa cca l excretio n of ’ ring—label/ed [ 31!] cocaine in acute/i ’ and c/iro nically
treated dogs

F ollowin g a 5 mg -k g intray eniius dose of ring-labelled [3ll]cocaine tci two
female clogs , urine was collected at hourl y intervals frot iu an indwelling Il m u rdex—
Foley Catheter (Fr. S) for the first 6 h after injection , followed by 24 Ii collections
of urine and faeces in metabolism cages every c lay for m m period of 7 da~’s. Aft er
collection of urine samp les , cmu gcs were ivashed with  a small volunie of water and
the washings ccerc added to the samp le. A ll samp les were kept frozen unt i l  ana—
l ysed. Faeces were homogenized in a kno ts -t i volume of 1 ) 5  ~i IICI , filtered
through ml coarse cloth and al i quots of fiItna te anal ysed for free cocaine and total
rmudioac t ivi t v mis previousl y clescriheel ,

‘l’he same dogs used in the acute experiments syerc treated chronically with
non—labelled ! cocaine for 6 weeks mmd then given mu sing le intravenous dose

(5 nu g k g) of ring- Imuhell e c l  [3 11}cocouine. l rine ’ an d faeces were collected as
described above.

J
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!dentij ’cation ot cocaine ,netaholites ii , tile brains of acute/i ’ and c/ir onica lly treated
dogs

l3r muin tissue (5 g) frc mmn dogs sacrificed at vm t r icius times mu ter 5 tog kg in tra-
venous injecti on of [ml Ijc ocmu ine ’ cc’ mus homogenized in (I ’S cm I IC I to provide m u

I ) ’ ’ , homogenmite min d prc ccsse’cl mi s shuns -n in the’ flow chart (Fi g. 1).

f de ; i t z’j ’i-ntion oj mmri na r s ’ ,neta bo/ ,Ies of [ 1-H]c ocai ne in I/ic mute/i’ aiid r -h, ’onica// i ’
trea ted dogs

‘I ’hc method used! for the iu .lentific mstion of urinary metaho hites of cocaine
in m t c t i t e lv min d c luronie mu l l v t r cmu t cc l dogs is outlined in Fi g. 2 .

Results
Pharmacological (111 (1 belmas ’ioui ’a I ej’j erts

A 5 wig “k g intravenous injection of cocaine to the clogs proe lucedl mild
ex citm ution , rest l essn ess, m m f l X i ( i d i s  behaviour , rap id resp iration , rise of bod y
t cmn pe ’rmut u ir c , t rmtu sclc tre tiu ors (‘or a few minutes , sonic salivation , mt n d pup i l lmur y
cl i lm i tm m tion bi t t  no conv tils i cun s.  ‘l ’he du rat ion of responses to th is  injection
gc ncrm uhlv rmui ig ecl l)ctwc’efl 4 1) — hi ) mm . .‘\nu intravenocis chose’ of I i )  r u g  k g
pro d uce d very severe’ convu lsions munch hv pc re xci ta t i om u .  During  the’ course ’ of
chronic ad ministrat ion of cocmu in e to the cluigs , a marked desire for drug \v m i5
clc’mm rl~’ evid ent. No impmuirtllc’nt of gc’ne’rmu l p h v sicmml conc l i t ic u t u , no stgni f icm miit
c hmm r u ge in food intake , huiclv weight or nuurtm ml itv occtmrrcc l in response tuu  cocaine.
.-~h l the fcn ui m il c clogs exhibited convu ls i cun s.  cxtetlso r ri gid i t y , m itax imu lmmsting for

mup pr o x i t uuo t t eI ~’ 45 trim d u r i n g  th e’ first wee k cu f chronic tr e ’mut tn e ’nt is i th c m me miin e ’ .
Mode’ clogs eh ic l not show these effects. E )uri n g the tif th week of c-brook t re at—
ment , two ma le dm mg s  however  w en t  i n t o  severe’ COt ii ’Ulsi o flS , mv elr imisi s andl
extreme rc’ st lesstmc’ss twice d u r ing  the w e e k  . ,\ femal c dcm g c ’xhihi t e ’ch these
effe cts once’ t h u i r i n g  duc ’ sixth week of chronic trcatme’nt A tm , ’t le ’ chug chronicmu llv
tre’mttecl with ciie’mu in c’ for III ct c’c’ks with 2 clmmi l y 5 rug -k g stmh cui tm itu c’ uuim s dose’s,
sud d enly w i t h c l r m i w t i  for 2 day s die! not shcucv ’atuv w ithchrm tw mu l svnu p t umi s or
after—dep ression.  R c ’summ p t i u un umf  the tr e ’mm tt r i ent  in this  u.hiuc ~ l i m o s  e v e r , p r im c luce d
set  c m ’ c’I onie’ —t onic  cot i vtm ls i ot i s , cat m itonic  h e ’h av iotn r , p r o s t r m u t m u m n , it ieoo r el ini m i t i i u n ,
, t t ’ m x i t , c ’ x t c ’n s u mr  ri gid i ty, hvpe ’rt huc rt ui ia oun d cl e ’muth cvi t hu in I hi of tnjc ’ct i on.

(‘omfiara tn ’e results in tic -ate/i ’ and elmr on, ’callv tr eated dot,’s
I) i.ctr ihution cm f [ 3 / / ] ~~c(li, i e in bwlc~qica/ fl u ids and ti.c ,cmies : l)ata it o  t~se’ distri-

bution of (‘ri -c’ cocaine’ in t is su e’s of 2 ouc u te lv m m d  2 chronicou l l v  tr e ’mu ted chugs fo l lciw—
i ng 5 wig kg intrmtv e ’tlotl s chuse’ m mf  [.tl I}c ocmuin e mire giv e’ti in ‘I’ahlc 1 . ‘l ’hu c’ mean
val ues of cocaine in p h m usnu m u , r m i u m s c l e ’ , h cm ir t , fmi t , du odenum , suri mul l intestine , spleen ,
Icings mind kid ney si c-re hi gher in chronic mis compared to ti le ’ mtc cmte ’ g roup. ‘I ’he
mean c-attics (if coe’mmi ne in ti c -er sc’ c’re ’ It )wcr in chronic clogs tip to 2 Ii mu ft c’r injection
and somewhat hi gh er th om those in t h e’ mucutc’ group mit l a t e r  t im es. ‘l ’hc ’ mean
v m m l m m c ’ s  of e’ocmuine in  bile ’ we’re ’ lower i n i t i a l l y  ( II ’S , I h i ) in the’ chronic group,
higher mit 2 mind 4 h m m cl .mgain droppe d loss er t humi t u  those ’ itt t hu c mucui te’ grum im p mit later
times. C oun p m urm mti ~ e’ly fouste’r dis appcar oun ce of cocmtine’ occumrre’cl frtut uu bile of
chro n i c m m l l v  tr e ’mttc’c l  cl ogs 4 Ii muft e’r in jec t ion  is c’u mni pm m re ch  to the mte’umte’. Cocaine
ch ism i~ip e’:trect frot u u p l mtsr ti m m in both muc titc’ lv mmc l c’hi ron icmullv tre ’mitec h dogs by 12 Ii.
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With the excep tion of bile mind liver , other tissues had very low levels of free
cocaine 24 h mifter inject ion an d onl y bile and tic -er hm u eh detectable mmm u iunts
(50—SO rig :rril or g) of free cocaine 1 week after inject ion.

Table 3. Half-lives of cocaine in biological fluids , selected tissues and anatomical
areas of the CNS of the acutely and chronically treated dogs after intravenous

I3Hlcocaine

u sscmc ’s min d ilu ids I Ialf— life ) h )
Acute - Chronic’

‘I’emporal cu ir tc ’x (grey) I ’ S  1-2
‘te mporal cortex (White) 1 5  1-2
(‘erc’helluoi 1- 5  1-2
Spinal cuu r cl 1 5  I ’S
I Ivpui thomlanucm s I - S  1-2
‘I’h alam cm s I’S 1 2
\ lc ’ d cm llm i 1-5  13

I ’S 1 ‘2
\ Ie’se’ncep h ;ml uun 1 -5 1-2
(‘audoute nucleu s I -6 1- 3
(‘erebr ospmnal t i e m uc h  I -fl I - I
l ’loisni,u I -2  1 1
1.ti’e r 2 -2
K ish r us -v I -

~~ 1- 2
Sp l e e n  1 4 1-3
lIe -art 2-0 12

I ) e t a i l s  mis gts’ e’n in ‘I ’ :uiule ’ I .  I ) m u s c’ mt 1 - m i  I l c i u c ’m i t ru e’  issms 5 tog kg ( fre t - Im a su )

‘i’ht’ bm m l f—Iic’ c’s we’ r e’ calculat e d t’r u m m  sc ’ r o i — l u u g  line ’otr rc -L ’r u ’i~ i i i r i  p l m i t s  m u f  vm uluc ’ s  on the
d istri bution ot cuu cmum n e ’ in t l i s i u -s ,m ui ; l  t 1 i t t ~l~ m u the ’ ae’m itc ’h ’ ( l I - S  12 I i )  ir i ~h the ’ c’h r u ur ii c - m u ll y
tr eated (0 5—6 h) s lu gs given in ‘I’ahlt’s 1 mi n d 2 ,

Cu uni piur iio in cut ’ t he’ sli Ipc’s i if th u rc ’L’rc ’ss S m  ru line’s I i  mr iii t ie -re nt t silt s ’s m m r ic h ho mluu g i c a l
fluids in 2 gruu eips by F ru’i t showed th o it the ’ t~ - s-.dues in the ’ e’I’ur . un ie a l l v treated s l u gs w s ri ’
n u t  signi tI count lv d i f ferent  from those- in the’ a c u t e ’  g r i u u m p ,

o to
I’.
•0
ID
-a
U, , $

5-
’ 

‘
_ _ ..-*

z
ID
ID

~5 ’ l  2 3  4 5
T IME ( H)

I” ig . 3. Th’ain— to—p la.c,na i a t i m s m  of nuic ’an u ’on( -( ’n f r a / , ( un ,c of c-tic-aug j im ai ’utm ’Ii - anS m -I ur unt ’ - aI I t’
F u i a t u m /  u/ m m 5 ’ m f ’uIIoto j n~’ intr as- i’nou,,c inj ectio n of f l i t  lu’(u(’a,pn(’.

I)atot represent meoun values umhtai neel from the rou tl o if concentratiuin ot cimc ouj ne in
10 selected anoutiurnicah mire - mis  of brain to p lm msma at different  time’s post—injection cuf
[ - u 1  Ilcocaine (5 rug kg free base) ‘ A c  on’ e-xpt. are shiuwn us su u lid lint ’ , chron ic expt .
as broken line ,

_ _
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‘l ’h e app roximate estimates of pe m u k value’s ud ’ t otm u l rm m e h io a c t i c i t v  eu m i l ip r i s ing
free cocaine p l u ms metmubo l ite s (j ig g or ml expressed as eoc’m mi n cs e’c j t ii\ - mul c’ n ts )
and those I ~c’eek after injection of 5 mg kg ehuse’ of [ml l]ecucaine in h io t l u i chs  mind
tissues of acutely mmcl chronicomllv treated clogs re sp e c t ive l y  were mms fo l lows :
bil e 512, 54 and 74S, 1 - 5; plasm mi 4 2 , 06 min e! 4 5 , (( ‘6 ; tic -er 5 1 4 , 2 4  mmcl 236 ,
2’U; kidney 27 -3 , 0’6 mmcl I 5. i) , ((‘7; l ung  S’7, (( ‘3 mind S-I , (( ‘4 ; sp lee n 5-2 , ( - ( u and
134, U ’S , small in tes t ine  5 5 , 04  and 64, (-5 e lti c ) d le fl um ii 6’U, U’S min e! 57, 0 6 ;
fat 37 , 0’ 1 mm cl 5 5 , 04; he murt 4 6 , ((‘5 and! 5’fi , 04; muscle  4 5 , (( ‘5 m m n d 4 3 , U’S .

I) islr il,ution of {:u/j]~~€.11j,,~ in time ( ‘\ , S’: I)mita on the comparative d i s t r ibu t ion
of free cocaine in selected areas utf the t_’NS cuf the acutely mind  ch ron ica l ly
treated clogs fo l lowing  5 tog kg in t ravenous  close Of [:tll]cocmuito,. are given in
‘Foible 2, In general , the values of free cocaine cvc’re hi gher iti  chronic in all

a reas mts coniparec l to the  acute ‘l’h e c’milues of cocmmine in the cerebrosp inal
fluid , h o w e v e r , we’re ’ somew hat hi gher in the’ acute mus compared t c) the chionic
group. Comp lete disappearance of free cocaine was observed from al l  the
selected mm nmmt onii emm l mmr eas of the (‘NS of m m cute ’ l v ’a ncl chronical l y  treate d clogs
12 24 h after inje’ction of [:ml licocainc mun ci no persistence of cocaine cvmls observed !
in mmremis of (‘N S in two groups .

‘l’h e mu pp rc ux i ma t e  CSti t1 ~ m m t cS  of pe m m k vm lluc ’ s of total rac l iom ict ivi tv compris ing
fm -ce cocaine’ plums  metmi l’iol it e ’ s (ji g g or ml expressed mis cocm i ine ec 1uivmik ’nt s)
a nd those I ~veek mt fter  inj ection of 5 ru g k g close of [:u ll ]cocaine in selected
anmitomicmi l miremus of the (‘\S u ) f acu te ly  mmcl chr uu nic mull v t reate ’cl dogs respe ’ctivelv
we’r e’ as follows : temporal  eorte’x (grey )  6’Z, ( 14  mi ti c l 50 , (( ‘5  ; tetop ora l  cortex
( white) fi. u) , (),4 mmcl S’O, 0 - 5 ;  cerebellum 5 1 , 04  mmcl 6.~S( , (( ‘5 ; sp i nal cord ~~~
(( ‘3 and 6’3 , ((4; hyp othalam us 5~7, ((.4 and 7 3 , U ’S ; t h a l a r i m c m s  6 2 , U’4 mmcl 5-2 ,
( ( ‘5 ;  nm ccl u l lmt 5-6 , ((‘4 and 7~i) , 1)4; pans 5 ’S , 04 min d 7 ’)) , () ‘4 : mescncep halon
56, ()‘4 mmnd l 7’l, (( ‘5; ca uclate nucleus 6’ 1 , 0 4  m m d  7’6 , II ’S ; ce’rehrospinal flemid
I ‘9 , 0’S mmn el 2’S , 0.6. ‘Fhe c-attics of total radioactivit y in different mmrc ’ mm s cif the
CNS and CS I” of chronically tremitec l dogs were compm irative lv hi gher than those
in the acute group up to 24 h mind these tc’ncheel to remuch r (uug hl y similar levels
thereafter in the two groups. At Imuter t ime ( I  week -,ifter injection ) signilIcant
oimflotmfltS of ra d ioac t iv i t y  due to metabolitcs persisted in the’ mm rem m s of the CN 5,
tong after the cl isappem irmm nce cuf free cocaine.

flail—In-es of [ 3Jf ] c o u -ai,me in plasma , tissues and (‘,\‘,S’: I )oit mi on the appmire ’nt
half—liv e’s of [m l I}cocoimne’ in p l mtsm mi , select ed t issues and the’ arcmms of the’ (‘XS of
mm ee i te ly and chronicmi l l v  t rem mt e’ cI clogs mire ’ given in ‘l’ahl c 3. Statistical eonipomriscm
of the slopes of the semi-log. l inear  regression p lots of cocaine con centrmit io n s
versus t im e for tissues mmn cl b iofluie l s in 2 grotips using t test d iet not show any
si gnificant d ifferences in the i values in 2 gruuu m p s .

Brain—to—plasma ,- at,o.c of [ mII}c ocain e : ‘I’h e br ain—to—p lasnimi ratios of the
mean con centr mi t ion s of cocaine in the acute ’lv munch chronical l y tr e ’mmte d clogs
foll owing 5 m g ik g int r ouvenous  elose of [~I licocaine mire’ given in Fi g. 3. These
vmm l ues , not dif ferent  rn  two groups at (( ‘5 , 1 h , were low c r  in the chronic  group mit
2 , 4 h and hi gher at 6 h mis compared ! to th e ’ acute gr uu up .  ‘l’h e ( ‘SI” to p lomsm mm
rmmti os in the’ two groups ( F i g. 4) were hi gh er in acute than  in the’ chronic  clogs
up to 2 h mm cl not d ifferent mit 4 and 6 h after injection.
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0 ,5) 2 3 4 5 6
T IME (H)

Fi g. 4 . Ratio of inca,, concent ratiue n of com ’aini ’ in cere/urospina/ fluid (CSF) to p lasma (I’ )
in acute/v and c/ mi-onu ’al/ v treat ed dogs f o llowing j n t ra t -e nonu .s imr j ecnon of I uJ f l (uucsIipi( .

l)ose’ of {Suihj cm ) ca ine cc-mi s 5 tog kg (free base) Acute studies are shu iwn by the ’ solid
line , chronic studies by the broken line,

.i!eta bolj tes of cocaine iii brai,i : Norcocotine , henzoviec’goninc , henzo~’lnorec-
gonine and ecgonine were found to be the nmct mmho li t es of co cmt ine in the brain of
acu tely and chronicall y treated dogs. Processing m uf b romins  of chronica l ly  tr emmt ec l
clogs I week after the S rug k g in tr om c- enoems inject ions howcc-er , show eel the ’ pre’ s—
ence of hem’.oylecgonine and benzovlnor i ’cgonine only .  ‘l’he ratios of the m m ii m o un t
of norcocaine to that of cocmui ne in brain of chiug s it i ac tmt el mmcl ch ron ica l l y
treated groups at different times mire given in Fig. S. Norccuc .imne constitute d

~~~3O} ~~ - 
-

~ 2O~
8 

-

Jo~ 
I

z

0 5 )  2 3 4 ~ 6
TIM E (H)

Fig. 5. 1-t a tj (m of inc- ap r cum n em ’n tra tiu un, s s f  u immu m i m i ’o t p t ( -  flu i - miriam- u mi brain mu aeu~ ’lt ’ and c/ironi-
rally pr in t ed ml m m o ,’S i i f t m  m i uu t rai  , i u u u t u i  [~lf  tm ’ ume ai ~u’.

‘l’he’ rom io us were dk ’ternhineel frm ,m the roic liuus cans m u t  t I c ’ . it ’ brain extracts  at c(itfe ’rent
ti mes . \\‘eigh eel samples um f brain cc c r c  hu ,mu uge’n ize’d in (( ‘5 M I 1( 1 t u i  give a I t )  mur
20 ’’ homogenate which was a djus te d  ru m p11 9 ur ah 1~ , N I I 1() h I ant I extracted with
cvc lohexane mis described fiur cocaine ’. ‘l’he r u ” s t s)oi c ’  from t he’ mm rg om n i c solvent e ’xtr ou ct
was semhj ecte’c l to t i c .  ( Nm m v mm k c-P ol.. I m ) 7 6 )  and n-lmm t iv e - pruup um rti muns m , f  nnure ’uu c aine ’ and
cocai ne’ de’tern’mmnecl frm mm the ’ r om d uui ,sc -anms m m (  ehr omo irmugrams .
I ) u u s t ’  of I 1 l ]c u uco min e ’ cc ii 5 tug kg Acute ’ stemd ie’s are shiucc-n mis solid line ’ , chronic
std mdlle ’s hs’ the broken line ’ .

10 lS~~, of the total values of cocaine in brain of acutely treated an imals  and
appr oximately 2 1 3 D m , ,  of  those in the chronicall y treated dogs at these times
(‘I’ahlc 2). ‘I ’he app arent half-l ife of n orcocainc in dog brain was ca lct m lated to he
appr oxir i ia te lv  I h for the fast p has e an d 3 3  h for the slower phase following
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Table 4. Urinary and faeca l excretion of free cocaine and total radioactivity
after int ravenous injection of friisg-’Hj cocaine in acutel y and chronically treated

dogs

Mcmiii  pere’e ’n it oige c)f close excrete d at d i f f erent  time ’ i n l i s - r c  mnls

t I- I Ii I - 2 h 2 4 h 4—6 h 6— 24 h 24 45 h 4 8— 72 Ii $ -7 ‘l’uui a l *
m l a c S

Acsmtc
Free’

cu ue ’am nle’ ( - \  ) 0 2  ( ( - 2  I l - S  (( ‘ 1 0.1 ( 1 ((  ) . i )

in u rine’ (II) U.~) 1 7  I ‘8 — 0-b 0 0 — 5 - ) )

F ree
coca ine (A) - -  ‘ - -— - — — l ’ l  ( ( - 3  ( ( ‘ 1  I ) - )  ( - E u
in (‘m md c c’s ( I I )  — — -—- — — ( I-S (( ‘ I I i - .~ 1 1

‘I’cuta l
radio—
activit y (A) 7-4 9-5 6 2  6-6 1 4 - S  2 - 2  I I  I -(u 49- I
in urine (B) 3-Il 69  14-4 — 17-3  4-4 1 - 3  I - i )  4 8 - 3

‘l’eut al
radio-
om c tm v i ty  (A) — -  — — - 13-7 2-4 1 - 6 2-7 2 ( 1 -4
in faeces (13) — - — — — — ( ( ( - 5  ( ( ‘S  1-7  13-11

(‘hr mm nic
Free

cocomine ’ ( - \ I I I  1 - 2  0 7  ( ( - 1  11- 2  I I  i t  - 2-2
in ur ine ( I t )  I - S  1) 3  1 - I )  ( 1 - 4  0’! (I II  - - - 3 3

Free
cmucmm m n e ( A )  - — — - 0-2 0 I I  0’2
in t i m’ s - c’s (It) - - —  — — 11- 3  I I  I I  i ) ,;

‘l’ui ta l
r a dio—
t& ’ t I V l t V  ( - \ ( I I I  ( 9 6  1 3 8  5 9  I ) m 4 16  ( 7  1’O 59’I
in curine (It )  2 ’I 7 - 1  1 8 9  7-9 199 2 -5 0-8 1)-S 60-0

‘l ’ ot m m l
radio—
mi c-tl vttv (A) — — -— — 4-8 (( - 5 ( ( - 2  0-2 5 - 7
iii foic-ec ’s ( lh ) — ‘ —  — — 3 5  1 3  ( ( 2  (( ‘4 S’4

ileagle clogs we’re - semh cutoin ecius lv injected wi th  mm S tug kg du u se m i t  nuun—rae (ioacrive cocaine
ns vmc ’e’ do mmlv f u r  6 we’e’ks , the n with 5 mg kg in trac -enuic is duuse ’ m u f lri nmt ’m l l )c i u cm i i ne’ in the’
e’h rmu n me - experim ents .

l)ou to i repre sent mt’oi n va l s i c ’s obtained from 2 female hc’agle’ s h mug s  ,-\ an d B. 1,’ri ne was
cu , ll e’ ct e ’uh r hrm , c mgh an indw el l ing catheter every hour up to 6 h ; ,  thereafter  mmri ni d ’ and faeces
sc-c rc  col lt’e’te ’d in me’tabu ul ism (‘ii~~d’s. ‘I ‘rm ic ’c-s u if Ir s-u ’ d i  md- mit nc Cu mnt t nu ed i s  m be’ e x c r e ted r n
urine ’ and t~u cs ’u s  for several dmmv s .

* S r i  list is - mm I c m  mni p m t m u  >n i i  u ri C rum in — c iurr e ’hsmt e ’e h ‘ / ‘ ic - st  ibm m i c e - si r i o sign itic sur st differences
in c- m mlu m c’s iii ’ free’ cocaine’ in i i r i y i i ’ . fm m i - i ’s-s ’,uncl t m in t l  r ach m mi oi c tnc - n tv  in (as- c - c’s i n the’ mie ’ute ’lv and
e- h rum nic al l v  t re’oi te el shui gs .  ‘L ’ um ta l r muc l ium a ctic ’ i t v val u e-ms in urine ’ how e’s-er , svi’rs’ sign i ticmmn tlv
highe r (P - (( ‘05 ) in the- chrmmnicallv treomtcch m us compare-cl r uu  the ’ ac ’umtc ’l~’ treate d dogs, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S.,, ,fl, L ,S.~!fm1, ’ !: ~~~~‘i’ 
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S ing -k g intravenous injection of [3 1 l]cocaine. ‘l’lw rate of d isappearance of
florc ocmmine fro i i i the brain of chronic mmllv treate d dogs si mis similmu r to thm m t in the
mic ute group. I .ike e’oCm iifl e , fl u) pd ’i’SiSt cflce or accm,mni u lat ion of norcocaine was
observed in the CNS of the m i c cm tc or chronic clogs. In hrmi ins  of chronical l y
t rc ’mite ’cl clogs , the’ mumoem nt of henzoylnore e-goninc cv ous mipp r ox im at clv 4 times that
in the acutc clogs (46( 1 rug g) mit ( ( ‘S to mut i d tcc ice t h i m it  in the’  mme ’tile (73 11 m m d  65(1 ng-g)
in t h e 4  and 24 h pe rio d . ‘l ’he ’ mumoun t  (if benzovlccgonine in h r m t i n s  u ) f chronica l ly
treated clogs however , ~c mis m i pp r ( tx i imI mm t e l V one—th i r d  cuf t ha t  in the m m c d m t c  group

1( 14(1 ng .-g) mi t II ’S h mm cl approxi m mu t elv  twice that in acute (280 an d 25 ng -g)  at 4
mmcl 24 h after  inj ection. Ecgoninc wmus present in seve’roul—folel higher concen—
t rmmt i c ) f l  in bmm mi ns  of chronically trcmmte ’c l dogs as cui tnpa re ’d to t h e  muc em tc I ( - S h post—
inj ection.

t rin ar v and jae ca l excr etion 01 cocain e and its n,etalj olite,c : I)ata on the ’ com-
parat i ve urinmi r y mmn dl fmmec m i l excretion of free coc omin e -.mnd total rad ioact iv i t y
follo wing  S mg kg intravenous close of ring—labelled [~1 ljcocaine in 2 clogs in
both group.~ mute g iven in ‘l’mmb le ’ 4. The muo lount  of cocmiine m ip p e ’m i ring in the
urine’ cuf acemte ly and chronical ly treated clogs represented only a smmm ll  per-
centage of the itijectecl close and van ce! in 2 ani t u m u ls  (0.9 , 5 . ( ( m i ,1 in the mmc u t e ,
2-2. 3 .3 i)~ of chose in the chronic group).  Simi l am l ~’ , the excretion of cocaine’ m is
t ime p erccntmug c o f  close in fmueces in the’  mmcutc  dogs wmm s 1 1 , 16; munch 02 , 0-3 in t h e
chronic g r u u u p .  Major excretion of t otm i l radioact ivi t y occurred in the u r ine
w i t h i n  24 h mift er inject ion in both ac dmte mmnd chron ic  groups. Excretion of
it o c tabo lite ’s m is re flecte d in ~‘mm1 ue s of total r ad iomic t tv i tv  hcuwev er , continued for

Tabl e ~~ . Comparative urinary metabolic profile of cocaine in acutely and
chronically treated dogs after intravenous t3Hlcocaine

i’sle’a n ml of chose excmeted*
Acute ’ (‘hr um nict

(,‘ocm mi ne 2 -9 2-8
Norc oc’aine ’ ( ( - 8
Ecguun in e nie’th vl c’ste’ m 0 1  (1- I
Itenzcwlecgonine 2’S 3 8
It enzovln or e’cgmun itie’ 9-1 6’9

~‘cu) r ecgon inme’ 0 9  2 - 2
Ecgoninc 371  33’t )
Uni eh e’nti ti ec l metomb iulites 5- 6  6’7

Beagle dogs cc- c- me suhcemtun c ’ous lv injected with  oi 5 tog kg close’ of non—radi u mact i v c
cocaine twice daily fuw 6 svc’e’ks , t hen with a S mg kg intr mu ~-enodms duuse of [r ing- 5H~cocai ne
in the chronic e’xpe’riment s.

Data re’pre ’scnt mean values frmum 2 femomlc’ beagle dcugs for each group. ( ‘ mine ’ sc as
cu.ill ec ’tc’c I in me ’tabi il isn i cmmg es.

*‘l’he mean pe ’mcentomgc of dose’ e- xc ’mc’ t edl in 48 h oift cr inj ecriu un of labe l led cocain e’ was
in t he’ ou c u mte group and 5 m ’0 in t hic ’ chr iun ic gr oump.

‘f’ I’he ’ values mm f free cocaine’ in in el i c’ i c lu mo ml an iri u omls in acute l y and chr umnii ca llv tre’ated cimigs
clc ’c-mateel apprcu xrr ua te ls - ± 25 and ±. 2 )) ,, f r ium the’ ru e-min i respect ivel y .  ‘I’he e s t i m a t e - s  of
met ahuu li tc -s in inel ic -ielua l animals obtained fr uuru the rac h imuscans u u f the t I c .  d ev i a t ed  ap—
pr u uxun i mm t e’lv ± 20 and ± 15 from the ’ m e - m in u s in the ’ ac uir c ’l v om nd e ’hr u un m c o i ll v i r e -m u te-cl clogs
respectively. Stou t i s t i c , u l  cuumparison m i t ’ t hese me ’omns and deviations using stand ard niun—
cuum rc t ou ted / ‘ tes t  showed that thc ’ s m m l m m u ’ s  in the’ 2 gruuups we ’re not . ign if i cant lv  di tfe -r emit.
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severmml days. There was a compmmratic’ely hi gher excretion of tota l radioactivit y
in urine mis mm percentmmge of dose in chronic (50) 6(1° ,)  mi s compared to the  acute
(48 - - 49°

~~)~ 
but total radioact ivi ty ymilues in faeces cc- crc hi gher in the acute

( I3 _ 20 uu 51) than in the ’ chronic group (5 _ 6 mm
~~). Excretion of total radioact ivi t y

as percentage of dose in urine an t I faeces in the tc vu grou ps was , h uuc v c v er , very
simila r .

L ‘; - ina rg ,netahoiites of cocaine.’ Norcocmuinc, henzoylecgoninc, henzoynorecgo—
nine , norecgonin e , ecgonine meth y l ester , mind ecgonine’ cccre identified as ur inar y
metaholites of cocaine in both acutely and chronical l y treated clogs . . -~ppr oxi-
mate ly 5~ 7°~ of the radioactivity was present as unidenti f ied urinar y nieta h olites
in 48 h urine of clogs in h(uth groups. ‘I_ li e cuflhI pmmr -a~tv e’ uninmir\- metmubo lic
profil e in ac umt e l v ou n el chronically treated! d ugs is given in ‘l ’ m i h l u -  5. ‘l ’here were
no si gnificmint differences in the mean pcrcentmmg c u) f dose excreted ,ms norcocaine
and ecgonine methyl ester or uni d entifie d im ict aho l i tes.  l lenz ovlnone cgonine
and ecgonin e were excret e’d in hi gher  mmmo un ts in a cem t e m s cotm iparee l to the chronic
group and the amounts  c) f henzoykcgonine and norecgonine were lower in the
acute as compared to the chronic group.

Discussion
The rationale for the nieiltiple inj ections of l abelled cocaine in clogs chronicall y

tremuteel with non—labelle d cocaine has been discussed earl ier  ( \ h i s r a  et a!., 1975 a ;
Navak et a!., 1976). Rap id metabolism of cocaine in dogs cc-as indicated by the
hi gh levels of rae !ioactivitv due to metabolites in bile at carI~’ times oifter injection
and excretion of onl y a ver y  small fraction of t h e  dose as unmetabolized cocaine in
urine and fomeces. ‘I’h e faster mohili~ ation of cocmu ine f r u u t u  the fat tissue of the
chronicall y treated dogs was in sharp contrast to its prolonge d sequ estrat ion in this
tissue in chronicall y treated rats (N ava k et a!., 1976). Altho c ig h compm mr o it i v clv
hi gher values of ur inar y benzoy lecgonine and norecgonine , rou p id Lmn inar v elimin-
ation of cocouine nietaholites, and b uck of accu mulmit io ro  of radioact iv i t y  in tissues of
the chronically treated dogs may suggest a faster metabol isni of cocaine in this
group, no si gnif icant  differences in t~ values o f  cocaine in tis sues an d biolog ical
fluids were observed in two groups.

The exact nature of the unidentified urinary nietmiholitcs of cocaine is not
kno wn at the present time but partition characteristics of these in different
solvents indicated the highly polar nature of these metabolites.

The lower CSF-to-plasma ratio of cocaine in the chronicall y treated dogs
indica ted a rap id resorption of cocaine into p l asma from the US I” in this gr oup as
compared to the acute. ‘l ’h e lower hrmiin to plasma ratios (Fig. 3) in the chronic-
all y-treated dogs 2 and 4 h after injecti on as compared to the ac cite indicated an
altered distribution of cocaine in the two groups I h after injection of the drug,
‘I’he rise and fall of the levels of cocaine in the UNS of dogs in the two groups
coincided roughl y with the change of levels in plasmmm and suggested that penetra -
tion of cocaine into and exit out of the cell in the (‘NS must be fairl y rap id mind
an~’ significant intra - or extra-cellular binding in the the (‘NS must be freel y
reversible.

‘I ’he lack of persis tence of cocaine in the CN S of acutely and chronically
treated dogs is similar to that previousl y observed by us cc-ith thebaine, another 
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op im ut c s t i m u l m m n t  (M is r a  et a!. , 1974 c), htm t  not cc - ith op iate de ’pre ’ssmunts ( M i s rmi ,
Mi tchell & Wooel s, I 971 : M isrmm & Muk , I i)7,~ ; ms I isr mm ci al ,, 1973 m m ; Misr om et a !.,
I c)74 a) . N orc (m cm u ine ’ , mun actic - e’ m e tm m bo l i t c  of Cocaine ( Misra ci oil., 1974 h ;
Il m m wks ci a!., 1974), mm lso cliii not persist in the UNS of tim e clog or the rat
(1\ I isr mi et a!. , 1976 h). \ letmub cmli stn of cocaine anti nurcocaine j im situ in the U N S
hocvcver , could leael to si gni l i cmmnt m i m i m o u m n t s  of p o l m m r me ’taholite ’s ben7.oy lc ’cgonine
mun d benzovlnorecgonine , which  posscsse’cl po t en t  s t i i n e ml m m nt  m i c t iv i t y  in t rmmc i s t e rn —
milI ~’ ito the ’ rat (M isrmu et a!., 10)75 h). ‘l ’ii e longer t~ ~~~ ben z ovlnor ecgonine ,
benzovlecgonine mu n ch ecgcufl ine in rout brmt in mind ! p lasmmi mis compared to co c m i in e
(M isrmu ci a !., 1974 d , 1975 h , 1976 mu ) may i t i ip lv a c on i l ) m m r mm t ic ’ elv slocver cle’arat ice
of these polar r i i e tmmh ’iol mtcs  fron i the clog h rm u in .

Persistence of p olar i i ict mm b o l itc’ s , ben zovl m u urcc gon ine and ben’i.oc,’lecgonine ,
in the ( ‘NS of the chrc)nical!v tr emutee l clogs , long m mfter  th e’ ch ismippe ’m i r aui ce of
cocaine mind norcocaui ne mu t te l ni oleculmir conlp lc ’x m utie ) n oil these rm o e ’t mmb ohites cc i th
Ca~ 

- i ons ( M is r m u & Muk , l i) 75 ),  coul d conce ivmmh iy  p lay mm role i t ì  time’ acc !uire dl
sensitivit y to cocaine ohse’r~ e’cl in clogs on chronic  tre ’omt n ie ’n t .  ‘I’he role of Umi~
in the electrical stability of the n euronom i mem iobr anc ( N m m r m m l i m m s h i , An d erson &
Mo ore , 1966), in inccar el cu r r en t  of mm ct i o n  p otc’nt imul (B mmke’ r , I locigkin & Ric l gcc mi s ’ ,
1971), in co ump ling the ci cc t n icm ml events of the  membrane’ to the p h v si cmlo g i cal
response of the cell ( Bianch i , 1968) mind re ’guim mtion of pcrm emmh iIit~’ of ce-Il ni em—
bro mne for ions mm cl nc c i t rmm l molecules (\ \ ‘h it tam , 196$ ; Romero & \\ ‘h itt am ,
I 97~ ; I Iolloszv & Nm u rmmh mm rmm , 1967) is cvc ll d o c u m e n t e d  Alte ra t ions  or cl is—
plmuc ein ent of neuronmu l mcmh rm mn c—h oun el (‘ mi~ 

- (which no mni mm h l y  keeps the mciii —
brane in mm conden sed stmmte) by h c’nzovlnorec goninc m m cl benzovlccgonine could
conceivably cmuusc mm c o nforn immti o n mm l chm un gc in mcr i ihrmine proteins le’mudin g  to
chmmn ges in p e r m e a b i l i t y  to Not - m in d K ~, el ep oI m in i ~.m m t iotm of membrane  m ind
exc i t m i t u u r v  effects. Concurrently , mm reduct ion in t i m e (‘mi ~ 

- —bin d ing sites (In
n o e ’mm mbrane ’ protein c (u uldi m mlso interfere with t h e’ release (if neurotransntitters ,
e’ , g, nor ep inep hirine’ an d mice tv l chol in c ,  -~u s time ’ mi c lsor pti on of local anesthetics
on the ’ i u en mo hrm m ne ’ induces a d!isord !ening mund expansion of the hydrop h obic
reg ions of the ’  membrane , mm mm !te rm m ti o i l  in the ’ in t c r fmmcimm l  tension at n ieni hrmine—
water interfac e munch moch i fic m m t i u n of energy trm uits fer (Seeruim un , 1972) , cocaine

— mi n d its h i pop h il ic  mn c ’tmm hi u l i t e  n or c ’ocmline cocilc l also contn ib t i te  in p a r t  to the
sensitization observe d in clogs on chrommic  t re ’ a t m mm ent .
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ABSTRACT

l~0flLeys were chronica lly-treated w ith cocailue , 1 ing/kg s.c .  tw ice daily for

the first week and four times daily for the subst .~quent 21 wee ks folio- -ed by

the same dose of [~Fi] coca ine intravenously. ‘[he t va1u~s (hr) ol cocaine

in  plasma , CSF , liver , kidney and heart of acutely and ch l-onical ly—treated

monkeys were 1.32, 0.85; 0.91 , 0.75; 1.60, 1.29; 0.90 , 0.91; 1.02, 0.91

respecti vely. In areas of the CNS the va lues in the acute and chronic group

ranged between 0.75—0.90 and 0.62—0.84 hr respectivel y. With the exception

of teniporal cortex, cerebellum and caudate nucleus , the t~ were no t

signifi cantly different in 2 groups. Norcocaine , benzoylnorecgonine ,

benzoylecgonine and minor amounts of ecgon’ine were the metabolites of cocaine

in brain of monkeys. Signifi cant amounts of total radioactivity due to

benzoylnorecgonine and benzoylecgonine persisted ‘in the CNS of chronically-

treated monkeys. Norcocaine consti tuted approximately 3,21 , 8, 6% of the

values of cocaine in the CNS areas in the acute and 14, 13, 14, 16% in the

chronically—treated monk~ys 0.25, 0.5, 1 and 2hr after cocaine injection.

Biphasic pattern of peak levels in plasma and bile of chronical ly-treated

monkeys indicated entero hepatic circulation of cocaine. Brain to plasma

and CSF to plasma ratios of cocaine were higher in the chronic as compared

to the acute group. The amounts of cocaine excreted in urin e and feces as

percentage of dose were 0.23-5.1; 0.1-0.23 in the acute and 0.54-7.O;O.l.-O.14

in the c’.hron’i c group. Major excre ti on of radioactivity occurred in ur ine

within 24hr and the mean values of the totd l radioact ivity in urine and fr c~s

(~i~hr ) ‘in the acute and chronic group ‘,-:e; -c’ 60.4 . 63.2% of dose respectively.

fiorcoca i t ie , benzoy lnoreccjoni no , bellzoy lecgoni ne , ecgon ine i~e thy 1 ester ,

ecgon ine and unidenti lied compounds wore the urinary nietabol-i tes of cocaine

in the 2 groups. The percentage of benzoylecgonine was higher , that of

benzoylnorecgonine l ower ‘in the chronic as comparer ! to the acute group and the

values of other metaholite-~ ~‘z~re not lr-:trkedly different in  2 groups . Data support

the pos~u1ate that chronic treatment of mOnkeyS with cocaine does not produce
di ‘ plus i ti ona l tol era n’:e.
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Recent increases in the abuse of cocaine in the current du’uq sub.-

cu lture have led to an increasing conc ern over its e lects on prolonged

administration . Al though few syste mat ic.  .studies on the pharm- coloqy of

cocaine ‘in man have hoc’s reported (1), studies in the sas~ey (2—4) hove

established the strong psychic dependence potential of cocaine bet

little or no tolerance and physical dependence liability . Consic’erahle

evidence exis ts  for a reverse tolerance or increase in sensit ivity to

cocaine on repeated dos ing (5—10) . Apart from a recent study in the

monkey (11), no information is available on the biological disposi tion

of cocaine in this species. We have extended our previous work in the

rat (8) and the dog (9) to investigate the disposition and metabolism

of [3ii] cocaine in acutel y and chron ically-treated monkeys ,a species

which exhibits psychological effects so characteri stic of chronic

cocaine dependence in man .

MATERIALS AND F-IE TH OD S

The preparation of [3nj cocaine h~ s previously been described (12)

Randomly - labeled [3 F!] coca ine (sp . act .  /~() pCi / r- iq ) was used in com parative

tissue distribution experimen ts and rii~~-1aheled cocaine (sp. act.

48 pCi/ mg ) for excretion and metabolic studies because of the in vivo

inetahol i c 1 ~ubi ii tv of rm “thyl ester an-i heienyl O r c m u 5 s  (~~) . Other detai 1 s

on radi oc ha~! i cal piu’i ty , is- :’ o~ of ( ‘‘ S t it ,i ti Oil j O bi ol o~j i cal materials ,

recoveri~ s , sneci licity of - ;~ .r’act io n i- roceclu res , technique for radio—

scanning of thin layer c’n r i  tour uss (~ e~pian ITLC , si lica ge l) , countin g 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5555~~ 5 ’~~~~~~~~~~~~~ 
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of r~~ ioa ct ivi ty ii Nuclear Chi(.a~5, N i h  111 l iquid scin~ i l l a t i on  ( :OUfl ter

etc. have been described (8, 13 , l’1) . The met heds of pi’r~- ra tion of

soi ples oi cli f lereri t i: ’trhol i tes of cocci m e have also been dascri b~tl (~
-
~
) .

An n :s-~ [ x ~- ’ m - i u , . r u t s

/\rU t(’ Stud I c~s

M u le  and female nusnko ys (N. MulatLa , ap p rox imately 3 years of age),

received from the supplier were tuberculin -negative and carefully observed

over a quarantine period of 4 weeks . Subsequently, they u,:ere transferred

to lar ge community cages accommodating ~ m onkey s where they were permitHd

compl ete freedom of movement. The housing quarter~; were a’ir~.cond it ioned

and the floors i:ere covered with wood shovings as litter to maintain the

animals in a dry and rel atively clean cond ition. The animals were ma i n—

tai nod on a diet of Purina r-’~onke v Chow ~nd continuous runninq ~‘ i-e r for

drin kincu purposes wes su7pl’ied to minimire any danger arising fi-n u stognant

water source . Food was w ithdrawn fu-om cages apsroxiinately 16 hr prior to

the administrati on of cocain e,

Mal e and female monkeys (3 .5-.~~,5 Kg) were transferred to a restrain-

ing chair and given intravenous in ject io ns oF 1 isq/H (free base) dose

of [~N] cocai no. After eppro :ut~ ía to periods of tins: , the anirc l s

sacr i f iced by a raHd I .v. inje ct io n s f  thiop~nLsi sodium , loll (‘ - -H h- ’

ex —san c ju i nat i o n .  b lood ss~: u 1 c s  n’ ‘ ( :O UE-cL5. l ill ~ir ,’ i r iHsu-.~ va ;s i s i nsu ’

tubes (Becto n-Dicki nso n Co , Ruther rord , N, J ,) ap~i-oxi ma lel y 1-2 ml a core

the selected time (prio r to the in ject ion of thiopental so d i lm ) by vein—

pnnc ture . Pl asma i mme diately ohtai ned by ccntri fu~jationi uss qu ick ly f i’er’nn

(_2 00).
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Bra in , heart , lung, liv er , kidney , intest i  no , l!1USC IO , fat etc . were

quickly removed , wa sh ed w ith ice—cold O .92~ saline , w ined dry m i  t-i ssuo

paper , wrappe d in aluminum fo i ls  and these t issues and sam ples of 1) -il e

and cerebrospina l flu id were stored frozen until ana lvs e ’J. Prior to

ana lysis , bra in was carefully separated into various sd ected an u t r : ;  c~ I

areas and these and- other tissue samples (approxim t ’i’j  1g. wherever

poss ible) were homogenized in 0 .5 N Nd with a teflon pestle to provide

a 10 or 20% homogenate , Duplicate samples ( 2 nil ) of these homogenates

and diluted plasma (1:5 w i th water ) were analysed for free cocaine and

total radioactivity as previousl y descri bed (8 ,9).

• Chronic_studies

Five monkeys were injected subcutaneously each w ith 1 mg/kg (free

base) dose of nonlabeled cocaine twice da Ily(at 10 1~M and 3FM)for the

f i r s t  week and -four times daily beL.’.’een (8:30 A~-1 and 5:30PM ) for the sub—

sequent 21 weeks. A 1 mg/kg s .c . dose of [3i1] cocaine was then admin ’-

istered four times during the day fol lowed by a ter -~ ina1 dose of  labeled

cocaine by i .v.  injection the next day. Samples of plasm a , bile , csr and

tissues were obtained at var ious time - intervals ~nd analysed for free

cocaine and tota l radioactivi ty by the previous procedure (8 ,9) .

In the cou rse of chronic st ud iE : s, peu ’iodi c wH sh L check , bl ej -i arid

ur in~ analys is  we re carried out.

Un na cv and focal excret ion or ri rue- i ~~~ ed ~ ~ 1 ce- si nu - in ~~~~~~~ ~ lv ~u

chronicall y-treated ~~on ey s :

Fol low inq a 1 n~ / kg i .v , dose of rinq -lahel d [~ ii] c’eca iiie in 2 female

monkeys , ur ine was collected at h c n u i y in tnu ’va l s f rns~ an incl- ,’ie ’l l i ng Bardex—

Foley cattie ter (Fr, 
~~
) for the first six hour s of i nject i on .

-- - 5- -- - - ‘ - 5 -~~~~~~~~~~ - .~~~~~- - 5 5 -  5 - - ’- ~ -‘ - 5~ 555
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The monkey s were qi v r i  1 . ma. i nj cc Li on of’ 501 u trilflI C~~i ( ~o /ku ) 6 , ,

and 72 hr a ftcr the 1 ruj ec l ion  of  co ca ii: La orevent in lecticu Us is .5- end

feces were subseque n tly (:01 lected -; ii - ishol 1 snu caqe~ every 2” hr for ‘

days . After collection of urine sOu ~ 1cS , cages were wa shed wi th a sea l 1

vol nine of water and the w as h 1 ngs ~-,eri’ added to the s cflip i s . Al 1 5 ;)l Cs

were kept frozen unti l analysed - Feces en-re homo~eri~ cod in a kno wn

vo lume of 0.5 tI MCi , -f iltered through a coarse cloth and al iciuots of

fi ltrate analysed for free cocaine and total radi oactivi ty as previously

descri bed (8). Aliquots of urine diluted w ith ~‘iater were similarl y analysed .

The same monkeys used in the acute experiments were treated chronically

w ith nonlabeled cocaine ( 1 mg/kg s .c . )  tw ice daily (luring the ‘first ~-:euk ,

then 4 times daily with same dose for a period of 3 wee-ks , fo llowed by a

single 1 mg/kg i.v. injection of ring-labeled [DIII coca ine . Ur ine and feces

were col lected and anal ysed as ohcuve .

Identification of cocaine isetaho l i tes in the br ain arH urine of acutely and

chron ically-treated monk s ,

The method used ~-;-as essentially similar to that descri bed earlier (9).

Pol yacry l ami de ~~~j~ e lee Iroph ores is of pla sma p roteins in the a cutely a nd

chronicaily-treated monkeys ,

Elec~rophoresis of plasma samples w as done as desc ribed earlier (15).

The 1 mg/kg (free base) dose of cocaine by i.v~ injection oroduced

rest lessness and exciteme nt in the monkeys immediately after injection hut

no convul si ons 
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Wi th  hi qher doses (5 mci/kg i . v.) convul sions occurred ‘intermittently and

started w i t h,~5 n u n  of injection . along with the spasmodic late ral move-

ments of the head. These ef fects lasted ‘for 1 hr and ‘in some monkeys ,

this excitatory phase was fol lowed by depression in wh ich the animals

went into shoc k arid died of resp i ra tory and cardiac arrest 2.5 hr after

injection. A 3 mg/ kg i.v. dose of cocaine produced ranid breathing,

restlessness, tremors, spasmodic movements of the head and intermit ten t

convulsions immediately after injection and these effects lasted for

approximately 45 m m .  Some animals went into Dost-stimulato ry depression

phase 2 hr after injection even with this dose and died 2 hr later. With

these doses, hyperthermia (approximately 43
e
C) was observed in all moo-

keys. The exact cause of dea th in  these monkeys is not clear. A sensiti-

vity to cocaine or lack of adaptation to the primate chair and consequent

stress during the onset of convulsions could possibl y be involved . Cl i-

nical analysis of blood obta ined by cardiac puncture immediately after

death showed low levels of blood sugar . Significantly high levels of

meta hol i tes e.g. benzoylnorecqoni rue and henzoylecqonine were observed

in the areas of the CIIS ol the post-mortem samples .

Durin g the course of chronic treatment wi th cocaine , a marked craving

for drug was observed and the anima ls would come out  of the community

c ue in an c :’de ’iy fashion to o Ff- ’:r LH :~ hack s for s .c .  in jec t ior - 3 . Ow i ng

‘t he course of ch~- : ’j c  trea tment ,no s ic ;uiif ic ant chanac in food intake ,

physica l condition or body wei ght wa s observed in response to cocaine .

Repea ted adm inistration (1 mg/ kg s .c.  four time:; r day) of cocaine induced

very rapid psychological dependence in the monkeys.
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Comaa rci t iv e clistr ibiJ- io n of ’  [~I{ ] cocaine in b~o Io q ica l ii tu i d’~ and ti s-aiec

of acute l”  and chroni C r1 11 y -trea ted monkeys .

Data on the di siribulion of free cocaine in biolo~ ca l f l ui’k and

tissues of acutely and chroni cail y-~treated i::o ruheyn ; ~FLer 1 mg/ kg (free

base ) close of [3H] cocaine by i .v. injection ore given in l’ah le 1. T he

values of free cocaine in bile of chronica lly-treated monkey s were

initially higher at 0.25 , 0.5 and 4 hr and comparativel y lower at 1 and 2

hr as compared to the acutely--treated monkey s , The values in liver were -

higher in the chronically-treated group as compared to the acute at all

times. The values in kidney , lUngS ,spl een, pancrea s, small intestines ,

fat and heart were initially higher at 0.25 , 0.5 , 1 hr in the chronically—

treated group but fel l somewhat lower than those in the acutely-treated

mon keys at later times . tic marked diffe rences in values of cocaine were

obser ved in duodenum and muscle in the 2 groups. A hiphasic pattern of

rise and ‘fall was observed for free cocaine in plasma of the chronically~-

treated monkeys and these values were s l ig ht ly higher in chronically-

treated monkeys as con 1aa red to the acute up to 1 hr. The ti. values of

coca ine in some t issues and f luids of monkey s (Table 3) although cosupar-

atively l ower in -the chronical ly — treated animals , were nok siqnif icui tly

different ‘from those i ci the acu tely—tu-eatect iao:ikeys.

- 
- The values of total radioact iv i ty (as coc a ine equ ival ents ) co ; w~is ing

f~w - -c cs ce’ i ne u] u ~ uaet abn li Las m a c a  coen rat ’ ivc ly hiak ‘ ‘ i n  hi e , s - ’!cwci ,

in t e s t in e , pancreas , f a t , heart and musc le in the chron i col ly-t reat ,ed

monkey s as compared to the acute . The values in l iver , kid n ey and duo den u u

were co!- lparaii vely lower in the chronic as compared to t he acu te. The vii e- ’ -~
in lungs ‘initially hi ker up to 60 w in ,  dec 11 ned to v a lues lower than those

in the acute curoup at later times.

- ‘5’ - -- - 5 - -~~~- - - 5- -~~~“~~~~---—.u’~~~~ 
- 5 ’ ‘- 5—
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Distribu t i on of co cai ne in selec te d ana tomica l areas of the C~IS of’

acute ly and chrd aljy-treatcd monkevs

Data oi u the distribution of free cocaine in selected areas of the

CMS and in  CSF of acutely arid chronically-treated monkeys a lter 1 inq/kq

(free base) dose of [si-i] cocaine by i ,v , injection are given in Table 2 .

The values of free cocaine in var ious areas of the CMS and the CSF of the
1~,~chronically-treated monkeys were hi ghe r at 0.25 and 0.5 ,~as compa red to

those in the acutely-treated monkeys , These values in the chronic group

were either simi l ar or lower than those in the acute group at later tines.

With the exception of cortex ,cerebellum and caudate nucleus , the ti,. values

of cocaine in selected areas of the  CNS although comparatively lower in

the chron ically—treated animals , were not sign ificantl y di fferent from

those in -the acutely-treated monkeys (Table 3).

In genera l, the values of total radioactivi t y (as coca ine equiva lents )

compr ising free cocaine plus metahol i tes were higher in all areas of the

CNS of the chronically-treated monkeys at all tines after administration

0-f [3H] cocaine. The values in CSF in the chron ically-treated monkeys

were approx imately twi ce those in the acute group.

Coi~parat iveJDrofile of metabol~tes of co caine in the hrain of acutely ~~

chrortical 1 y-treated nonr ’ey s .

Norcoc o ire l ccn ’/_oy l nor u~, On ne , k e n z o~’l ecqon ma a und ‘I non iinuun ts ef

ecqonin e were observed as metaboli ~eS of cocain e in the CLS of acutel ’,’ ~a cd

chronica l ly-treated monkeys , Norcoc;ninie , determi n r ad from the rad iosc a ns of

tic of bra in extr acto at di F-feren-t. time s after 1 ing/kq i .v. injection of

[sd] cocaine by a prev ious procedure (9),  const i tuted a~p~oxi ;ia te ’Ly 3 , 2-1
- 

- 8, 6~- ’- of the total va lues exn ress ~~i as coca m e  0.25 , 0 .5 ,1 ~nd 2 hr alter

~ 

-_,_,_,._ ,,, -u]le rrr ’~ , ‘ - t r r - r ,~ ‘ flu ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - !n’ r r -’ —
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coca ine injection in  the acute exper ime nts and 14 , 1 :~, 14 ,1 62~ resnect i vely
£n c c , u u : r ~~, 

gfi~ 5~,cin the chronic experiments. Befl7oyl norecyoni nra vol uas,~were ai)proxiunate ly

15, 7 , 5, 2. 5, 10 times those in the GUS of the acutely—treated -wnlku ys

at 0.25 , 0.5 , 1, 2 , 4 hr respectively. The content of hani zov lecq o nine

i n the CU S of c h r o n i c a l l y-treated monkeys although similar in -the 2 qroups

at 0.5 hr was approximately 1, 5 to 2 .5 times higher in the chronic group

as compared to the acute at subsequent times. Wi th higher i.v . doses

(3 and 5 mg/kg) of cocaine , the same netabolites were observed iv y the

CNS of monkeys . In all cases of death with these higher doses of cocaine , -

the content of benzoylnorecgonine in the CNS was found to he markedly

higher than that of norcocaine . In 4 monkeys which died in the post—

stimulatory depression phase after cocaine administr ation , the values of

benzoy lnorecgon’ine in brain were 19, 4 , 2,6 t imes those of norcoca’ine

respect-i vely,

Brain to plasma_ rati os o f cocaine ‘in acute ly and chronical ly-treated_non ke~ys

W ith the exception of values at 1 hr after cocaine inj ection , the

values of bra in to plasma ratios of cocaine 0. 25 , 0.5 , 2 and 4 hr alter -

injection we re comparatively higher ‘in chronically-treated monkeys as

compared to the acute (Fig . l).

CSF to plasma_ r_ tios of c c a i 
~L 

acu lelv and chroni call “-treated fl 1~~ 1kf l~ ’S

W ith the except i on of val ues at 1 hr , the CSF T La’ plas ma rat ios  0. 2~ ,

0.5 , 2 and 4 hr af ter cocaine inj ec t i on were cocp i rat ive ly hiaher in the

chronically-treated monkeys as compared to the acute (rio 2)
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Elec trojhoreti ç p ,~asm a— prote i~~pro lile in acu tejy and chron ical ly-treated

~~~key~ .

Polyacryl uniide gel electrophoresis of proteins from the f reshly prepared -

plasma of the contro l , acutely and chronically-treated monkeys did not show

any observable differences.

Urinary and fecal excretion of _free cocaine and total rad ioa~ rJvj~~~in the

acutely and chronically-treated monkey s.

The percentage of dose excreted as free cocaine in urine in 2 animals

each in acutely (0.23, 5.1) and chronically-treated (0.54, 7.02) monkeys

differed considerably (Fig. 3)-. Fecal excretion of free cocaine in both

groups ranged between 0.1 - 0.2% of the dose. There were no significant

differences in the mean values of total radioactivity in urine in acutely

(55.4%) and chronically-treated (56.2%) monkeys . The mean fecal excreti on

of tota l radioactivity was 4.95 and 7.0’~ of the dose in the acutely and

chronically-treated monkey s respectively. Major excretion of total radio-

act ivity and of free druci in urine occurred wi thin 0 to 6 and 6 to 24 hr.

in both groups .

Comparative urina y~~etabo lic~~~ofile of cocain e in acutely and _ chronica lly-

treated_monkeys .

Norcoca ine , benzoy lnorecqonine , b e n z o yle c a o n i n e , ecqonir v e me thyl ester.

ecqon i ma were the or ~na ’y metabo l i tes ol cocaine ii n : , 
~~~~~~ ~ f l ,u 2 “aj~ .

(Fig. 4). The percentane of dose excreted as henzoyl racqonine was hig her ae d

of benzoylnorecqonine lo’,ier in the chronic as compared to the acute group.

The values of ecgonine me thyl es ter , norcocaine ~nd uniden t i lied i~ot~abol iI,es

were not marked ly di f ferent  in 2 groups . No attempt w as “ade to cha racte r i :e

the unidenti lied metahol i L~s of cocaine ~‘ih I ch were highly polar in n n t,ure

I-
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DISCUSS I 0L~

The rationale for the multiple injections of labeled cocaine in exueri-

mental animals chronically—treated with non —labeled cocaine has previously

been discussed (8,9). As in the case of the rat and the dog (8 ,9), hig h

levels of cocaine metabol i tes in bile and excretion of only a very small

fraction of the dose as unrnetabolited cocaine in urine and feces of monkeys

indicated very rapid metabolism of cocaine. The use of one animal each at

different time periods in the acutely and chronically-treated groups pre-

cludes a statisti cal comparison of the individ ual values of cocaine in the

2 groups . However , a valid statisti cal comparison of the rates of dis-

appearance of cocaine in 2 groups could be made from the slopes of the semi-

log , regression plots of values on the distribution of cocaine in tissues

and f luids of animals in the 2 groups . W i t h the exc e pLio n of temporal cortex ,

cerebellum and caudate nucleus (Table 2) ,  the t’~ of cocaine in other areas of

the CNS and most of the tissues of the chroni cal ly—treated monkey s were not

significantly different from those in the acutely-treated ciroup. This would

sugges t that chronic treatment of monkeys wi th cocaine does not produce dis-

p o s i t i o n a l  to le rance ,an observation in accord wi th the recent work of Kibbe

and Wilson (11) in the monkey and our previous work in the dog (9)
~r~J ~~Biphasic pattern of peak levels of cocaine in plasum ieri suerc~t

ente rohe patic ci rculatio ni of coca ine in the chronical ly--treated oo~oy.

Higher CSF to plasma ratio ’ s at di fferent times in chronically—treated

mon keys indicated a slower resorption of cocaine into plasma from CSF in this

group as compared to the acute. Differences in bra~n to plasma rat ios at

different times after injection indicated an altered distr ibut ion of cocaine

L__ ~~~~~~~~~~~~
_ _ _ _  -- --
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in 2 groups. The lack of persistence of cocaine and its lipophil’i c

metabol ite norcocaine (16-18) in  the CNS of the monkeys i n both qro’~~
was s imi lar to that observed earlier in the rat and the d~-~ (8 ,9) and

suggested that the penetration of cocaine into and the exit from the

cell in the CNIS of the monkey must be fairly rapid and any significant

intra or extracellu lar binding must be freely reversible. The longer

t½ of the polar inetabolites , benzoy lnorecgonine , benzoylecqon ine and

ecgon ine in brain and plasma as compared to cocaine and norcocaine (19-2 1),

which probably accounts for their persistence in significant amounts in

the CNS of the monkeys and the ability of these polar netabolites to form

complexes with Ca2~ (22) have been implicated by us (8,9) to play a possi-

ble role in the reverse tolerance or increase in sensitization to cocaine

on repeated dosing reported by several workers (5-10). Other authors (23)

have however suggested that progressively increasing effects of coc aine on

pat hological behavior and seizures rather than tolerance in experil nen al

animals may be related to electri cal kindling, a phenomenon in which re peti-

tive subthresho ld s~mu lation of the lim bic system is eventually associated

with major motor seizures .

Recent electrophysioloqical studies in our laboratory (24) with cocaine

qiv~n by constan t i .v. infusion to the monkey , have howev er, shown a

pr c~ res~; Iv  a increase in d ‘ily ~ n im “I convul s~nL dose of cu(-eine up~r

chron ic administration and a marked reduction in stimu ’iatory effects of

cocaine on heart and respiratory ra tes fo l low in g  daily injecti on of the

same dose of coca ine. In our d isposit ion studies and those of others

(5—7,10) in which reverse tolerance or increase i~ sensitization on 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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chroni c cocaine trea tnaent has been observ ed , the comuound has been

general ly administered sys teunically to the animals in suhconvulsant doses.

In view of the very rapid metabolis m of cocaine , its ef fects  var ied  cons i-
~~~~~ .Th~derably w i th thejoute of administra t ion . It is conceiv a ble that the

neuronal mechanism underlying tol erance to the convulsant e f fects  of

cocaine  in  the  monkey (24) may differ from those for other excitatory

effects. In regard to the concep ts of tolerance or reverse tolerance

to cocaine , recent electro, physiolo qical studies (24,25) have underscored

the need for a rigorous delineation of the particular response measured

and limi ting of conclusions solely to thos e res ponses .
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LEGENDS FOR F I G U R E S

Fi g. 1 Brain to plasma ratios of mean concentrati ons of cocaine in

acutely and chronically-treated monkey s fol low ing intravenous

injection of 1 mq/k~ (free base) dose of [3H] coca ine. Da ta

represent mean values obtained from the ratio of concentrations

of cocaine in 10 selected anatomical areas of brain to plasma

at different times after injection. Acute studies are shown

as solid lines and chronic studies as dotted lines .

Fig. 2 Ratio of mean concentrations of cocaine in cerebrospinal fluid

to plasma in acutely and chronically-treated monkeys following

intravenous injec tion of 1 mg/kg (free base) dose of [3H]

cocaine. Acute stud ies are shown as solid lines and chronic

studies as dotted lines.

Fig. 3 Cumulative urinary and focal excretion of free [~ lI] cocaine and

tota l radioactivity after intr avenous injection of 1 mg/kg (free

base ) dose of’ [~If] cocaine in 2 acutely and 2 chronically -treated

female monkeys . Data represent mean percentages of dose excreted

at different Limes from 2 female mnn!-m ”~ . For the chronic stndy ,

the same monkeys used in the acute stuiy were given s.c. in--

jec t ion of 1 mg/kg dose of  non-label ed cocaine twice daily for 1

week and 4 times daily for subsequen t 3 weeks before t he final ~.v.

injection of [ r inq— -’H~ cocaine.  Urine ~- .‘as col lected through an

indwell ing ca theter every hour up to ~ hr and thereafter urine

-5- 5--- ~~~~~~ --5-- - --5- - _ _  —~~~~~~~~~~~~~~~~~
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and fec es were collected in metabol ism ca nes.

Fig. 4 Comuarat ive urinary prof i le  of cocaine and its nietabolites in

acutely and chronica lly-trea ted monkeys after a 1 mg/ kg (free

base) dose by i.v. injection. Data represent mean values from

2 female monkeys for each grou p. The sche dule of chronic ex peri-

ments is stated in footnote of Fig 3. The mean percentacie of

radioactivity excreted in urine over 96 hr was 55.4 and 56. 2~ of

the dose in the acute and chronic group respectively. 

- -  5-. ,-~~~s *  - - 5—- --- - 5- ----
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TABL E 1

Comparative distributio n aof [~ii] cocaine in various tissues and fluids

( of the acutely and chronically_treated b rhesus monkey s at intervals

after a 1 mg/kg (free base) dose by intravenous i njection

TissuesC and fluids 0.25 hr 0.5 hr 1 hr 2 hr 4 hr

ACUTE

Bile 1.63 10.51 25.07 24.64 0.84

Liver 0.62 0.68 0.64 0.35 0.14

Kidney 1.57 1.18 0.96 0.32 0.09

Lungs 1.34 1.43 0.79 0.48 0.09

Spleen 1.21 - 1.27 0.82 0.37 0.08

Small Intestine 0.20 0.46 0.19 0.10 0.04

Duodenum 0.91 0.95 0.6) 0.26 0.10

Pancreas 1.66 1.36 0.79 0.32 0.09

Fat 0.17 0.37 0.10 0.33 0.04

Heart 0.30 0.42 0.26 0.12 0.03

Muscle 0.65 0.53 0.27 0.08 0.02

Plasma 0.05 0.04 0.02 0.02 0.006

CHRONIC

Bile 3.92 15.26 12.48 11.03 11.70

Liver 1.47 1.17 0.85 0.64 0.18

Kidney 2.29 ‘ 1.10 0.64 0.20 0.11

Lungs 2.74 2.08 1.09 0.28 0.15

Spleen 2.76 1.86 1.17 0.32 0.11

Small Intestine 0.59 0.57 0.38 0.13 0.03

Duodenum 0.97 0.72 0.44 0.20 0.19

Pancreas 1.66 1.94 1.12 0.26 0.11

Fat 0.17 0.46 0.33 0.08 0.04

Hea rt 0.65 0.51 0.31 0.03 0.04

-- -5_~~~~_~_~1~ - -5 - - -- -5- -  
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Liver 0.62 0.68 0.64 0.35 0.14

Kidney 1.57 1.18 0.96 0.32 0.09

Lungs 1.34 1.43 0.79 0.48 0.09

Spleen 1.21 - 1.27 0.82 0.37 0.08

Smal l Intestine 0.20 0.46 0.19 0.10 0.04

Duodenum 0.91 0.96 0.61 0.26 0.10

Pancreas 1.66 1.36 0.79 0.32 0.09

Fat 0.17 0.37 0.10 0.33 0.04

Heart 0.30 0.42 0.26 0.12 0.03

Muscle 0.65 0.53 0.27 0.08 0.02

Plasma 0.05 0.04 0.02 0.02 0.006

CHRONIC

Bile 3.92 15.26 12.48 11.03 il. ’O

Liver 1.47 1.17 0.85 0.64 0.18

Kidney 2.29 - 1.10 0.64 0.20 0.11

Lungs 2.74 2.03 1.09 0.28 0.15

Spleen 2.76 1.86 1.17 0.32 0.11

Smal l Intestine 0.59 0.57 0.38 0.13 0.03

Duodenum 0.97 0.72 0.44 0.20 0.19

Pancreas 1.66 1.94 1.12 0.26 0.11

Fat 0.17 0.46 0.33 0.08 0.04

Heart 0.65 0.51 0.31 0.08 0.04

Muscle 0.54 0.49 0.37 0.06 0.02

Plasma 0.07 0.03 0.06 0.01 0.003 

- ‘ . - - . - . - — .. -- _ - - _______—‘—-—-——-—- —

a. E~ch fi~ ti re r~~ircser .Ls nine: value (licrogram s per q. wet tissue weiq~t or ml, of ~flu - i d) ol,ta m e d  from the ~ce~keys sacrif iced at va rious ti~ e inte rvals.  Dupli —
cate determinations were performed on the individ ual tissues of each animal and
the results averaged. Ofie monk ey was used for each time period in acute andchronic experiments .

h. The monkeys were injected s .c.  with 1 mg/kg (free base) dose of nonlabel-ed
cocaine twice da ily for the f i rst  week and four times daily for the subsequent

21 weeks. A 1 mg / kg s.c .  dose of randomly-la beled 13Hj cocaine was then
administered four times during the day, followed by a terminal injection
of the same dose by i.v. injecti on the next day.

c . Morcoca ine constituted not more than 5~ of the total values expressed as
cocaine in  differen t t issues po’~sib1y due to its rapid biotransformation
to ~e 17fl/ 1 f lOrC- Lr i’i 00.

—- ~~ ‘..—‘- -‘..-~~‘..—~~.“....——.——-—-...—- -—------------ -. —.-- - — - - - — 
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TABLE 2

Comparative distr ibution a of [ 311j cocaine in selected tissues ol the

CNS of the acutely and chronica lly_treated b rhesus ~ionkeys at

various intervals after a 1 mg/kg (free base) dose by

intravenous injection

Selected tissues
of the CUSC 0.25 hr 0.5 hr 1 hr 2 hr 4 hr

ACUTE

Tempora l Cortex (gray) 0.82 0.98 0.62 0.20 0.04

Temporal Cortex (white) 0.84 0.91 0.63 0.20 0.04

Cerebellum 0.70 0.79 0.61 0.18 0.03

Spinal Cord 0.69 0.67 0.53 0.33 0.04

I-Iyp othal amus 0.77 0.82 0.57 0.20 0.03

Thalamus 0.78 0.85 0.57 0.18 0.03

Medulla 0.66 0.67 0.41 0.23 0.03

Pons 0.79 0.73 0.56 0.22 0.03

t~esencephalon 0.71 0.75 0.46 0.20 0.03

C late Nucleus 0.93 1.05 0.71 0.29 0.06

Cerebrospinal fluid 0.13 0.18 0.12 0.04 0.01

CHRONIC

Temporal Cortex (gray) 1.62 1.20 0.68 0.16 0.03

Temporal Cortex (~.,h i te) 1.37 1.10 0.69 0.16 0.03

Cerebellum 1.47 0.90 0.56 0.22 0.02

Spinal Cord 0.97 0 7 ~ 0.64 0.13 0. 05

Hypothalamus 1.20 0.90 0.52 0.16 0.03

Thalamus 1.33 0.99 0.52 0.13 0.03

f-Iedulla 1 .12 0.89 0.54 0.15 0.03

Pons 1.26 0.98 0.59 0.17 0.03

Flesencephalon 1.32 0.90 0.55 0.13 0.03

Caudate Nuc leus I .~ u 1 .20 0 .G~ 0.18 0.0~
- — -~~~~~~-.& -~~~~ 
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ACUTE

Temporal Cortex (gray ) 0.82 0.98 0.62 0.20 0.04

Temporal Cortex (wh i te) 0.84 0.91 0.63 0.20 0.04

Cerebellum 0.70 0.79 0.61 0.18 0.03

Spinal Cord 0.69 0.67 0.53 0.33 0.04

Hyp othalamus 0.77 0.82 0.51 0.20 0.03

Thalamus 0.78 0.85 0.57 0.18 0.03

Medu lla 0.66 0.67 0.41 0.23 0.03

Pons 0.79 0.73 0.56 0.22 0.03

Mesencephalon 0.71 0.75 0.46 0.20 0.03

C date Nucleus 0.93 1.05 0.71 0.29 0.06 -

Cerebrospinal fluid 0.13 0.18 0.12 0.04 0.01

Cl-IRONIC

Temporal Cortex (gray ) 1.62 1.20 0.68 0.16 0.03

Temporal Cortex (wh i te) 1.37 1.10 0.69 0.16 0.03

Cerebellum 1.47 0.90 0.56 0.22 0.02

Sp inal Cord 0.97 0.75 O.6~’~ 0. 13 0.05

Hypothalamus 1.20 0.90 0.52 0.16 0.03

Thalamus 1.33 0.99 0.52 0.13 0.03

t-k.~du11a 
1.12 0.89 0.54 0.15 0.03

Pons 1.26 0.98 0.59 0.17 0.03

Mesencephalon 1.32 0.90 0.55 0.13 0.03

o.i~ o.o~Caudate Nucleus L60 1.20 u .u-’

Cerebrospinal Fluid 0.29 0.24 0.14 0.04 0.01

a. Each fiqu~e ropresorits mean v a l u e  (micrograms per q. wet t issue wei ght or
ml. fluid) obtained f ro ,i the monkeys sacr i ficed at various time intervals.
Duplic ate determinat ions ware performed on the individua l tissues of each
anima l and the resu lts avera ged . One monkey was used for each time period
in acute and chronic cxoeriments .

b. The monkeys were injected s.c .  wi th 1 mg/kg (free base) dose of nonlabeled
cocaine tw ice da i ly from the f i rst week and four times dai ly for the subse-
quent 2 1 weeks. A 1 m g/kg s .c.  dose of randomly—labeled [3 J1 ] coca ine was
then adm inistered four times during the day, followed by a terminal in-
jection of the same dose by i.v. injection the next day .

c. Norcocaine constituted approximately 3, 21 , 8, 6 % of the total values
expressed as coca ine 0.25 , 0.5 , 1 and 2 hr after inj ection of [3Hj cocaine
‘in the acute experiments and 14 , 13 , 14 , 16 % respectively in the chronic
exper iments .

— - - - - - - -——--— -~~~~~~ — — - - —  5--— -—-5— -~~~~ - .~~~ 5 - — —  5- — -
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TASLE 3

Ila if_ lives a of cocaine in biological fluids , selected
tissues and anatomical areas of the acutely

and chronically-treated monkey sb a f t e r
1 mg/ kg (free base) intravenous

injection of [3H] cocaine

Half— ~ife (hy) cTissues and Fluids Acute Chronic

Temporal Cortex (gray) 0.80 0.64

Tempora l Cortex (white) - 0.80 0.66

Cerebel l um 0.77 0.62

Spinal Cord 0.90 0.84

Elypothalamus - 0.76 0.70

Thalamus 0.75 0.68 
-

Medulla 0.83 0.71

Pons 0.78 0.69

7-lesencephalon 0.79 0.68

( Caudate nucleus 0.89 0.70

Cerebrospinal fluid 0.91 0.75

Liver 1.60 1.29

Kidney 0.90 0.91

Lungs - 0.94 0.88

Heart 1.02 0.91

~~sc le 0.73 0.74

P1asm~ 1.32 0.85
~7 rho hal f—lives were calculated from semi—log regression plot of~

’va1 ues of cocaine
in tissues and fluids of monkey s given in Tables 1 and 2.

b. The~ checIule of chronic experiments is stated in footnotes of Tables 1 , 2.

c. Comparison of the slopes of the regression lines for different tissues and biological
fluids In 2 groups by ~t” test showed that the t 1/2 values in the chronically-treated
monkeys w ere sign if ic an t ly d iF ferent (p <0.05) from those in acutely-treated animals
only for temporal cortex (gray and white), cerebellum and caudate nucleus. The values

• for other tissues were not significantly different in 2 groups.

L _ _
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Separatum EX P E RIEN T I A .30, 1312  (11)74)

li irkhäu se r Verlag, 1~asei Sc hwc iz

P U B L I C A T I O ~4 NR 7

Id entification of Norcocaine as a Metabo lite of [1H ]-Cocaine in Rat Brain

( ‘c c c a c l l c  i i  a p owi ’r fi i l  c c -n t r a l  nervou s SvSt cIlI s t im u l a nt  .\ . i l . c i c - ~ i ,c c c l  M . I i .  5cc - c c c  ic— . 1. i d l c . c t c c c , c ,  . c \
~

c . lI~~r. i/c . 4 1( 1

I relat iv eIv si~ crt d Ora l i c cii . Ic ccv ma rg in I sa ( c t  v , 11 ig h -

t( mit t c c v l ( l t \  (I I) 0 1 in r ci 17 I ,j cud l i t t i c  I \ I > F \ c  ° 
I c c  

~ i c ~ ccc i \t  ii ac c I I Ii h cr111 1

recogni zed medical  u sc - . I ts  Inti -ilse c- up hor iant  aCt ion 3 I I .  (II i Nt Ic— and \\ . g 0 1  / ~~~~~~ h - s ; .  1~~th. I ) c i r i c c ak .  I 7cc 24c ,
- ads t c L very high (Ic ’grt C of lcsv h ic - cIc- p c-i cdt-nce 1. a~~ i 1 (33 .
p~ofi h i n d  and dantter oiis  tv l ) t  c t  r i ru g  cc [01St ’ . 1 ‘ Icvs ic ic l  .\. c c c - c NI cc— c cul  I V t-c c a tm I ,. x~c . [ c i t .  l ’ I , ar i i c cik .  (7” .

i11-pendtnce aiid t( ,Ier anct ’ Ic it s  ec ip hc n a  and tc  cx it  c ’ f f c ’c i s 34! 1 )35
h a s , however . nc ct hceen report ed to develop. in  spi l t ’ of -‘c. R . ~c l ,  I s  I vicI- I .  I h a r i c c c c c . c -np .  ic r . 7 . 133 1 ( 3cc .

1110( 11 work3 ii , the dcspc c s i t i c ncd and ii ic’taho li t  prof i le  of I. . ‘c.  \\ c s c i c  . I~ I . ‘cli \l i c i c c s  a tcc l  ‘ci. I I .  ‘ci I I I I c . . .1. I ’ I i a r n t c i c .

~~cc ( j i l t  in the central  n e r v cn l s  s V s t c i c i  r e l ua l n s  u n k n o w n .  l i a r , in! . 20c I N ! - .

I I  I s tuds  cit cm l%I t h  t l t t s c  P ur i n ) e t c r  c itci  cit t I l o n s t r u t s I \ (Ic-u , \ t O~ i ic I ru ( cc l  l~ 1
- . $ c . . ic s i.:ic _ l ’ L c n t , c  u c c c - c l .  cc , 29_I ‘ (c i

h u t  1) _ ol lifl e dl cppt i n t d  f c i r l ~ r pu l i s  fr icn i  t h c . n I t  
~ 1 -c s I T I I i  c c  t i c  ~ i i i i  ci I I Iii ‘ci

brain a f ter  ‘ c t .  ttiid I S .  I l l J i ’ c t n c l l s  ic ) iii a d d i t i o n  t o  the  I c i c icci cic . I \ ; c c  m c c - i c f l . c  18, 2 2 c
I o r i i i a t i c i n  iii Iieiizo~ ’it ’cgc 1111W , I)CllZO\ !llc c r( c.g o l l I t l c  ar I d  I ’ . ‘c l c c n  i i - ~ u s c  c~~. F u l l .  N c  c c c i .  / 7 . I i  l O I S ) .
ecgonine Is l I t t t i t bohit eS , >~— d e I l I e t h v h a t l on i(t ’t -u r s  r i iptd iv  ‘‘ i i .  ( ) . I .  ( c c i i i !  cc . N c c l c c r c- , l . c ’ c c c ! . 22 cc . 1 . 127 1 5 51 .

in  the  bra i n  I c c  f o rm norcocalne , a l ipop h i l ic  co ocp occi i d  F. Fi nn acid ‘ct . I ) . ( . ( ‘ c i i  ~~c - c . ~ . I ’ i ccc r ccc . i ’ I c . c r c c c , c c . 2/ , I I I  a )  0c c 1 .

~c’it 1i co nvu l s a l l t  properties s i u c i l ar  to t i ic cse  c c l  cocaine .  13 i . .1\c , c . icc . ic c c c l K . c lviii (i- i c .  n ; .  c i i i .  I ’ ica r nca k .  t i n, ,

.tI c , / , ’rui f u  ,wc( ii~ ’f Iiccds. Mat ,  ~\ c—t c r rat (120 - 5(1 g 
4c c2 ~~ -

- . - 4 K. . l i . c i c - cc  c u d  Is . I c~ c c c c  ic . l ’ i uc c r c c ccc c ’ . 0 — . ~. . c i c c c c c c c c c , I, 3s 1
were cuj t - c t t ’ c l  s.c. c v i t h  20 rug  k g n e  i c c — c -  c icc a c ’  ccr  c c  1 7 2 .
w i t h  S lug  kg ( f ree  1) 1 c s c ’ i  c i c c s e  c c l  ‘ I I  ccccal n e prc-par i’cI cs 

~~~ ~~~~~~ . \ .  ~~. ~~~~~~~~~ SI .  N . c c c  I acid ~~. ~. 
S i c - c c

dt’scri cc ’cI previousl y IS ( ra drc i c l ic -m ic ai  Pu r i t Y  c ( 5 c c c  c - h r i cc . r acl i ’’ . c c c a lc  t . 1 , - i t .  i / c , 7 1 / 7 4 .

l ’ pi cl ~c . t  I cc , c c u c c -  cc b r aiuc and ~c hc —uuc c c c l  r u c c c l c -  ‘ci c —i cr i d —  , c t t c - r I c — c i c n l c -  S ac t  kc~ i f r c -v  i c c — ,  I ‘c , or 2 c c c i t  t i c - c -  I c _ c c i  ~ . c - . c c c i . - . -

cc . 2 i h  c c . S I c Ii, 2h 4 ! ,  c i ,  12h  24 1c Hal f— l i t , -  Icc

I l r c c i u c ( i . v . )  72c c? -
~~~

77 27 . c5 _li di .!! 924 L I31  2 i 2 ~~ (5 3 0 0 4

I ’h—icc a  P. v . c 12 -
~

— o2 2 c c  . 10 111 I I  2 ’, 5 c c  ( .1
I t  I - — i c - , )  [I c ( .3 5 . ) .5 .1 —

i t r . c c c c  P- c .) 2 2 ( 7 - 252 232cc  2 c c c  2 ’ ( c cS  ‘- 195 ( H ,  ( c , 2  ( 5 ’ c . I  (I 4 1 cc
- 240 L 51 175 31 (5 74 4 ( 4  c c  7 5 ,  H 2 ’  I ( I £44 1 ’ L

ii I ’ ) — . . )  ‘ ( c c  c i  1,1, ..~~c ‘ .2 2

( c i a  r’ - p r c — d -  c c l  t ic , i ic i ’acc v a lc ic ’  f S. I . S i .  c c - ’ - ’  cf I c — — c c , -  dr ccc l c c i  t t c c c , t  cc  . 4 ,c c c c c c c . c l —  for . , . uc c d S i c c u c c a k  f i r  — . c . ‘ r i p cl e;u h c c c i i , -  pi-riccd .
c c l  — t l ic ’  ralic, it cicc’I i ic icra cic t i c  lcI c~

c,,a c c  ‘ c cc  l i l t  ra I l ’  c c c - .
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IS .  I I .  1974 Si cc-e c c l i , c  1313

specific t ic t iv i t  12 sCi . i l c g  I .  lie brains and 1)las nhtt at cen t r i fuge d  t Ic  r emcc ve debris . t h e  pH c f  the supernatant
di f fe rent  pt’ri cc(is of t ime were ,ib taineci as i)res ’i icI ISl Y adjus ted  to 7.5 and chrccmatograp hed on Ambenl i te  X A I  )— 2
described 16 ~~ 1: rec. ~1 I cicctune Ivas deteniii iiied icy l’he adsccr iced euccaine anti i t s  metaboiltes were elt itt ’d
hom o genization t cf brain in 11 .5 .11 1 [(‘I ( 1 c l c ,~ l acn ac g en at - ) .  w i t h  methanol  tu~d the residue froni  t h e  e iu at c  was
adj list j ug t h e  p 1-I c i f a 2 i i ih al iq clot of humccgeiiate c cr chron cat i  cgraphe cl c In 111_ C (sil lea gel I w i th  4 scc l vent
diluted p lasma ( 1:  5) H ntai ii  ing 1 11,1 nc inra d idI t iC t  iS’e svstc’iiis ’,tnci chn ccm atc  grams rtui  icu sc annt’tl  - ‘1 1cc ’ brai Ii
cc cc ci i  icc - hy drcc c lilccn id e carrier ( Sc 141 ag - n i l )  ‘cv j Ib dii  cite homccgenatt ’  SO Ic ernatant  con ta in ing  u nads( in ied r :cc l i i i -
anlnio cn i a t I )  pH $~~9; th is  was huif t- re ci w i t h  1 ml  ccl  2l1°~ a c t i v i t y  fnccm .~ m h ,er l ite  X A I  1—2 column was adjusted to
I~ .,i I i’O~ solut icc n and extracted w i t h  15 nil cvciohiex ane pH I I I  - 1 2 w i t h  d i l u t e  NaOH and ext  r act c ’ci  repeatedly
liv shaking fc cr  I S  miii and the dcngani c phasc- was c t -n tn i— with  12 t iles i ts  vcil t uci e of ch lo ro f cc rn ,-n c ethano h  (05 :32 ,
fu ged Ocr 10 nun , washc’ci wi th  4 ml 1 . 1 _

~I Na( 41-I st c l u t i c c n .  s / n ) .  The f i l t e n -cl organ ic c- x tm: c c t was evaporated i c c
‘I ’he residue obtained by evaporating I I I  ml ah i qu cc ts  of dryness in y acu i c  and th t-  ro’sidcie was chr c imat l )gr ap hed ccii
cc rg:cni c phase lit coun t ing  vial s  was dissolved in (( .5 nil  l ’FI.C cvi th  scc lvent s~- s ic ’uu i s  : S~ (Figure  g~. 

~~ 2 ccnd S~,
isccprop anc anti radii cact i V i t V  H ,unted wit  Ii i c c  ni l respect i ve in’ and paper c lcnc oct al i cgra~c hed s ’c i t  h ,c— h u l a  ill c i ’
to lu c-n c—p hccc sp hor solut ion.  In v i t rcc rec(cver ies (( 1 91, acetic  ac id -wa te r  ( 4 : 1  :5 , s- v ( .
cocaine froni t issue homccgena tes and f l u i d s  by th i s  /?t ’ .c c( / j cc  cocc/ dj .c c iv .c .c i c c i c - ‘l i lt ’ mean values ‘in t hit -  up t ak e
nceth ccd were q u a n t i t a t iv e  in the  c ( cn c e n t r a t i c ) n  range ccf ~11 cc ) ca in c- ic~- rat brain and p lasma at d i f fe ren t  t i i l ic ’
1 1 1 cc P ng and the ni ml n ial  amcn iit (( I  cllcco lie (iet ectah le lilt  c-rc a Is af ter  a single s - t - 

- I n j  cc t i c  cn c,f 2(1  mg kg I d c .  t’ oc r
was I ri g. The method did mit  extract  be n z cc v ie cg c cnine .
hen zicvlnccrecg oni ne  and ecgonine , Icu t norcccc -a m e , a
minor metahol i te  was ex t rac ted .  ‘c. rccugh  estimate of the 14 9. L. ‘cIi ’cio ,c , c cc cl S. I . ‘cli i .,- ’ , \ a t c c r c ’ , I. cc i c c l ,  2 Ia . 155 ) [c r 2 )

ans cnun t  c u f  norcocaine present in rat bra in 3.5 h ( ccl I c i wing  .9.. I., ‘clisic~ c u d  a. I . ‘cli ti- ’ , N , c tccr , ’ , l. c nd . 21!, 2~ I 1 ( 7 3 : .
- ~ A. I, , Mis c .c . a. I .  ‘ c I c i . t .  , K, iti . c ctii  cc i c d >, . I ,, 9. . c c c c . a s c  -c- c c . I-

I ~ 0 I~~K I s c. dosi. ss i 114 il th i t  t \ t r  It t (I s c l u t  i l s  cml cc 1 l b  r I S ( i n ,  1)
rh i- q ual i ta t ive  ident i f i c a  I icm ccl ‘1—I cc c c :cu l c ’  and i ts 9 ~ ~ , ,  SI ioc cc , K . It . l’ cc ~~t.cc~~i cui tl S. I .  ‘cir’i. i~’ , X eicc , Ic ic t i c - a  I , i 7

ncet abo litc.’s was donc- on groups ccf 5 brains remc ved 1 i c ~ 74 1 .
3.5 h a f t e r  a single s .c. injection of 20 wig kg I dccsc e [ lit - 29 \~ [ , ,  ‘cI c src s . 1<, II . I c c c N T A N l  c u d  S. i ,  ‘c I c i . ~ 

- , I .  t’hrcc i iccc t ,  8!, 10,7
bra ins  were homogcsn i zed in c .5 .11 HCI (2O cc cc  hc cn ic c g en at  e I , c i  cr 3) .

! 0 1  3 5 7 9 cc s c c  3 5 7 I ii 3 0 4  3 3 7 9 cc II 0 4  3 5 7 9 II I)
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DI STANCE FROM ORIGIN 1CM )

is’ cc c l c c — _ c- i c c — . . 1 i l i l t c—l , cv , ’ r  c ’ h r c c n c , c i d b g r c c c c —  ) - . c i i c - ,i gc ’ i )  ‘f Iu na i i c — c c l r h - . iIl j c ’c :t i’cI — c . n -i t i i  2 cc t r ig  ht c i c c — c - c ’ f  ~I l  c ’c c r a i i ,e , ‘ - i c  ‘ ‘ c c c l  3 .1 h a f i e r
cc , 1crc c c - c- ’—— ,- d c c c  . \ r i c icc ’r l i i , ’  N - t i  ) — 2 ri~~in , r i , i ’ I ic c i c , d I — - . c d i c c i h i e  r e— .i dt i , ’  f r cc i c c  Ai , c l i , ’r l i t i ’  N . t l ) — 2  rc- — c c c  c c c  ,c I ~, , I s  - i c r  — v - _ i c - i c c  5 :  c c ’ l c c c t c c i c c c l ’ : i c c ’ t ) e

, cc i c I - w , i i c r (3 5 :3 :1 ( 1 , V / c )  c c s ingle  peak cc l r . c c l c c c , cc Ps - d c -  RI ( .55 : l c )  Pc — ,c Is - c - u c i  v t , ’ l lc  S., : c t c I , c r c , i c c r c c c  ‘ c c - c - c  ‘ c c c , - — c l c , - i l c v i c , i u u c c c - .1 :4 : ! , s- _ s - i .
3 peak --. c c i  r c c c h c c ,cc - t i s c iv  RI  ( 1 .11 3 ) I c c cc ,c  c v i u i c c r c c g . c i c c c c c I _ 0,5 ) I c c c i / i  ‘c- i  c -c t c c c c c c c c - ) .  (1 .96 I c , c c _ c c i c c  anti icor, ’,ci a i i lC)  cl - ill,  , I i - . i r i t , uc t , c c i c  cf r l c c i  ‘ ‘ c c  i c s c i v
a— 2d c , 41) 1 1 ’  r e— I c d - c -  i i v , - l v ; r  ) i i i  — ‘ ‘ i s  c c c i  -‘ V — i c - i c c  5c~ I i c - I c c - s , c c  c c - - c -  i l c v t  i i ,  i i i  c- —c , c l cI c ’ l c t r l c l c c l  a i i c n lcc rc ia  p c )  4c c  - cc . I . s s c _ 3 ; n - c k — . c u  r a i l icc a , ’I i s - i t v
RI  (1 )45 )b , -uc ~ c c v ) u  c c c u - c- c - - t c c u c c c cc- , i c c ’ i c , c c v i , - c - c t c c c c i u c c - I ,  1 ( 5 5 Ii  c r c - i c c -  , c c i c c i ,  l i . OI, ) c c c c . c i u c c - c  ‘c~’i t h  c i c — l r c i c c c t c c  ‘ cc  ‘4 r , c c i c c ’ : c c  c cc  c c s  c- ( , ( , _ S . 2d , . . rd - _ ph - c - t c s - c - Iv
4) in —c cI ’.c ’ c c i  — c — I c - i c c  5, : , ‘ l lus - l  ac ’e t c c i e — n c c - i i c , c u c c c l  — c- c c i c c - c - i , t r c c i c c l  I l c d r l c d d i c i a  ( 1 7 : 2 : 1 , v 1 v)  4 p e c k - . i c f  r . cc lc ,  ‘ c i  u s  i s -  Hf 11.1(5 ( iunk nc c ’c ’ c’n) ,  ( .35
( i c , ’ c c , ’  ‘ s I c  c c , c c - c  ,‘ , , u c j c c c - I , ( tS .( ) — c c u c c c  I cc ’ u , ,c c ’c - t i  c i c c - c- , - -,irdic i u c , —  ani l  ic , ’ c c / c c v t c ’ c ’c t c c l c i  cc - ) , c c ’ S  c c c c e c c i c c c  c i r ic i  c c , c r c  c c c  , c u t c c I cc— i ll, c I c — i c d i c c c t  ‘ c c c  c f  c _ c c l c , ’ , c c i c c  c i v
1-. 3 , 4 , d l  ccliii .(2 . , , r c - — 1 c c - , - t i c - c- I c - :  i’) ‘. c - 1 c c c r l c i c c i c c  u i f  cccc r c -cc l -a iuc i ’ d c c l c c - i c c  cc - cc I FI .(  -‘d c c c gc - I  c , —c c t s c i d i  — c c — i c - nc s ,’ El f t c , c r c  c c , - . i c i c d -  antI c’,,c .ij nc’
( . 72 , (( ~ (c~ rc- — ; c c - c - i c c  c i v :  ii I I I . (  ) , c l c c , c c i c c , c )  i t , - ‘ i i c  c c c i  “‘ c- — i c - i c c  Iiei czet i i —, ’ lh er  5 . 2 , s ~~) i~f c c c  c r i c c c  . c i u c c . c , ’ m c c c i c c  cc .cc5 0 .3  and 0.9 rc- ’—j c ,  - c I t s - c - I s - :

g) [‘ri _ c c c i  th e c c r z ; c c c c c  sols-ent e x i u c c c - i  c c )  l c r c c i c c  h , c l c c c c a , - u c _ c i c -  Iron , A icc i c e r l i l i— N _ -t i  1-2 c - c c l c i n c i ,  c c ’ i d l , c c c c c l c a  c c cc : ccFc ’r i , c cl r , c , i  ‘ c c -  c c c i v , i t ,  scc ls - h—cct

• s55l( ’ i i i  S~, c c - .  i i c c t t c ’  pcak c c )  r l c d i  d c c c ,  i c s  115 - d c i , -  to c ’cgc, iciice RI 0,4 .1.
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1314 a cc-c - c c c t c , c  Ex i ’i - :ciI .s -t iA 3cc 11

S wig kg I - n’ . inj c-ct 11)11 (Ic se ccrc ’ g in - eli iii t lit ’ Ta l,k’ . I ’hR- ci f t e r  cc-asic ing cc - il hi cc-ater , red - c -n t  ri fciga t ic  cci a no l ccc li  lit ing
radii scciiis (d c ’tc ci l s  gin - en in Figure cc cI ) prc cv nled v-violen c e 1w c ’ctn lie r 1cni (- c-ch ord- 22 showed scgn i f i cccn t  b cwiid h radio—
for 4 nietaboiit c ’s which went ’ sep ccr: i t e lv e lu t c - t l  by pn~— c c c t iv i t v
v iccus  I c-clink 1 cit ’s ~~ cin ch -h arc ct -t c’r ized by cc c -t -h i r c n cc c t c i— ( )xi dci t  ion c cf v-cccain e cit ani h) i c ’nt  t c- iu ij i t ’rc c t  l int- w i t h
gra ph’.’ sli t ii stci ndard scc Ut p1 ’~2 ~, as hk’nz c cv 11 31  creegi cn i ne , hi ~‘d rc cgen perc x ide nt-pc (r t t- d lv 23 lc ’ :cc h -c t c  c l i i i . ’  fc cnnict t  ic cii eu f
benzoyk’cg( ocine , ni cr c d i c a i n c ’ and ccii unidc ’nt  i f ied meta — fcc i nhv  stable iu tn d cx  kh c-  frc-t- rcc c[j ca l  cinch suc h r c t c l  i c c i  Is in

- . hi c ‘I i t t’ . I )et cci Is o d sc ’pccr cct I c dii  c c l  Ia rcc t a  In c (no d li i  cc ctttii i ( ’ 1113 ‘c ’ i n ’ c c  ha ‘ct’ bt’t ’n rej ic cnt t ’tI  21  l c d  ice ned cited tc i ia )nco iiip c (t i ii t i s
ITI .C (sil ica gel) ccnd I ‘I ’I_ C ( c c l u i n i n c c (  ccnt ’ sic cwi c in Figure by n cen chnan e  s u l f h v o h r v l  g i c  cc i 1 cs . ‘I ’he for n ia t ion  d c l  nu n—

t- I . Norcict - a ine wccs c i sc ,  c h e t u .’t’tc ’ci as a n it ’tc ibohi tc  of cocaine as c c inc- tc i  hc cI ite  ccf c - c c c c  n c -  in rat  brain v- c cn c - c- ivc i  l i ly
cic cccino.’ in ncc t brains w i t h i n  1 win  of (Inset cc l c c un v uhs i c  h i s  iiia~’ play ccii i i i i l ) oc r t cc i i t  rc lIe in th c- s ’c s t e - i c i  it tI ux i c i tv  of

• ii c I lowing a I I I  wig kg 1 - v - d c  sc’ c cf I I t c  cc - cc c cc ’ - . 9. sing le cc (caine . ‘I-_
lit’ lack c If persistencc’ cc l t- c calne ’ in nc , t hnc uj n fc in cc

• pc -ak of rc uhio c cc t  i~’it v in Sc c lv c ’ i c t  s’cs i c ’ l l i s  S1 (F igure  g) , prc lc cng c- ch pv ’ncoud iS silu i la r  tc thcc t  dulcsc ’nv t ’c l prt- v i c  ccis ly  i9 , 2!.

- 53 and icc, per chlr imc ct o igrcc in and H c—c hrc cici c c t  (grctp h iv w i th  t hebaine , an c cpu id sti  ill  u l an  t which il ‘ c cc  i cc  c,sc-s ’ch ‘c
w i t h  st c cndc i r c l  ecgonin e t’c ,nf i rn ced l ilt ’  i d e n t i f y  c d . \ u c la ’ r — l i t t l e  ccr  ic cc  ph ys icccl de~cendenc.-t’ l i a b i l i t y .  In  c c c l i l  r ,c ’cl  -
l i l t ’ X.-\ I 4 — 2—u n ci dsu  (riced nit- h cihol It  t ’ Is ecgd dwi Ill .’ - ‘[‘[ci.’ hiram dt’prt- ssccnt nc crc cct it ana lgt ’sic ci r cigs su ch cis n ic cr 1 dii l i d -  21!

de bris renia ining ci (t t’r t lit ext  rct ct ic cii w i th  0 5  ,1 / l-lCh ci 11(1 ilcc ’t hcit h c c lu e  16 . 15 wi t h  ‘c’er~ ii igh I c  d c  - r d  t i c  c Ii iici [) l i S s u c cc
depend ence l i ab i l i t y . ~c c ’ r s i ’ c t e d  in t h e  rat  brain Ic (r pr
hI cn ged l ’n i( uds even af ter  cc si ng lc- s - c - cnj c’c . t ion - I Ict ’se ’
cclcserva t i c  us may have sonic rc’lt ’s-ant’c’ i c c t hi t  cc h i-_ c ot c c c l
tc ,It ’ rtint ’i.’ and ph ysical chc- ~cenclenc t ’ h i c t h i i h c t v  w i t  [ i c c  cc .1 i c 25

1 1, 1 , ,  Sc c c s c o d T  co ccI I , . tV, ionvio , i . c c - Icit- .-9 . , c , c t c i  01 c c- i c c ,  d c l i , 154 Zc csaoc ,cct ’cc/ ,ssu c ;cg Xccch ‘c c . c inch i v  h i ij ek t iu cn t ’n  v Im
I I c2c . Cc ca in in i( cctt c ’n ‘c ’c-cinc le (‘c ct- cl in m i  I i i  nu , rcesch nct -t  ah c c c i i —

22 
~~ - .  Mi sic,c , C. I -. ‘ci 11c c, v i i .  a icc l  I.. A , ‘ c V c c , , i c  — . N d  crc - , I . , ‘ucc l ,  2) 2 , sar I - -  ‘c,cu s ’cc ’r Fienzi cvl c-cgc nm , l ienzc (vln ort ’cgonin mid

45 11 9 71) -  Ecgonin wun ci c ’  X c (nt - c cain cc ls SI-it - h i t  iger c le tabc  l i t  it ient  u—
23 G. R c c , c n u ’ ,i - v c c ccc l  ‘c I I . S iicii .u . i - ., l ) c c k k i . Ak- cd N ,cc ik ,  I s a i t  f i z i e r t

/51 7 , 1319 ) l c I c , c c ) :  C lu ’icc . Al c-.ir 7! . l 2s c , 1c _ i ’c7. ( c .  ‘c..i . . \Iisit ,n , h ’  K X c v  cci < , M N  19 .ni - ,- . i . ,di F I. Fi o c r I A  c ,icd I I .  I I , iS c - c c , . i iio c ’lu c’ ccc . b iccp li v’.. I ’ic ’.. Cc , ic uuc i cc . N I. . V.nO L S’ .i  ~~~~ ant i  S J M t i . E//c , I 5 c ( c  ( 1 ( 7 2 1
.9. . I , .  ‘ c I i — c a . H , it , I ’ c c \ c c s c  and S I .  M u i c ’ , E xpd’r i c ’ id i i a  2cc , I l o s  - . , - ‘ -

‘ 7 3 . .\ c, - ~ cr /c .SIaIe / ) r c (n’ ,- h ) c c c s c - ( c c i c f ; c c l  ( c c i l i l i i c 5 s l c c f l ,
26 i l c i s  ss-cc rls cc- cc , , d i [c 1 c , d r i c - i I  lc s the ’ U .S . -9. r ci is -  Mc ’dic ’ccl Rc - ’,u ’c c r rlc old Tc -. I1Ic ~’ 1 5 0/  /c’c ,cacc/ c  Lc,/ccc ’atccrt . ,

: i lh’ v c ’ t c d p i l i c ’ i c t  C c d l u c i c i a i u d i  wi th -n Ri ’su-a rc- I, t c c c c i r . c c  I N i  I )Al I A — i ? —  ‘co JIan.-c c c n  P/ac c , / /  r u , ’ /1 / c- dc I N e ~, ‘c/ c / 12/ 7 , 1 ‘S. i i .
73-C~3o80, 26 - I p r / I  I d17 I. 

- ,  _  _
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ll irk lca ci su’ r  i c -r lcc ct , I d e a - I  ( Sc i c a c  - i t )

[3Hj -Norcocain e and [‘HI ..Ps eudococaine : Effect of N-Demet hylation and C2 -E pimer ization of
Cocaine on its Pharmacok inetics in the Rat 1

.9. . I , .  \ I c ’ c c c . c c  1< . II . I ’ c c N c .-c c N c  cc n c h S. J . M i i i - : ’

,\ c ( ,  I cc c k _S t c ( lt ( i / / i c c  ‘ ‘ P  / cc  c i c ~ ~1 ( c c - . ,  Sc - c :  / c , ’ , I c  - . tc  cc g cocc i ic’c cec ,c c /c I .c z /u cc u - a l c i c c , .9.0 H ai i scc , c  Place ’ , /3c-cucc k lyi i  ( N c  ic
/ / 2 1 7 , ( 5 . 1 , / 2  1 c ) c c c a c  u~ / c c 7fd

“ cc  oc n c au-a -  A f t  t n  i - v . i rcj t -ct ii c i l c  i f  co c a  i i ie  - cc cr c ’ ca lilC , psv ’t ic lc ccc cccli lie t c c thc e ncc t - t he ‘i’ s in bra in were cc . 4 - c c . 4 , 0 . 2 hi
nt ’spect cvc- iv cocc I in p l csm cc  dd .4 , ( 5 , cc . 2 hi respectcvc ’lv . I t en zcc v hn i c r ecgcc n l n t ’ :cn t h n ccne c g c cnunu .’ were thc ’ m c ’ t , cbcc l c t es  cu l
ncc i - ccccch lilt’ ~fl h crc c l i t .  I ‘st’iic h c c t t d  nec ct

_ _ c cliv’ , cselich ( cIct’u zc cv ln crcCgc dil l  lit’ , pseu ci c cho ’nzc ‘c ’ lt’cgc cii lilt’ cell , I [c - cc-c ud I c  cd’ cgc crc c f l d  \Vert ’
th c ’ nlet ccbc ml i t t ’s  c c i  pst’cuchc cc c (ccc lilt’ ill rc ( t hrc , in .  I teni.c c V In c crc cgc It) lilt’ 1( 1101 pst’u chc ben zc c hv-cgc cn in t ’  h i c ic  I ~ d (tell t St Im dl Iccil t
act c v c t v  in t r , c i s t en ncc I l ~- in t h e  r , di s .

N c c r c c c c c u i n c ’ ( i ’ i gc cr t ’  I )  h icc ”  be’eu i c p c c i t c ’ m h  I c c  hi c ’ c d l  n I — c o n c h  I t s  1) 11 cud h ] u u s l c c h t c c  7 . 9. w c t h  ( i c l c i t e  c d l i u n l c c c c d ,  l ht ’
p c d r t : in t  n i c ’ t : i i c c c h u t e  ‘ c i c c cc ; c i i i t ’  ic t i n ’  i 11 2 , 1 c h c c g  , c u u t l  n c c c i c —  rc ’scl l t c l i c t  s c c l u i u c c u  cc , c ’ c  ,hlcc n l a uuc’ gr ,c [cilecl cc ii .\ cn lc t - i l i t c ’
k ey ’ . h , i k c -  c., c c , c c i i c - , c i  cs c c 1cc c cc er f c i l  e-euli.cl n t ’ r v c c c l - c  sv ’clc ’nl  N \ I  i - 2  (2  I t  t i l t )  , c c u c l  t i c c ’  a u l - ccc r bc ’ ch  c c d m j u c c u u r c d h s  c u d  t h e i r
s t u n u c l l , c c i t c i . t c c l  sh t cc r t  c h u , r a t i c c n  c l lc dh  h i  c c c i c t i ’ I h c l l t c ’ s  1 c c c — ’’.i l c l v  mu ’ t c ch cc l c tv ’s  t ’ lu i ic ’ c l  c su t h  i r i u - t i c , c n c c l .  ‘l I ce’ r c ’ c c c l c c c -  lr c d n l  thu i c ,
in [( l Int  t c c  t he  } c i c c c r u u c . c c u i l c u g  cc cl  c I l e c I s  c i i  c u c e c i u n c ’. I ” c c ’ c c c i u  c— r r i e thc i i ccuh  t ’ l d l , I t d ’  5c, (  t i c i c d n i c d i ~d gflc [( iit’ch c U t  •e ln lc cn c i u — c t a i , t

cu i c cc i i c c- (c io _’x lr c c iSccn ic ’n  d u d  ( 2 —t ’ [u u n t e ’ i ’  cc l  c c u c  c c c l i ’ )  h cc c c- .  thc ’  i l i u n  l , c v c - u  c ( f l i u f l d , d l i c d t r c c i c h V  n i i ’ c h u , (  ‘ c c l c c  . c t I c  ( I l l _ c I s s - , t i c
( , —in t ’th c v i  ester g r d ccu ~i in u ’ c j c u . c t c c n c c l  c c c u i i g c c i . c i n c n  c c c c c l  d l c f l c ’ r d ’ t t i  ‘ c c , l s o c c t  ‘ c c c •, i c l c ls~~ f c c r  c l c , c r , c c  t c i c , , c t t c c f l  c c f  nu t ’tc ib —
t i c ) h c - .  t c c  t h i c ’  nu t n ccg t ’n  cc il t l  C ~— t c c ’ n z c c v h c c x y  sid e u~h i c i u i c  u u i c t c s . ‘[ l i i ’  s , c l i i t i c c t i  c c ’t t t oniui ’g c,n,ohsccnlic ’,h i’,cdi c c cu t t i ~~ity

) h cg ccr c ’  1). I t s  l c u x c c t v  ,c n ch l , c c ,u l  , d i ) c ’, i h c c’t ic  , c c t i V i l V  c -c f n c d i u  l i i i ’  \ u i u l c c - r l c t c - \ \~ d -~ cu c l c c n i c t  cc c’, ‘., i t c c u , c i c - c i ccvith
s t ’v t ’ ra i—f cc l ch  hcig h it ’ n t I l u i c  c c ’ c c d c u c c . ’5 °. I t c c I i c  i ,c ccmd’r s  i c . c n c ’  ‘. 0  1,11.1 c- t r , c c t e o h  ni -~ u u- .c t e - c h I c c -  s c c t h  c h i l c c r m c l c c r n i — i s c c —
ccc l l cc-dilsc ct lc_ ccnth p ccr cul yscoit hlrccpentues bo Ii , l ou t  j c ’-.c d c c l c i —  I d i c c P c i s d l  ( 2 : 1 . cc cc i l i c ’ c u i g . c i c c c  ~d l u , u s t  e n , c 1 c c c r , c t cd i  I c ,

ccccciine is sc’cc- c’rcc l t i n u c’s It ’s— . p c c t c ’ u l t  11101) ( c u d  d i n t ’  cs an c h r v u c s’c u I  s- ,c d c cc ’ , u t i i i  t i , c ’  ic ’siii ci c ’ ticc -refrc un suibn iiltt-oh

u n l c i h i t c c r  ‘ ‘ I  ii ccnep incp h i n i c v’ t i p t ,ckc  uc n-e.’tit rick’s ccnd cc- c-c I ’  u I I I 0 I c r  chi c i c c  c c c  c / c  I l cc i i  c c l  t lic’ nlt’t,ibc jilt’s.

tic fenv ’ns  ‘ci ccc ’s I 
-a . c,, I t  h ici s  becil np  nt t o  I I c ,  icc’ mc crc’ (‘xl (‘Ii — Ru’ u i / I s  i c e d  i ‘c c i  a ’ . c - ii ( c c i i i  1c .i rcu t i c  c’ l i s t  ru b u t  ic cn u t

• sc~ - c ’ iv  th c grcith et h t h i cm cdcd - ,cuit ’’6 ’° in c c  t s . X c  c m d c  m c c c l  c c c i i  1 I d ic c l i i i ’, a , f l u  ~ru - c d  , c c u u c ’  ,c oil -11 - j c ’~c ’ i id ic  dcdicdl i lc t ’

e x i s t s  u n  t I l t ’  d u sp c c s i t i c c n a l  a n o l  m v ’ t a hu c l u c  j ci ’ c f i l c ’  c i t  131 c r— In  r, c t  b r u i t  ,u n d  l u h , ( c c u c c i ( 1 1 c r  c c 2 trig ci t  u c s .  u i c j v ’ c l i c c i c

cccca inc ctnd p i tc h  Ic ccc ccci lilt’ ii) t I l t ’  con trcc I icv ’rv i c cis i S S I c ’  f l I .
This st ud ’.- c c , c s  u i l o h t - r t c lk t ’ i i  to  u c h t ; o i i  l f l l c d r n l c c i l c c n  c d l  c 9. ,  u i - - u s ) , u I .  c c c i i  11 cc — c s . c r t  cc c —  - _ c i j c j c , c r t , ’cl i c c  I S , .9. r ic cv ‘c t e c i c i  ci
these [cccrccnlt’ters . cc ,_,,- . c c , I c cc c i I I d _ c  , - i . . j , c c i , - i c t  C , , uuc t ccc c , c , I  C u , , c i r , c c t X c . I cA l c A . l  7—

.1/a/ec la/ s cOcci icccll c icu/c . X ccicc cc c cui tt ’ cc c- . jcrt p ,c c c ’c i l c cc - cc 7 c.c - ( ( u u

pni ccv’clurt’ Idr t ’v uccc icdn- cht-scniht’cl ‘. l ’ s c-ccd l ccccc c, cct c c ’ ccc, c 1 ~‘c I . .  \lc ’oc c . I’ . I ’.. N A S  sic . S I .  N . 1 s t ,  c , N. I.. i cc ’, cc s is ’ cu aicci

pr u .’p~crt’ cI by cc c ii vd-c ’ c uc ccc ( 1  eccecihni. ’ Icc jiso’c iehcc c-cR, c i ~~ nc ’ 5. 1. li c i i . I \ j c c r c , - c u i i . c  icc, 1312 1 (74),

nl t ’ th i ’. l  c s t t - r 5 ccnd suhst’ c~ ci v’nt b v ’ n z c c v l c c t i c c n  w i t i c  i c t ’ n z c c v l —  I’ . Is ‘S cc s cv . 9..  I . .  \ i i — c c a c ucc , l  I’. I .  ‘ d c i i - ’ , I .  I 9 . c . i r u c c , u c- . exp. i her .

chI c cri olc ’ in hit ’nz en e u st  icg s I c  ccc l i rd prc cccc h tint’s . Sc, rnp lt’s I c/c s . i c c  i I ’ d : , , .

( i c c  nig of these i l cc l i — ldi h i . ’ l ! - ’dl ccc inp cccui i l ’c  were t n u t l , d t c ’ c h  .9.. I. ‘c l i l( A , SI . N I ’  cc~ i c  - 9. ’ H . .-9 . m c . i  io c~ a. .1. SIc I i . ’ .ccs i I’ . K .

(Xc ’ s’, Eii g l c o r i c h  Nu ic h ’ c , r , i i , c s t c c n , lI ds ’, . )  by cc cu th - cc c tc i l vc c t ’ e I  - 
‘ S o s  cv . -c c l , u u c i l l , ’ c I  107c c.  

- -
- - :. ‘ Is . I . .  l i c c u  cc-. . I . I .  Isc ’, ’is , Is . it . ( u d i iui ic ’c c u d  tc , i t , I icc o , l i f e

ex c i c . i u i g c ’  l n i t u c u i l  l c u h i e l l u u g  cli ng 11 , 3 nh ct - c lue cccic h , .i.~ wig cc c /1 . 215’ ‘ 16;
pl .itinumu c.c i . ci ’ cs t cil ud h i d ( curct’s cf t i ’ i t u c i fv’d c s , d i c r .  I lit - I ‘c l u — i c s , I’ K . N ccc  ccc . I I. l l i c c c  cc . c c c c l  ~~. I .  \ i~~i i ’ , I I ’h , cur r cc .
cn c i o l o.’ p n c c o h c i t . t ’~ svert ’ o ’x lu c o i s l i n - e ly  p c i n i l i t ’c h  lfl  c u r  h,,biu— i ’ h . c r , c u . cu 27 , 7 51  I I ’ c 7 3 , .
n c c t i u r v  by nc’pt- c c t e ’ c h  s c c l s - , - n c  ex t r c l e t l c c n s  c n o h  s i l i ca  gel 9.9. - ‘ci . .1 —u , ,cc , l c ; . iV,cc ’.i- cc . 9 . 1 , — t i - c i — c i 11cc’ i d ,  c c i .  t ’ ’ c c c t r .  ccl
c u u l u n u n  c h r u c n l c c t u  grcuph - c- ( e l c u a r u f  , ht’ l lz c’ulo’ — r n e l i u c ~nc dl  I ‘) u . c r c . c c c - I - i 2 v , I I c ’ i — c c c h c , I’ i c c l , c c c c l  1 ( 7 9 . ’ . p. L i i .
n h i x i c i r * ’ ’c c c l l uc i t ’~cs ing 1 i c c h c c r c t ’ , c .  ‘I hic ’ s[cc’ cc l l c  d e l i s  un ’s  6 

~
-‘~~~~‘ l ’ i ” .’u c i  s s . I .  -i i , , . ’ i c c - c c ,  ‘ c u ’  - 7/c , 2 5 9 . 9 .  10 5 4 1 .

c u n c i  n , ech i ccc l c v ’mi cc c l  p c l r u t l i ’ s  cf i i  — f l u i r c - c c c , c c c u c c ’  m d  ~fl 
~

_ Ic .  d , , c i f l  o u , , ‘.rc-i c. 54, . I’,Plc. I ’li, cr ui c ,u l s . ‘d T 113  , I ’ c 2 4 c .

1 - c a l c , c c c , _ c c t i c  a c i d ’  .2.5), rIP , d i d ~~. Oh 0 5 ,incl  j ‘(7 n i t  c unit , ‘° II .  I - c - — c c  cc , II. H. I ’ . u .  i cc4  9. , ‘. .cK c ii- , I O u , .1. I ’ l u c c r u c c c c i  - /0 , 4 3 cu

‘(S ’ r c - - c~ c c c  i c - c  c - i c c .  l Ice h i v ih r i c ch l cc r t d t ’ s  c c l  t l im’s i ’  c c c n c [ c d c i l n u i s  ) I ’h~~c .

svenc ’ s t l l t c c h i l V  u h i h c h i t ’ (h so - i th  n c c i t r c , e h o c i c t c c - e ccic -t i 1c c c t u i c h - , 01 II . I I i ~~—c c c v ’ , SI .  I I i ’ c s i —  , c c u c i  I i . 4, -  K c i c c c c c c c c i  s i c , 1dm , j ,  l’I c,en-

4 I c i i n c  I c P~~ 
l I l t  cc  I c s  d c c  S I 4 i no l  4 i (  if c ni), 

‘5 i( i l t i 
d 

i ci i , u , I II ‘ci v u ,  ir  I - c i  I i lh
nt’ slcet I ( S h i v  I c r  t i l t ’ pt ’c’pc i r c l t  Ic di) c c i  mj e ’vt I i fl ii ‘ i c u t a cns .  I ’ I u . c r c i i , c h  _‘ / cd , 9.2 1  1 1 ( 1 ) ,

\ i , , lu ’ 9.9. “ i c r  r , c i s  ( 1 2 1 1  1 5 c c  g( Iseno’ in jo -c te d  i v .  ~ u t h  lI d . . Sc , iscuuc , -  . c cc c l  I’ , S i c  c .st  . -m d c . c ’ c~ c . I’ , , ih.  P l c , c r u c c , c k .  2 / i , i4$
2 wig kg  I I c c - , - l i c u ” c ) c i  c i s c ’ , ,  I ~h l  — c c c c  c i r c e , ~ — l i c , r c - c c cc i u i u v ’  ) I ’ H 2 ~ .
‘ c m  c 1  I 1~’c0-~~~ c c c c c c  c c c i i ’ . 1 1 cc ’  i ,r , c u t c  c u d  p lasi n cu c l  c h u f f u ’ n e c i t  ~ I I .  I c . l i x  .euc d I I . s’ c c s i u c , r , -‘c r c - i c .  c-~~~. I’ c u i l c .  h ’ hc n c tc , ck ,  2 1/c , -4 9 . 2
tWit’s c c c ’ , , ’  c ’ i d l , , l u i - c I  cs pr~- v u c t i s I ~ ’ ulc ’st ’nibc’ cI 10 ,2 6 

~~~~~~ 
( I ’ H . O ’ .

~I I  — i u c c r c ’ ’ c . c c u u c ’  c u c i t h  . d l l  . - 1c ’ct ’ c i c l i c c - c c c  d c c c , -  ei , - rc ’  u I m ’ I e ’m n t in t ’ i I  I~ El. I I . I cuc i -  c c  , cncI I’ . N I ’ c i i t . ,  I .  I’ h c urc nc u ,  - exp.  Tho’r . 1512 , 273

in bra fl ,u i io l p lasma b’c- t hu’ pn u cc ’ci lIn t ’ cust ’cl  I ’  ‘r cc (( ‘01 2. 3 i i ’  ( 7 2 1 .

In  c O r d ’  i , ’ c c u v i ’i  co’s  c u f  911 — n c d t c c s o i l n e  cun e h c u l l  — p s e c i t h c u —  i~ I - .. iou , c s . A r c h .  ,-s 1c . i’ , ,il c. I ’ h ,ur iu c ak.  /tUt , l i t  ) i c ( 2 5 ) .

c u ) c c i u i i e  lIt re t i c  t hic ’ u c c i i g r  uht ’ scrchi j ’uI for c’ u u c c c i i u e’ ~~~~ ( bthc ’r i! A. l . l ’,c . i - c t s i c  au uu i  K . i. i sc’itr , t i c . o ’xp. ‘ cl ii . I ’hamn i. k, 190 ,

uh v ’(~~i h s u u i t  t i c t ’  s l i o ’c i l i c i t v  of , ‘ x i t , c c l c c c t u  i snc c l ’c lur e , c cc in l i c i g  
(0 2  ) I 9 l . Si . 

_ - ‘i I H. I - - Sc i( I i i  id ,,t ud I ,  - 9.9. (Ri  ER , I c c— t cc - I .uch igs .9. i i f l h l l  I hem -t ( . t i i i i i o l c i c . . (‘ l v , ,  I t c i cc c’ hi c’i’n i~’’
-
~ 

,cusicc elm ’scnuhs ’uh ‘ . 154 ) I c c c d l
The’ c l ui . i h l _ c l i v u ’  u d c’ uituf ut , c ’c i d n of i c ic - i , c i c c , I c I c s  c c )  t i c c l — 

— 
_ —

— 
cl _ -i. I - SIi’.ucc ,,ccc i a. I. 5 1 , 1 1  , N c u l c c d h _ I_ ,ci c ,I . 215 . I 1 ) 1 2 1

I d i i i  h I d  1(51 1 I o t ( i i i~ cc ci nu in I, I I [ d  I li c i i i i ’ c  3~ ‘o I SI c c c c  I Ii I c c (cc I cc SI i F  ‘S u 4 i I c  i i
c ut i .uts ccc c c  Ic -cl sc 1 Ic 2 m g  kg i c c c . c i ’  c -cl ’  c c f  ihiu ’st ’  c c c l i )  — c i  - 7 1 ) ,
p c c c n c c ) s . l i i i ’ h ) ri ci c s sc c’ru’ h ccu n icd geiiizv-ll fl i (  5 9.1 I I I,] 0 9 . -  I . ‘li_ K s . i It . i ’ u c s c  c’o cucc et 5. I .  ‘( I i  i i ’ , I .  ( I c r c c i i , c u c .  S c .
( 2 c c ’’ ,, i~~c c i t  i c’’ c c c i , - )  r e ’ i c l r u f u u g u ’ u l . s c c I c , ’ m c u ; d t c u n t  mv ’TIhccvecI i c c )  I i ’m 7 cc . 

-- - -_
~~ - - _

~ --- -. -~~~~~~‘
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I- i.~ 1. Stcc c , - t c c u , - —  c i  c - cc c c c i ’ ’  ic ,s nc c c  . , i c u c ’  .c u c i t  u — , -u i c i u

sIc ,  cs’, U in  I ’cg  tu re, 2 , 11c c’ ~~i.’ cO it Cd c i l t t ’n t  r cet I c c n s  u cf i-c , c r— ‘1 11111 1c m yen ch irc  cn i a tu  u gn dl  ~c1c ii.’ c’xpc’ni nlt’ilt 5 u il bncc in
c c ’ e c u u n t ’ in  b m . u h l l  c u u u c h  p l c i sn i , ,  sc-cr c’ d )p p r u u x u ) i , i l c ’ [ v  2 3 ex t r a c ts  ( 3c (  n u n )  i ( f  r c d i - c  u i ij t ’ct i ’ih i . ’ , ,  cs - i t h i  n d c n c cu c c i i n e
Iuilit ’i I. II ’  c-.c’ c c i  c c  c cc c ccc ’ . T i cC 0 I~Pdl r e l ic, pccr t It Ic dIl c, de’ f f c c -  ic -lit j imc cv idc’cl c - v c c l e - t c c - c’ Ic ‘n t he  p i t - sc - ic  c _ I ’ cc i  ni ccj or ci ni ’ ccci i Is i d

of - 9 i , — t i , c i c - c cc c h i c ’  In  I ‘u c c t c i n c  1 II 1. 9. [ dcc cc. p h i a i e’ bc , f l c ’r , iic cnc c c c a u n e -  ( 72” ,, ) ,  hs’ nc t c  d l l iccr t ’ t ’g l c nuiue  (24° c)  ccnd  m i n c c n
p 11 7 4  in  11cc’ c c c n t c - u c l t c c h c c c c c  c o g , - 1 I d  :-a~ 

c c c i  . , t  2 5  t ’ c c , , s  c I f l l d d c l f l t s  c c l  ncdr t ’ cgdcf l l n t ’  (4° c ) .  I Ie’ ” z o cvlnec n t ’cgcc n in e  Icas
l s .i ( .2 ( a l - S I ) .  I n s [c c l t ’ cf r h o ’  h l g h l  l i l i c d i  s ’ c l c c l , c l c I c - i c  I c’c,rI,en been sh ccso -n 6 I c c  P’~~~~’~~ 

p cct  t st i m l l l c u l i i d u c t i c - c l y
j d - . d . c a l u  cc - ’c o , cu i n v-  ( c u l d l i c ( r t ’ n t  j c _ c r t c t i d d n  c ‘ ‘ , i ) i c  cc c c l  I l l  I u c u i m c c c m s l t ’ m u c c u l l y  ( I . e . )  ii) thi t’  I d  01c c )  fccn mc’ d n id c lt ’ c I i l cu r

u - c  l , c n c ’ l  SI I S  l d i l c c i l c h i , d l , .  h c c c ) l c ’ r , 1i11 7 . 1 , 7 7 .2 - 2 . 2 c c c i i i ~ c lo’x 22 so- Oh C, c~~~, S l n t i l c i n  exp eriments  sc - i l l )  p s e c i c h c c —
‘c i .  SI ) ,  c i - .  [(t i it e- c u l c o - t ’ I u t r , c t  c c c l i i  ui h u r d i u l l  o c r , -  - d  ( I c e  ‘x i t i i c ( t -  c l u e d  c~ie pr u ds ’ld t ’Ih  c- c- l dh t - nce  dccr t u e  presence in brcu i u

-I  h i l l 111c c-c c’ ‘ ‘ I c c c  . c c u c c - , c o l d s ’ 11c c- p I.m’cnu .c  ( c - c c )’— cc - c _ c c -  cod psececld unt(ne ccc cccnc ’ (1 2°~~( ,  psc’dld1cd% ) c’l) zccy h t lcc m ~ c gcuu ) i l hc ’
- u i s d t i c , c l c ’ l ’ , 2. 9. l u n t e ’ s  I i i ’ s , -  c c l  cc cc’, l l n c’. Is’, u p l u i  i n e t , e —  ( 12 ° c ) ,  p secldc uh u ’n7 .c d y l o ’ C g d c n u l u & ’  ( 5 ’ ’ , ,)  c inch  psetu c lc ie c g i cn i n e

Ic ’ ‘ i c — I c c  ‘ c i  ( c - ,c - i c c !  ‘ ‘ c c ’, c i c c , - 11, 1 I c c  i i ,  c c c ~ c . c c c I c c  - i v  l c c s o t ’ i  1 i m c u c i i  ( mI n im , d i ) l d i d l l ) t s (  cii  r n c ’ t c u h c c l u t t ’s c c l  p seiidl occcce cul ie  ) ( c ( c ” ,, ) .
i c - c c - i s . I . u k , -  c ‘c . u u u i u - , c c c i  ‘ c c d u d e  . c u u c l  1d5, c c c l  c c , c cc d ccc ( c c )  l u c c i  ~~u i r  p n e l c n i c r u c c n y  ‘ c l i c c l u c - -, ‘ ‘ i c  t h e  ph t a m n i a c c c l c c g u c ’ c u l  a u ’ t i v c t v

c l i  i l c u ’  d N ’s- m i t c h  l i c e ’  i c - s c - i ’ , c i t  I c c , c c n  d I d  i c i . c . . u i c , c  co c ’ t c ’  m c i  d h c ’st ’ r n t ’ l cc b c c l i t e s  s l c cc w ec l  t h i u t  p s e t l d l u c e c g u d n i n e  c I n c h
l c , c c d - i c c  i c - i  - c i . i l i i O ’  c i  I ~c ’’ s i  - i u c ) c ’ t - I u ’ d i u .  -i Ic u’ i c c ) )  i c c c c - ’ c  c i t  p s , ’ c u c l c c c ’ c g l c i u u i t ’  n i c ’ t i cv l  o’sler ( I  wig kg I i c . )  ‘-c hcccv r ’ c i  nc

.iclm ’ .- i t~ - I l l  t i l t ’  r a t .  Pst ’chuidcbooizdcvlo’cgccnlne’ cu t lids o l c c c e ’
5i.: P c ‘ FIr - a plc c ’ h c c c c ’ c  I I n t c’rm i i  en I c cil vu Iscu (ns last  cng deppnc c x i lc ld o lc  lv
:coc 1\ .—_. N-e - a - c ’  

1 .9. sc- c . c t c c h  d l t ’ c I I I c  s s i t b c t i i  1(1 m i i i  l c c c c c’’ c l c ece ’ s  ( .5 mg kg 1
13,1 . 1~~~u •““~~~~ - . ~- ‘~~ ( c c . )  j c r c c c h i l c e d l  r c u i d u c h  h e c u i i  icc-cc I . l ah ccunv ’cl b m e ’ c o t h u n g ,

5 c c - , -  \ Ii - .-- - L L _ / S ~~’O r u l n u t i l t g  , i , i i c c - d t \ . ‘c i c i s - c -n i t i g ,  i h t s u c r l c ’ n t c c t i c cn , j e rku ug  and

~~~~~~~~~ ‘7 _
2 

“~�A5 
-

_ cu [ c [ c n c u x d c u c . d l c - i v  2 I c c  3 I d r n c ’ s  mccnc ’  pcc t t ’ ! it  a st i m c i l a n t  as
c c c i u i j c . c t c - , l  I c c  C ’’d . c i t I i ’ .

05 1 2 3 4 5 t ’u 05 I 1 1 I i u c s  si ci i i , -  ohe ’ t c icc i i s tmc cl e s  t h a t  N - o l m ’ me t h , - l a t i o c n  anti
( ‘2 -c’p c inc’n c t cm I i ’  cii c c l  c c  cc c o lic ’ heal I t i c  cc cmp c (undl  s which have

- ‘ ct  2 . ( c c i d , l c . d i . d i c s ’  c i c ’ , t r c t , c c l c , u , ,  cut 3 ) (  u . ,  c c , , , . ~Il - — u i ’ i r , c u c  a d d ,’ s u g n t f i o c i n f l ’ c -  u l i f f c ’ m e n t  c l i s j c c i s c t u c c n . c i  1 d r c c l d l ( ’  in  the  (‘ 5 5 ,
c u d  ‘ I i  - i ,~~~ c c l u - u - u ,  c i , , , -  i c c  b r ,ucc c , , c i c l  ‘ l , c ’ c c , . c  ‘ i i  i cc ,u i , -  l i e u  cc c c c .  c l i ,  i , u u c , h  Idly , ’  i- lhi cn c ’ [siteli t s t i r n u l c i n t  c c l  c s - c l ’ . ’  c c ’c cccm h ici ne el i c c

.1 — i i c c i l c ’  2 , u ci ~ (c cc ‘ ( t i c - c -  i c c — c  c l . ’ — , ’  i c c  I s . c c c i , - , i d - c c , . I ~~~~ i c i u rc . e c u  I c - c c -  c u , ’ . In  d i d l i l h l u c m n , soiii m_’ m c d  l It ’  p i c i a r  n i c — t a i io ( h i t e s  i d
ii co ’a il ca l ice  -~ a I M  c u t  1cm cc 55,1 I c — — c c ,  c,, dc l  ‘ ‘ c  iu c l  d i u i c u I l  i c ,  c m c c r c - c c c , c c t i c ’  c i n c h  1 d . c l ’ d l d i c c c d c c  d d e , e.g. b en , d i vh n l ,r c cg c c n i ne
d l c - t , ’ r u c i c c i . c I , u c i i .  f r o l ic  I _ c u i , u c c a l —  c i  c ’ .c ’ h I l c u c u ’ . — -c c n c l  l d s c . u d l  ‘bc -mi , ’’ c v i ec gc ‘lu cid ’ , l” c ~c’ ’-c-- c ’ci p cd l t ’nt  st l t i lsl lci i’i t
c c - c - l u n d ’ . i t ’  ‘md c c c  d c u l t i -  c i n c h  li s u ’ l l l l c u c m i c c m m n ’ cii c l  i c l . c u u c  10 u I , ’  - i ~ d ccc  c i  cc c u t  t c c d u c c i d ’ r l u . c  ( i v  in the’  m d i i .

‘ 
d c ~~~, c d  c , c i u h  ( . 2 1 i c ’ s 1 c c ’ c  t i c c ’ - i c c - , t i c c i l  i i i  j c ( . c ’ _ t i u . c c c  I , c d i

c c  2 Ii r c ’ s j c u - r t i ’ . - i - i , - . The’ h n ,uu n  I c c  p i.c- ~lii, c i . d i i c c s  cc . 2 5 ,
c c i , I , 2 , 0 I) 1’’’ - ,o — i t i j c c t i u c i c  ss-er e u s  f d d h h c  u cc s - cc ,v’c u m n , ’
I 5 ’ ( , I i 7 d (  ( 9 .  5 , c c c c m c c c c , u i l l u ’  1 5 7 . I c c i , , ‘ c ,7 , 1 , c  ‘( 1 4 ;  2? . ’. . I . .  \ l c ’ c m, c mc c c l  is . \ I c - r i ’ , i c - - d ’ ’ , , c c c c c , ,  d O - c c  l’ .u c h .  l ’har ’

l c s c - c c c l c , c  ‘c . c d u i c ’  2. 5 , 4 .7 . 2 .4 , 1 . 4  i c c  O - s i c c - c I c c c c ’ l v .  c c c .  I I , c c c l ) i ’ c 7 s l .
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D I S P O S I T I O N  OF [3 H] BENZOYL NORECGONINE (COCAINE METABOL ITE ) IN THE RAT
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ABST RACT

The preparation and disposition of [~ii] benzoylnorecqonine , whi ch has
potent stinuu4nt activity intracisterna ll y in the rat , has been descri bed .
Tide T1/2 of [~ llj benzoy inorecqonine in brain and plasma of rats Injected with
a 10 mg kg -i i .v. dose were 3.0, 1.2 h respectively. The ratio of mean peak
concentration in brain to that in plasma was 0.03. ho rnetabolites of ben—
zoy lnorecqonine were observed in rat brain, The mean percentage of dose excreted
in urine and feces in 96 h were 85 and 2.2, respectively, with major excretion
(82,S~) occurrin g within 24 h in urine. Approximately 9O~ of the radioactivityin urine was due to unmetabo lised benzo ylnorecqo nine and 107. due to an unident—
if ied icietabolite. Norecqonine was not detected as a urinary metabo lite.

INTROD(JCT ION

Benzoylnorecgon ine has been shown to he a metabolite of cocaine in the

rat (r’lisra et al. , 1974a; layak et a]., 1976), dog (Misra et al . , 1976a; 1976b )

and the monkey (Misra et al. , unpublished observations). Alt hough not active

by systemic routes of administration , it possessed potent stimulant activity in

the rat on intr acisterna l injection ((lisra et al . , 1975) and was approximately

ten times nore potent compared to benzoy lecgonine , another metabol i te of coca ine .

Benzoylec gonine and benzoy lnorec gonine persisted in selected anatomi c areas of

the C1S of the dog , long after the disappearance of cocaine following a 5 mg kg’
~

i.v. injection of [3H3 coca ine. These polar metabo lites formed molecular

complexes with Ca2” (rlisra and Mule ’ , 1 975) and may play a role in the acquired

sens itivity to cocaine in experimental animals on chronic treatment (Misra et al .,

l 976b). Ho information exists on the disposition of benzoylnorecgonine. We

report here the preparation and physiological disposition of {3H] benzoyl-

norecgonine in the rat.

*To whom correspondence should be addressed .
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MATERIALS AND METHODS

1. 13H] Benzoylnorecgonine

This was prepared by the hydrolysis of carrier—diluted [3H] norcoca ine (M i sra

et al . , l976c) by a microscale adaptation of the procedure of Findlay (1954) for

benzoylecgonine. The final product was repeatedly recrystallized from ethanol

to furnish [3H] benzoylnorecgonine, specific activity approxima tely 188 uci/mg

and radiochemical purity 95%. This material was diluted with nonradioactive

benzoylnorecgonine to a specific activity of 15 uci/mg for the preparation of

injection solution in 0.9% saline , us ing appropriate amount of iN hydrochloric acid.

2. Method of estimation of [3H3 benzoylnorecgonine in biological materials

The method used was essentially that described for [3H] benzoylecqonine (Misra

et al . 1975). The concentration of non%abeled carrier solution used in the

extractions was 250 ug/mi . The in vitro recoveries of [3H] benzoylnorecgonine

were similar to those described for [3H] benzoylecgonine (Misra et al., 1975).

3. Animal experiments

Male Wistar rats (lin_ l 6Og.) were injected intravenously (tail vein) with a

10 mg kg~ dose of [“H] benzoylnorecgonine . After appropriate time intervals ,

brain and blood were collected as described previously (Ilisra et al ., l974b).

Blood was llmiediately centrifuged to obtain the rlasma and the samples kept

frozen till analysed. Known weights of brain were homogenised In 0.9% saline

to give a 20% homogenate and 2 ml. aliquots were taken in duplicate and analysed.

Plasma , diluted , was similarly treated.

4. Metabolic studies

Four male Wistar rats were Injected Intravenously each with a 10mg kg’
~ dose of

[3H] benzoylnorecgonlne and urine and feces were collected at 24, 48 , 96 h

Intervals In metabolism cages. Diluted samples of urine or fecal homogenate

580
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were ana lysed for [3H] benzoylnorecgonine and total radioactivity by the

previous meth od (Misra et al . , 1975; Nayak et a l . ,  1976).

5. Metab ol i tes of [3H~ ben z~y lnorec~jonine in rat brain

Drain of rats injected Lv . wi th 10 mg kg” dose of [3H] benzoylnorecgonine

and removed 30 m m .  a f t e r  in j e c t i o n  were homogen ised and ex trac ted w i thout the

addition of nonradioactive carrier by the previous procedure (Misra et al. , ‘1 975).

The residue from the organic phase was dissolved in methanol and subjected to

ITLC in  different solvent systems.

6. Urinary metabo lites of [ 3 H] benzoy lnorecgonine in the rat

Pooled urine from rats injected intravenously with a 10 mg kg ’1 dose of [3H]

ben zoylnorecgonine was repeatedly extracted (without carrier) by the previous

procedure (Misra et al ., 1 975). The residue from the orqanic solvent extract

disso lved in methanol was subjected to ITLC in  different solvent systems.

RESULTS AND DISCUSS ION

Data on the uptake of [3H] benzoylnorecgonine in rat brain and plasma , brain

to plasma ratios af ter 10 mg kg ’
~ i .v. injection are given In Table 1. Mean

peak concentrations of [3H] benzoylnorecgonine in brain were attained within

15 m m .  and were susta ined upto 30 m m .  The levels decline d to 0.10 ug/g in

brain and 0.44 ug/m1 in plasma 6 h post-injection . Barely detectable amounts

of benzoylnorecgonine were present in brain and plasma 48 h post-injection .

The ratio of mean peak concentration in brain to that in plasma was 0.03

(apparent partition coefficient of {3H] benzoylnorecgonine in i-octanol-M/15

phosphate buffer, pH 7.4, 0.21+0.01 (S.E.M). Benzoylecgonine (Misra ~~~~~~

1975), ecgonine (Misra et al . , 1974c) and cocaine (Misra et al . , ]974a) gave

brain to plasma ratios of 0.05-0.12, 0.03, 11 .9 respectively wi th a similar dose

by the same route of injection in the rats. The low values of brain to plasma

ratio of benzoylnorecgonlne showed that the highly polar character of this
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compound prevented its entry through the blood-brain barrier in high con-

centrations. In spite of this , small  concentra t ions entered the CNS and were

gradually cleared within 48 h. The presence of benzoylnorecgonine in significant

amounts in brains of dogs (Misra et al . , 1976a) and monkeys (Misra et al . , un-

published observations) administered 5 mg kg ’1 i.v . doses of [3H] cocaine would

therefore imply metabolism in part of cocaine to norcocaine and benroylnorecqonine

in situ in the CNS of these animals. The half-life of benzoylnorecgonine in

rat brain and plasma was 3.0 and 1.2 h respectively.

Thin layer chromatographic studies on brain extracts of rats injected with

10 mg kg~ i .v, dose of {~H] benzoylnorecgonine showed absence of any metabolites

in brain.

Data on the urinary and fecal excretion of [3H] benzoylnorecgonine after

a 10 mg kg”~ i .v. injection in the rat appear in Table 2. Renal excretion of

benzoylnorecgonine began very fast and 82.5% of the dose was excreted in urine

within 24 h. Excretion of approximately 91% of the total radioactivity in urine

and feces showed that this polar compound was not sequestered in rat tissues

on systemic injection . Thin layer chromatographic studies on the extracts of

pooled urine provided evidence that 90% of the urinary radioactivity was due

to unnietabolised benzoylnorecgonine and 10% due to an un identified metabolite.

Norecgon ine was not detected as a urinary metabolite of benzoylnorecgonine.
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Estimation and disposition of [3H}benzoy lecgonine and
pharmacological activity of some cocaine metabolites

Benzoy lecgonine(p Ka8’65 , 880 , 11 ~8O) is known to be the major metabolite of cocaine
(ref. cit. Misra , Nayak & others , 1974a). No information exists on the physiolog ical
disposition and metabolism of benzoy lecgonine. Its amp hoteric nature and
unfavourab le partition characteristics have hampered the development of a sensitive
method for its estimation in biological materials , Previous methods (Misra , Pontani &
Mule , 1 973a ; Valanj u , Baden & others , 1973; Koontz , Besemer & others , 1973;
Bastos , Jukofsky & Muli,~. 1974) lack adequate sensitivity for its estimation in sub-
microgram range in tissues. This communication describes an improved method of
assaying [3H]benzoylecgonine in biolog ical materials , its distribution and metabolism
in the rat and its gross pharmacolog ical acti~itv in the rat and that of some other
metabolites of cocaine (benzoy lnor ecogonine , ecgonine , norcocaine and ecgonine
meth y lester) after intravenous and intra ci sternal injections ,

[3 1-1]Benzoylecgonine (sp. act. 31 ~Ci mg ’) was prepared by the hydrolysis of
carrier-diluted [‘)Hj cocain e(Nayak , Misra & others , 1974) by a micro-scale adaptation
of the procedure of Find lay (l954). Benzoy lecgonine , ecgonine methyl ester were pre-
pared according to Findlay (1954) . b en/ovln orc cgoni lie and norcocain e 1w the method
of Schmidt & Werner (1962) and ecgonine by the method of Bell & Archer (1960).

In vi t ro  recoveri es of [ 31!]h c,I: o) ’I ecgonine f rom biological p nat cr ia (s. Two nil
ali quots of diluted urine . p lasma ( 1 : 5 )  or tissue homogenates of rats (20 % in O’9%
saline) containing known concentrations of (3H]benzovlccgonine in the 5—1000 ng
range were transferred to 40 ml centrifuge tubes containing I ml nor ,-radioactivebenzo-
ylecgonine (500 js g nil ~) as carrier , To th is sal unon 2 g solid N ,C03 was added (pH ,
11— 12)  followed by I S ml chlorof orm—is oprop anol (2: I . v ’v) and the mixture shaken
for 20 m m .  After centr if ugal ion l’or 10 mm, the aqueous phase was aspirated and 10
ml organic phase evaporated to dryness at 45 -5O~ in count i n g via ls, The residue was
dissolved in 0’S ml methan ol , 10 ml toluene pho sphor added and radioa ctivity
determined in a li quid scintillation counter . Other details on counting techni que ,
calibration curve for calculation of benzoylecgonine concentrations in tissues and
fluids have been described by Misra & Mule ( 1972) . Misra. Mule & others (l973h)
and Misra , Pont ani & Mule (l974h ). In vitro recoveries of [3H]benzoy lecgonine
from aqueous solutions in the concentrat ion range 5- 1000 ng were : 954 ± 0 3 %
(s e,); from urine and plasma 9l ’O ± l ’7% (s e.); brain 90’O 0 6 %  (s e.); and liver
81’3 ~~

- O~9 % (s e.). Extractions at lower p H with or without  saturation of aqueous
phase wi th  sodium chloride or washing of organic phase with dilute 4°/a K 2HPO4
buffer lowered the recoveries. Ecgonine was also quanti tat ivel y extracted by this
procedure , For the specific extraction of cocaine from biolog ical materials see
Misra & others (1974a).
Distribution of [3fflhenzoi ’Iecgonine in the rat. Male Wista r rats (130— 160 g) were
injected i~ the tail vein with a 10 mg kg ’ dose of [3H}benzoylecgonine (sp, act, 6’2
1zCi mg-’). At chosen times, anim als were lig htly anaesthetized with ether and blood
drawn into heparini zed vacutainer tubes by cardiac puncture. Plasma was obtained
immediately by centrifugation. Known wei ghts of brain were homogenized in 09%
saline to give a 20% homogenate and 2 ml ali quots were taken in dup licate and
analysed. Plasma , diluted , was s imilar l y  treated ,

For intracisterna l injections , rats were l i gh t ly anaestheti zcd with ether and injected
with [3 l-l~hen7oy lecgonine I mg kg~’ in 10 1d, Brains were removed 0’S h later and
analysed for hen znv lccgon ine . Cocaine and other metah ofites were simi larly injected
intrac i s tern al l v  in volumes of t O ~d , the pH of solutions being adjusted to 6’8—7 0
with O ’l N NaOH. 
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Metabolic studies . Male Wistar rats were injected intraperitoneall y with 200 mg k g— ’
benzoylecgonine and the urine was collected for 48 Ii, pooled, evaporated under
vacuum , and the residue repeatedl y extracted with methanol. The methanol-so luble
portion , on preparative thin-layer chromatograp hy (Gelman instant thin-layer
chromatograp hy media [ITLCI silica gel , 20 x 20 cm sheets) with solvent system :
n-butano l—acetic acid—water (35:3: 10, v/v), provided 2 major bands RF , O~l 5—0~50
(A) and 0~8—b O (B). These were eluted with methanol and separately rechromato-
graphed on the same medium with ethy l acetate—methanol--cone. ammonia ( 1 5 : 4 : 1 ,
v/v). This procedure resolved A into two compounds RF 0~O5 (minor) and 0~24
(major) and B into RF O~3 (minor) and 0~8 (major), respectivel y.

[3H~BenzoyIecgonine concentrations in rat brain and plasma after a 10 mg kg, i.v .
injection are in Table 1. Mean peak concentrations in brain were attained O~5 h
after injection and declined to 20—28 ng g ’ or nil by 6 h. The ratio of mean peak
concentration in brain to plasma was O~l2 (apparent partition coefficient of [~HJbenzo~
ylecgonine in 1-octanol—phosp hate buffer pH 7 4 , 0~l5 ± 0~0l s.e.). The brain to
plasma ratio with [‘Hj ecgonine (Misra , Vadlaniani & others , l974c) after a similar
intravenous dose was O’03.

Cocaine (apparent partition coefficient in 1-octanol—buffer pH 7~4, 7~6 ± 0~l s.c.),
however provided a brain to plasma ratio of 1b9 , 15 m~r. ‘sfter injection of a subcon-
vulsive 8 mg kg— ’ intravenous dose (Misra & others , 1974a) and the peak concentra-
tions of [3HJ cocaine in brain and plasma at this time were 7269 ± 177 ng g ’ and
612 ± 62 ng ml-’, respectively. The half-lives of benzoy lecgonine , ecgonine and
cocaine in rat brain were 3, ‘ ? and 0’4 h , respectivel y, that in plasma O~8, 3~8 and
O~3 h , respectivel y.

After intracisternal injection of [3H]benzoy lecgonine (I mg kg— ’) to the rats ,
approximately 5--I 1 % of the dose g 1 of brain was observed 05 h post-injection.
Extraction of rat brains and thin-layer chromatography of the extract provided no
evidence for N-dea lky lation of benzoylecgonine to benzoy lnorecgonine.

The compounds of RF O~24 and 0~8 were shown to be ecgonine and benzoylecgonine
by co-chromatograp hy. A minor compound RF O~3 showed the presence of a phenolic
group by Folin-Ciocalteau and FeCI3-K3Fe(CN)6 reagents. A compound of RF O~O5
gave a positive test for glucuronide (Dische . 1947) and on hydrolysis with ~-glucuroni-
dase at pH 6~8 generated the phenolic compound. It was also intensel y positive to
cobalt nitrate reagent (Azouz, Parke & Williams , 1953). These experiments provided
evidence for the existence of benzoylecgonine and the formation of ecgonine as a
major metabolite and two minor metabolites, i.e. a phenolic compound (p-aromatic
hydroxylat ion) and its conjugate as glucuronide.

Table 1. Distribu liono of [3H}benzoylecgonine in brain and p lasma of male JVisf ar  ra ts
after a 10 mg kg-’ dose by intravenous injection.

025  h 0~5 h 1 h 3 h 6 h Half-life
(h)

Brain .. . . 208 + 14 366 j 114 283 :~ 52 I I I  ± 7 20 ± 2 1’3
Pla sma . . . . 4150 + 282 3088 -‘- 175 2008 ± 284 338 ± 115 28 ~ 4 0’8
Brain/ p la sma ratio 005 012 014 032 0’71

(a) Data are mean values ~ s.c.m. (ng g ’ wet t issue weight or ml fluid) of 6 determinations from
3 animals at each time. 

- ~~~~.—--,— - --- -  -.-—--—- -- - - - - - - - - -



786 COMMUNICATIONS, J. Pharm . Pharmac., 1975, 27, 786

No observable pharmacological effects were noted with ecgonine and ecgonine
methyl ester alter hi gh doses (200 mg kg-’, iv .  or 10 mg kg ’, i.e.) and also with
benzoylecgonine after doses of 250 mg kg-’ (i.v.). Cocaine and norcocaine, the lipo-
philic compounds , were active by both intravenous and cisternal routes. A 20 mg
kg ’ (i.v.) injection or 1—2 mg kg— ’ (i.e.) injection of cocaine and norcocaine to the
rats caused excessively rapid heart beat, convulsions and death within 3—5 m m .
Lower doses (5— 10 mg kg ’, i.v. or Ø•5~ 1~0 mg kg-’, i.e.) produced similar results with-
out mortality, and the effects lasted for 5—20 m m .  At 1 mg kg—’ (i.e.) benzoy lecgonine ,
piloerection , running and jump ing activity, jerking, rapid breathing and squeaking
appeared within 5 mm and these effects lasted for approximately 4 h; with higher
doses (2 mg kg-’) these effects became more violent without ensuing mortality.
Benzoylnorecgonine (100 ~g kg ’, i.e.) produced effects similar to benzoylecgonmne
within 1 mm of administration and death within 30 m m .  The potent stimulant
effects observed with these two compounds on intracisterna l injections were dose-
dependent and their nature were distinctl y different from those observed after the
injections of cocaine or norcocaine.

This investi gation was supported by the U.S. Army Medical Research and Develop-
ment Command under Contract No. DADA-17-73-C-3080. The technical assistance
of Mr. George Casella is gratefull y acknowledged.
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PHYSIOLOGIC DISPOSITION AND METABOLISM OF (3H) ECGONINE

(COCAINE METABOLITE ) IN THE RAT

A .L. Misra , N.L. Vad laman i , R. Bloch , P.K. Nayak and S.J. t’~ile ’

New York State Drug Abuse Control ConTnission

Testing and Research Laboratory

Brooklyn , New Yor k 11217

ABSTRACT

A simple method is described for the estimation of [3H] ecgonlne In

biological materials whic h gave in vitro recoveries of 47.2 + 1.7 (S.D.) %

In the concentration range 5-1000 ng. Following a 10 mq/kg intravenous dose

i n the rat , mean peak levels In brain, kidney , li ver , lung , heart , intestine ,

muscle and spleen were 0.7, 145.6, 13.9, 13.5, 7.7, 7.6, 5.8 and 5.6 JIg/Il

respectively wi thin 15 minutes after Injection. The ratio of mean concentra-

tion In bra in to that in plasma at this time was 0.03, Ecgonlne was not meta-

bol ized in the rat and the percentages of dose exc reted in urine and feces in

96 hours were 90.6 and 8.8, respectively, wi th major excretion (86.2%) occurr-

ing wi thin 24 hours in urine. In spite of Its highly polar character , ecgo n-

Inc crosses the blood-bra in barrier In small concentrations and has been found

to be an Inactive metabolite of (3H] cocaine In the rat brain.

55

- -



VOL.8 , NO.1 Research Communications in
MAY 1974 Chemical Pathology and Pharmacology

IN TRODUCT ION

Metabolism of cocaine In experimental animals Is thought to proceed

by hydrolysis of two ester groups to yield benzoylecgonine and finally ecqon-

Inc (Woods, et al., 1951 ; Sanchez, 1957; Monteslnos , 1965; Ortiz, 1966; Fish

and Wilson , 1969). However, evidence for the formation of ecqonine as a meta-

bolite of cocaine in tissues is tentative and It is not known whether ecgonine

is further biotransformed . No information exists concerning the physiologic

disposition and metabolism of ecgonlne. The amphoterlc nature and unfavorable

partition characteristics of ecgonine (pka, 10.91 , 11 .15) have hampered the

development of a sensitive method for Its estimation In biological materials.

Paper , thin l ayer and gas chromatographic methods (Majla’t and Bayer, 1965;

Misra , et al., 1973; Valanju , et al., 1973) and derivatisation methods (Koontz,

et al., 1973; Bastos, et al., 1974) for the separation and detection of ecgon-

Inc from Its congeners, generally lack adequate sensitivity for Its estimation

In tissues.

This conrunicatlon describes a sensitive method for the estimation of

(3H] ecgonine In biological materials and its physiologic disposition and meta-

bolism in the rat.

MATERIALS AND METHODS

1. Ecgonine

It was prepared from cocaine hydrochloride by the method of Bel l and

Archer (1960).

2. Ludy Tenger Spray Reagent

The reagent was prepared as described (Ludy Tenger , 1951).

3. [311] Ecgon lne

AcId-catalysed exchange tritium labeling of ecqonine hydrochloride was
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carried out at M~ers ham Sear le Corp., Ar l inton Heights , Illinois. After

removal of labile tritlum and catalyst , the product was dissolved In water

and freeze-dried. The crude residue was dissolved in methanol diluted with

nonradloactive ecgonine and subjected to preparative ITIC, silica gel (20 X

20 cm) wi th solvent system , n-butanol-acetic acid-water (35:3:10, v/v). Ecgon-

Inc band (Rq 0.3 - 0.5) located by spraying a guide strip with Ludy Tenger’s

reagent, was exhaustively eluted wi th 500 ml 95% ethanol . The eluate was freed

of silica gel by fil tration and evaporated to dryness In vacuo. The residue

obtained had approximately 75% isotopic purity. Further purification of this

residue was done by preparative rmc (20 X 20 cm) wi th ethyl acetate—methanol-

conc. anronia (17:2:1 , v/v). Ecgonine was eluted as before and recrystallized

from ethanol-acetone to a colourless crystalline product m.p. 198 - 1990 (decomp,),

isotopic purity 95%, specific activity 33 MCi/mg. The chemical and radiochem-

ical purity of ecgonlne was confirmed by m.p., I.R . and thin layer chromatography

in different solvent systems and radioscanning of chroinatograms. The radioac-

tive ecgonlne was diluted with nonradioactive compound to a specific activity

of 3.3uCi/mg for the preparation of the injection solution in 0.9% saline.

4. EstImation of [3H] Ecgonine in Biological Materials

One ml aliquots of diluted urine or plasma (1:5) or tissue homogenates

(20% In 0.9% saline) In duplIcate were transferred to 40 ml centrifuge tubes

containing 0.5 ml nonradloactive ecgonine carrier (1 ma/mi), the p11 of the solu-

tion was brought to 10-12 with 1.0 ml lN NaOH. Thirty ml of chloroform-methanol

(68:32, v/v) were added and the mixture shaken for 20 minutes in an Eberbach

shaker. After centrifugation for 15 minutes , top aqueous phase was aspirated

and 15 ml organic phase transferred to countirbg vials and evaporated to dryness

at 45-50°C on a Fisher Slide Warmer. The residue in countlnq vials was dissolved

In 0.5 ml methanol and 10 ml to luene-phosp hor solution added and radioactiv ity
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- . determined In a Nuclear Chicago Mark TI Liquid Scintillation Spectrometer.

The counts were corrected for quenching using [3H] toluene as an internal

standard . Other details on counting technique , calibration curve for calcu-

lation of ecgonlne concentrations in tissues and fluids have been described

previously (Misra, et al., 1973; Mlsra , et al ., 1974). The recoveries of

[3H] ecgonlne from diluted urine , plasma and tissue homogenates in the con-

centration range 5-1000 ng were 47.2 + 1.7 (S.D.)%, respectively. Saturation

of solutions wi th solid sodi um chloride in the extraction procedure did not

Improve the recoveries. Extraction of ecgonine wi th chloroform alone or with

chloroform containing different concentrations of lecithin or sodium laury l

sulfate gave very poor recoveries. Cocaine and benzoylecqonlne will also be

quantitatively extracted by this procedure at pH 8-9. As specific methods for

the estimation of these compounds are already available (Nayak, et al ., ‘1974a,b)

determination of ecgonine in a mixture of these three compounds can easiTy be

done by differential estimation.

5. Anima l Experiments

Male Wistar rats (120—150 g) were injected intravenously (tail vein)

with a 10 mg/kg dose of [311] ecgonine. After appropriate time intervals ,

tissues , blood , urine and feces were collected as described previously (Misra

and Mule ’, 1972; Misra and Mule ’, 1973; Misra , eta l ., 1973; Misra , et al ., 1974).

6. Metabolic Studies

An aliquot of pooled urine of 10 rats each in .jected intravenously with

10 mg/k g dose of [3H] ecgonlne was brought to pH 10-12 with iN NaOH and the

solution extracted repeatedly with 12 times its volume of chloroform-methanol

(68:32 , v /v ) for 30 minutes. After centrifu gation for 10 minutes, the organic

phase was separated , filtered and the residue obtained on evaporation in vacuo

was dissolved in methanol for further characterization by ITIC.
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RESULTS

Data on the distribution of ecgonine in vari ous tissues and plasma

following a 10mg/kg l.v. dose appear in Table 1. Mean peak l evels of ecgon-

Inc attained wi thin 15 minutes of Injection in kidney , liver , lung , heart,

intestine , muscle and spleen were 145.6, 13.9, 13.5, 7.7, 7.6, 5.8 and 5.6 ug/g,

respectively. The values at 15 m m .  In brain were the lowest (0.7 .ugfg) and

those in plasma were 23 Mg/mi . The ratio of mean peak concentrations in brain

to plasma was 0.03. Tissue levels of ecgonlne declined considerably by i~
hours after injection but comparatively higher levels were still present in

liver , intestine and kidney. The data on urinary and fecal excretion of ecqon-

Inc following a 10 mg/kg i.v. dose appear in Table 2. Renal excretion of

ecgonine began very fast and the major amount of the administered dose (86.2%)

was el iminated in the urine wi thin 24 hours. Significant amounts were also

excreted in the feces. Almost quantitative excretion of radioactivity in urine

and feces occurred within 96 hours after injection of ecgonine.

Metabolic Studies

The methanol-soluble residue from the extracted urine was chramato-

graphed on ITLC silica-gel sheets ~0 X 2~ cm and developed with n-butanol-

acetic acid-water (35:3:10 , v/v). A single radioactive band Rf 0.45-0.55 pos-

itive to Ludy Tenger reagent, was eluted wi th methanol and co-chro~natographed

with standard ecgonine In different solvent systems. Only a single peak of

radioactivity wi th Rf identical to ecgonmne was observed. Paper chromatography

wi th solvent system n-butanol-acetlc acid-water (4:1:5, v/v) also produced a

single peak of radioactivi ty Rf 0.4 due to ecqonine. These radioscans provided

evidence for the absence of any metabolites of ecgonlne.

DISCUSSION

The low value of the ratio of peak brain to plasma concentratiOns 15
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minutes after injection of ecgonine indicates that the blood-brain barrier

can prevent entry of a hi ghly polar compound into the rat brain. In spite of

this, small concentrations of ecgonine entered the brain and were cleared

gradua lly in 16 hours . The decline of ecgonine levels with time in other

tissues was comparatively faster. Alraost quantitative clearance of radio-

activity in urine and feces suggests that ecgonine was not sequestered or

retained in the rat tissues. Ecgonine was not m etabolized in the rat. Defin-

itive evidence has been obtained for the formation of ecgonine as one of the

metabolites of [3~i] cocaine in the rat brain (tlisra et al ., unpublished obser-

vations). The absence of any observable pharmaco logical effect even with

higher i.v. doses of ecgonine (100-200 mg/kg) in the rat would indicate that

It was an inactive rneta bol i te ~f cocaine. -
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~~~ ar

[3H]-cocaine , [3H]-norcocaine . [3H]-benzoylecgonine and [3H]-ben—
zoylnorecgonine were administered i c .  in equi-potent pharmacolo-
gic doses and the intracellular dispos .tion and metabolis o of each
drug determined . Norcocaine and cocaine rapidly entered and eqres-
sed from the brain so that 4.8-6.1% of the radioactivity present
in brain at one minute was observed at 30 minutes. The hignest
levels of subcellu lar radioactivity were generally found in the
microsom al p lus supernatant , followed by the nuclear and shocked
mitochondrial fractions. No apparent localization of the radioac-
tivity occured in synaptic membranes. The brain/plasma (B/P) ratio
curves for cocaine and norcocaine were similar; however , the nor-
cocaine values were considerably higher at each time interval.
Benzoylecgonine and benzoylnorecgon ine had higher comparative B/P
ratios than cocaine or norcocaine and persisted in brain for a
longer period of time so that 0.6-2.1% of the radioactivity pre-
sent in brain at 1 hour was detected at 24 hours. Cocaine and
norcocaine were extensivel y metabolized to the benzoy lmetabolites.
Benzoylecgonine was metabolized to benzoylnorecgonine and benzoy l-
norecgonine was unmetabolized . The brain disposition data and B/P
ratios agreed quite well with the overall pharmacologic action of
cocaine and its metabol i tes.

Following the administration of {3H]-cocaine to rats , the metabo lites nor-
coc ai ne , benzoylecgonine , benzoylnorecgonine and ecqonine were shown to be pre-
sent in whole brain (1). Cocaine and norcocaine were pharmaco loqically active
when administered by either intravenous or intracisternal route (2). Benzoyl-
ecgonine and benzoylnorecgonine exhibited potent stimulant activity only after
intracisternal administration whereas ecgonine and its methyl ester were inac-
tive by either route (2, 3). In the dog and monkey , benzoylecqonine and ben-
zoylnorecgonine persisted in the CNS for a much longer period of time than co-
caine or norcocaine (4, 5, 6). These observations on cocaine and its metabo-
lites prompted us to study in vivo the distribution of these compounds in in-
tracellular and synaptic membrane fractions of rat brain in order to gain
insi ght into their mechanisms of action . The results of these studies are re-
ported herein.
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fraction. There did not appear to be a localization of drug in the synaptic
membrane fractions (M1 0.9, 1.0 , 1.2). Twenty minutes after administration of
coca ine, no radioactivity was detected in either the synaptic membrane or pel-
let fractions.

A metabolic analysis of the brain homogenate at various time intervals in-
dicated extensive metabolism of cocaine (Table 2) that increased with time .
The metabo lites of cocaine i dentified were norcocaine , benzoy lecgonine and ben-
zoyl norecgonine . The percentage of these metabolites increased with time as
more of cocaine and the metabo lite , norcocaine , were converted to benzoylecqo-
nine and benzoyl norecgonine . At 30 minutes there was almost equivalent quan-
tities of benzyo l norecgonine and cocaine in the brain (31.6-35.6%).

TABLE 2

Metabolic Profile in Brain at Various Time Intervals
Following a 0.5 mg/kg Intracisterna l Injection of r3H}-Cocaine .a

TIME CY CLO HE XAN E EXTRACT CHLOROFORM : I SOPROP AN OL EXTRACT

Cocaine Norcocaine ~~~~y lec onine Benzoylnorecaonine

3 m m .  57.3  20.7 7.4 14.6

5 m m .  55.6 16.4 9.4 18.6

10 m m .  46.1 13.9 13,1 26.9

20 m m .  40.5 13.5 15.9 30.1

30 m m .  35.6 13.3 19.4 31.6

a. All values represent the percentage of the dose present in the brain
homogenate of two pooled rat brains at each time interval.

Si gnificantly high levels of radioactivity were observed at one minute
in brain (Table 3) after the intracisternal administration of 0.125 mg/kg
13H]-norcocaine . The level of radioactivity in brain declined rapidl y so that
only 4.8% present at one minute remained after 30 minutes. The microso mal
plus supernatant fraction , followed by the nuclear and shocked mitochondrial
fractions , contained the major quantity of the radioactivity at each time in-
terval . Again , as with cocaine , the M 1 (0.8) subfraction contained consider-
ably hi gher level s of drug(s) however , there appeared to be a tendency to
localize in the N1 (1.0) synaptic membrane fraction during the first five
minutes after drug administration . Radioactivity was still present in all the
fractions through one hour indicating a greater degree of bind inq in compari-
son to cocaine.

At three minutes after the intracistern al injection of [3H3-norcocaine ,
about 8% of the dose present in the brain homogenate was benzoylnorecgonine
and 92~ as the administred norcocaine (Table 4). As the time after drug ad-
ministration increased , a greater percentage of norcocaine was metabolized
to benzoylnorecgonine so that at 30 minutes 72% norcocaine and 28% benzoylnor-
ecgonine was observed in brain. No other reetabolites of norcoca i ne were iden-
tified in brain during this 30 minute time interval.
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The intracellu lar distribution of radioactivity fol l owing the intra-
cisternal administration of 0.75 mg/kg of [3HJ-benzoy lecgonine apomars in Table 5.

TABLE 4

~-1etabolic Profile in Brain at Various Time intervals
Fol l owing a -‘) .l25 mg/kg Intracisternal Injection of [3H].~Iorcocaine . a

TIME CYCL O HEXAN E EXTRACT CHLOROFORM: ISO PROPA NOL EXTRACT

Norcocaine ~~~~~ noreçgon i ne

3m m . 92 8

5 m m .  88 12

10 a~in. 89 11

20 m m .  77 23

30 m m .  72 28

i. All values represent the percentage of the dose present in the brain
homogenate of two pooled rat brains at each interval.

TABLE 6

Metabolic Profile in Brain at Various Time Intervals
Following a 0.75 mg/kg Intracis~ernal Injection of

[3H]—Benzoylecgonine . a

T IME CHLO ROFO RM: ISO PROP A N O L E XTRACT
(hrs )

Benzoy lecgonine Benzoy inorecgonine

1 96 4

4 94 6

6 95 5

8 91 9

16 74 26

a. All vaTi~i~ represent the ~~rcentage of the dose pr i thi bra in
of two pooled rat brains at each time interval.

Considerable radioactivity was present per g br aifl after one hour and this
‘I 

Sl owly declined to a level of 1.2% after 16 hours. The radinac tivity was pre-
dominantly localized in the microsomal plus supernatant fraction and declined
throug h ei ght hours at about the same rate as observed for the brain homoqe-
nate. Nuclear and shocked mitochondrial fractions contained considerabl y less
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of the radioactivity at each time internal. There was no apparent localiza-
tion of the radioactivity in the synaptic membrane fractions and no radio-
activity could be de~octed in these fractions or the pellet at 6 and 8 hours.
The M 1 (0.3) fraction contained the highest levels of drug(s) of the M1 sub-fractions through 6 hours

[3 H]-Benzoylecgonine was metabolized to benzoylnorecgonine but only to
the extent of 9% during the first eight hours after drug administration (Table
6). At 16 hours , the percentage of benzoyl ecgonine and benzoylnorecgonine in
brain was 74 and 26, respectivel y.

A
— l’III C ’is. —

T5M~ 04,s

fj~ lres lA and B. Brain/plasma (B/P) ratios (Disintecj.~ations per Illinute pergram brain/Disintegrations per minute per nil plasma). The data represent
the mean v a l u e  S.E. of three experiments of two rats each at each time
period.

The distribution of [3H]-b enzoylnorecgon ine  in subce llular and synaptic
membrane fractions after 0.05 mg/kg intr acisterna l administration of the drug
is suniliarized in Table 7. Six percent of the drug administered was observed
per g of brain at one hour and 0.4% remained at 16 hours (72 nq/q). The druo
distributed in high concentrations to the microso mal plus supernatant fraction
fol l owed by the nuclear and shocked mitochondri al fractions . An apparently
similar distribution of the drug occured In the M 1 synaptic membrane fractions
(9, 1.0 , 1.2) at 1 , 4, and 6 hours. No drug was present in these fractions at
8 hours. Benzoylnorecgonine was also absent in the pellet fraction at 4, 6 and
8 hours.

An al ysis of the brain homogenate at 1 , 4, 6, 8, and 16 hours revealed
that Only benzoylnorecgonmne was prese~it indicating the absence of any metabolism

- 
. for this drug at time intervals described ,

L ~
- - -

~~~~~~~~
-
~~~~~-
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Figures 1A and ~ show the brain/plasma rat ios for cocaine , norcocaine , ben-
zoylecgonine and benzoylriorecgonine at vari ous time intervals.  The B/P rat iOs
were hi gher for norcocaine in comparison to cocaine at each time interval , and
the overall pattern of decay was ident ical. The values were statistically
significant (P <.05) at each time interval except for the one minute value. The
B/P ratios for benzoylnorecgonine and benzoylecgonine were considerab ly hiaher
than those obsarved for cocaine and norcocaine . Benzoylnorecgonine values
were hi gher than benzoylecgonine at each time interval (significant at P - - .05
at all times except one hour) and especially at four hours where the values
wor’e 81.04 and 27.03, respectivel y. At 24 hours the B/P ratios were still
elevated and were 20.18 for benzoylnorecgonine and 3.82 for benzoylecgonine .

Dissuss ior

The i;tra cellu lar distribution of 13H]—cocaine and related surrogates
~nd metabolit es {3H]-norcocaine , [3H]-ben zoylecqonine and [3H’J-benzoylnorecqo-
nine in the brain of rats appeared to be related to the li poph ilic nature and
polarity of each compound. Cocaine and norcocaine with apparent partition
coerf icients of 7.6 and 18.5, respectively ( 3 ,  8) pained rapid entry into
t.s~ brain matrix and although these drugs were extensively metabolized ,
triey appearrd to leave the brain rap idly. At 30 minutes only 4.8-6.1 - of
the radioactivity present in the brain homogenates at 1 minute after norcocaine
or cocaine administration was still present in brain. The half —lives
Hr cocaine in brain and plasma after i.v. adminstration 0.3-0.4 (3) and for
rorcocaine in brain and plasma (0.5-0.6) (8) as wel l as the B/P ratios re-
ported in this study lend further support to the relatively rap id clearance
c~ these drugs from the C~S. Furthermore, the binding of these drugs to
intra cellular fractions was easi l y reversed and the levels of radioactivity

-~“creased rapidly over a period of one hour followinq drug administration.
Following [3H1-cocaine i.c. 51 ~-f  the radioactivity in brain at 30 minutes
ILlS provided by [3H]-benzoylecgonine and ~3H~-benzoylnorecgooine . Following
[3Hj-norcocaine 28~ of th rad La ct iv ity in brain at 30 minute s was due to
{3H]-benzoylnorecgonine -

The penetrat ion , distr ibut ion and metabolism of {3H]-benzoylecgonine and
[3H]-benzoylnorecgo nine was considerably slower than that observed for either
- -)caine or norcoc aine. Ohviousl 1’, this was due in part at least to the
highly polar character and lower l i pi i solubility of these compounds as indi-
cated by the apparent partition coeffic ients of 0.15 and 0.21 for benzoyl-
ecqonine (2) and benzoyl norec oonine (9)1 respectively. The half—lives of
these drugs in brain and plasma after i.v. adminis tration were 1.3 — 3.0
p-ours in brain and 0.2 - 1.2 hours in plasma for benzoylecgon ine and benzoyl-
rior -ecqo nine , respectivel y (2, 9). These data provide additional evidence

~or the persist once of the polar metabolites in brain and blood . At 24 hours
after the administration of benzoy lecgon ine 2.385 ± 211 OMP/q wet weiqht brain
was observed in the brain homogenate (0.6 of the radioactivity present at 1
hour in the brain homogenate). The value for benzoy lnorecoonine at 24 hours
was 23.2 ng/g wet wei ght of bra in (2, 1% of the drug present at 1 hour in the
brain homogenate). There was no apparent localization of these compounds in
the synaptic membranes and the intracellular disposition appeared to parallel
that observed in the brain homogenate over the time period of analysis.
Benzoylecgon ine was slowly metabolized to benzoylnorecqonine (26 present in
brain at 16 hours) and no evidence was obtained for the metabol i sm of benzoyl-
norecgonine after i .c. administration . Neither ecgonin’v nor norecqonine were
identifi ed as iretabo lites of cocaine , norcocaine , benzo-jlecgonine or benzoyl-
norecgonine a’ter intracisternal admi oistration of the Irug. Earlier studies
at different time intervals fo1lo-wIn.~ systemic ~ido~ nistr~t ion of these drugs
indicat ed the presence of bet norecgonine and ergonine in hr .iin (1 , 3, 8).
It appears after cocaine ar norcoc aine adm in 4 straiton i .c. that nietabol isn
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occurs almost immediately indication it occurs directly within brain cells.
In the case of be izoylecgon ine no metabolism of this drug was observed in
brain at 0.5 hr (2) and only 4 o~ the drug was converted to ben zoylnorecgon irk
at one hour (this study) ~hich of course in more than sufficient time for the
drug to recycle through the liver and thus be converted to the metabo lite.

The brain to plasma ratios (B/P) after adni ni ct i~~ ion of coca i ne or
norcocaine were considerably lower than those obtained followin g the adminis-
tration of benzoylecg oriine or benzoy lnorec gonine . The nor coca ine [3/P values
were hi gher than cocaine indicating a grea ter tIssuue affin ity , but the curves
and their slopes were almost identical , indicatin g rap id penetration into , and
egression from the brain and plasma . The B/P ratio s at 30 minutes ranged from
2.7 — 7.J for cocaine and norcoc aine , respec tilol y. The B/P ratios for the
polar motabolites (benzoy lecgoni ne and tienzoylnorec gonine ) indicate a much
greater tissue affinity than observed for oii:i ei coca ine or norco caine with
the values for L-enzoy lnorecqonine cons ideraul - higher than those for benzoy l-
ecgonioe throuchout the 24 hours. ~ t 2- ’ nour~ the P P  ratio for benzoylecgo-
nine and benzoy lriorecgonine wel’e 3.8 and 20.2 , res’ ect ively . The data ob-
tained concerning the disposition of thes-~ drugs -wi tt in brain and the B/P
ratios after intracisternal administrat ion of equl-potent pharmacologic doses
coincides Quite nicely with the overall ph arma cologic effects of cocaine and
its nietabo lites , Tl~’.~ comparative potenc y ratios (rig/kg ) in comparison with
cocaine were : 10 , 4, and 0.67 for benzoylnorec gonine , norcocaine , and benzoyl-
ecrionine , respectively. The lipoph il ic drugs cocaine and norcoc aine penetrated
the brain and the intracel lular structure iirmediate lv and eci ressed rapidly
from the brain and plasma as shown l-~- the B/P ratios and brain disposition
data. The pharamco log ic effect in t~ie rat (rapid h e a r t  rate , running, rapid
breathing) lasted about 5-10 minutes for cocaine and 15-20 minutes  for nor-
cocaine. At least in part the cocaine and norcocaine effects my be ascribed
to the metabo lites of these drugs. Benzoyiecqonir ie and benzoylnorecgonine
provided a such longer duration of action (2-4 hours) and in addit ~ caused
a greater stimulator y effect including :uisc -ing . sq iea king , circl ing, twitch-
ing, and p iloerect ion. The disposition in brai n , the B/P ratios , and the
half—lives of these drugs (benzoylecqonine , benzoylnorec gonine) clearl y reflect
the lo n -~er duration of action . Previous studies (2) indicated the potent
stimulant and dose dependent nature of their action as well as the lack of
e f f e c t  observed with very high doses of henzoy lecq onine and benzoy lnorec gonin-
(250 rip /kg. i .v .) following syste m ic administrat ion , indicating a blood-brai n
barrier effect and the importance of the r~ t aholisrn of cocaine or norcocaine to
the benzny l m etabo lites within brain cells.

Cocaine , norcocaine . benzoy lecgonine and benzoylnore cgonine form molecu-
lar complexes with ca l c i u i r chloride (12). The molecular complexing along wi th
mobilization of neuronal metnhrane ~ni~d calc ium may play a si gnificant role
in the potent sti li u la nt activi ty .lpharm aco loq i c act i on )  and duration of ac-
tion observed in rats after intr acistern al administration of these druqs.
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METABOLITES-FORMATION OF MOLECULAR COMPLEXES
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ABSTRACT

Cocaine , benzoylecgonine , benzoylnorecgonine , norcocaine , ecgonine methyl
ester but not ecgonine formed distinct molecular complexes with calcium chlo-
ride of the general formula [B. CaCl 2.2H2O]. The particularly strong interac-
tion observed with benzoylecgonine , 6enzoylnorecgonine and calcium may play a
role in the potent stimulant activity of these 2 compounds observed in rats
after intracisternal administration .

INTRODUCT ION

Norcocaine , benzoylecgonlne , benzoylnorecgonlne and ecgonine have been

shown (Misra et al ., l974a) to be the metabo lites of cocaine in rat brain. In

the course of our study on the pharmacological activity of these metabolites

(Misra et al . , l974b; 1975; Nayak et al., 1975) we observed that cocaine and

norcocaine were pharmacologically active both by intravenous and intracisternal

routes of administration; benzoylecgonine and benzoylnorecgonine possessed po-

tent stimulant activity only by intracisternal route; ecgonlne and ecgonlne

methyl ester were inactive by both routes. Furthermore, benzoylecgonlne and

benzoylnorecgonine persisted in selected anatomic areas of the CN5 of the dog,

long after the disappearance of cocaine following a single 5 mg kg’
~ i .v. In-

jection of [3H] cocaine (Misra et al ., unpublished observations). These obser-

vations prompted a study of possible interaction of these cocaine metabolites

with calcium , which Is known to participate in a number of nerve functions at

the membrane level e .g. in excitation of neuronal membranes (Singer and Tasaki ,
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1968), potassium transport (Blum and Hoffman , l972),release of neurotransmitter

substances (Katz, 1966; Heuser and Miledi , 1971) and intracellular mediation of

catecholamine response through the cyclic AMP system (Greengard et al., 1972).

This report describes calcium -binding property of cocaine and some of its

active metabolites and formation of distinct molecular complexes.

MATERIALS AND METHODS

1. Standard samples of compounds

Benzoylecgonine , ecgonine methyl ester were prepared by the method of

Findlay (1954); benzoylnorecgonine and norcocaine by the method of Schmidt and

Werner (1962) and ecgonine by the method of Bel l and Archer (1960).

2. Preparation of molecular complexes

Molecular complexes of cocaine and its metabolites with calcium were pre-

pared by mixing solutions of compounds and calcium chloride in a 1:1 molar ratio

in isopropanol , heating on a water bath for 1 h. at 60_800 , and evaporation to a

small volume in a stream of nitrogen . Under these conditions , complexes of

benzoylecgonine and benzoylnorecgonine precipitated , were centrifuged , washed

repeatedly wi th small volumes of hot isopropanol , dried at 55°C in vacuo and

recrystallized from ethanol-isopropanol mixture. Complexes of cocaine , norco-

caine, ecgonine methyl ester with calcium were obtained by the addition of

ether to the concentrated Isopropanol solutions of their mixture , removing the

precipitate by centrifugation , washing repeatedly with ether and chloroform .

The yields of benzoylecgonine and benzoylnorecgonine complexes were approxi-

mately 45%. Ecgonlne did not form a complex under these conditions. Complexes

gave a positive test with silver nitrate and iodoplatlnate reagent.

3. Elemental analyses of complexes

All microchemical analyses were performed by Childers Laboratory, Inc.,

Mi l ford, New Jersey.
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4. Infrared spectra of complexes

These spectra were run as KBr pellets of complexes (1%) to check any differ-

ences with respect to band intensities or shape.

RESULTS AND DISCUSSION

The colourless molecular complexes of benzoylecgonine and benzoylnorecgo-

nine with calcium chloride had the general formual (B. C~~l2. 2H20) where B

stands for the li gand . Benzoylecgonlne complex, C16H19N04, CaCl~2H2
0 requires

C, 44.00; H, 5.27; Cl , 16.27; Ca , 9.16: Found C, 45.63; H, 5.54; Cl, 15.67;

Ca, 8.86. ThIs complex turned brown at 275-280°C and did not melt up to 300°C.

Benzoylnorecgonine complex, C15 H17N04. CaC12. 2H20 requires C, 42.62;

H, 4 97; Cl , 15.81; Ca, 9.47: Found C, 41.04; H, 5.39; Cl , 16.88; Ca, 10.22.

This complex turned brown at 255°C and gradually melted wi th charring at 275-

* 
295°C. Both complexes were hygroscopic. A distinct change in crystallinity

occurred on formation of these complexes. These complexes dissociated to gene-

rate free ligands on tlc In weakly acidic or alkaline solvent systems. Com-

pl exes were stable in absence of water. Yields of complexes with cocaine,

norcocaine, ecgonine methyl ester were slightly lower compared to benzoylecgo-

nine and benzoylnorecgonine due to their dissociation on recrystallization .

These complexes were also hygroscop ic , and gradually decomposed on heating wi th-

out melting up to 300°C. Under these conditions ecgonlne did not form a

complex . The infrared spectra of complexes of benzoylecgonlne and benzoylnor-

ecgonlne with Ca2~ displayed slight differences in the fingerprint region and

appearance of a new band at 1420 cm~~. Complexes of benzoylecgonlne and ben-

zoyl norecgonine with MgC12 were comparatively much more solubl e both in ethanol

and Isopropanol and difficult to crystallize. Reaction of NgCl2 wi th cocaine

In ethanol gave cocaine hydrochlorid e mp. 190-192°C possibly due to the libera-

tion of hydrochloric acid from MgCl 2 on heating.
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An increase in the concentration of Ca2+ is known to raise markedly the

threshol d of nerve to stimulation , whereas a decrease increases excitability .

Complexation of active metabolites of cocaine with Ca 24 and the poss ib le

mobil ization of neuronal-membrane bound Ca 2
~ from sites that contro l transmem-

brane permeability to Na4 may conceivably play some role in the excitatory ac-

t ions of cocaine and some of its metabolites . Further work in this direction is

in progress in our laboratory .
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ABSTRA CT

Cocaine , its pharmacologically active metabol ites , norcocaine
benzoylnorecgonine, benzoylecgonine and other central nervous
system stimulants e.g. dextrococaine , nicotine , caffeine and
p-hydroxy norephedrine formed molecular complexes with thia-
mine. TP’e possible implications of such an interaction are
discussed .

INTR ODUCTI ON

Thiamine and its phosphorylated esters appear to play an important
ro le in nerve conduction and excitation at the molecular level , quite
independentl y of their coenzymatic activity and have been implicated in
transinembrane ion transport involving permeability changes at the sodium
channel (Von Muralt , 1962; Itokawa and Cooper , 1970). Local anesthetics
reportedly block nerve conduction by disorganizing the membrane around
the sodium channel and blocking the sodium conductance (Seeman , 1972).
Some synthetic local anesthetics including cocaine (Eckert, 1962; Culsinand
etal ., 1969 ; Thyrum et al., 1969), indoles (Biaglow et al ., 1969) and
some neurotransmitters TGiTzigna, 1969) have previously been reported to
form charge-transfer complexes with thiamine . These observations led us
to examine the possible interaction of active metabol i tes of cocaine, —

and some other stimulants , with thiamine.
We present here the UV spectroscopic evidence for the formation of

molecular complexes of cocaine, its active metabolites norcocaine ,
benzoylnorecgonine , benzoylecgonine (Misra , et al., 1974; 1975; 1976a;
Nayak et al., 1976) and other stimulants pse~~ococaine (d-Cocaine) ,nicotine , caffeine and p-hydroxy norephedrine with thiamine and discuss
the implications of such an interaction.

METHODS AND MATERIALS

1. Samples of standard compounds: Benzoylecgonine and ecgonine methyl
ester were prepared by the method of Findlay (1954): benzoylnorecgonine
and norcocalne by the method of Schmidt and Werner (1962); ecgonine

*To whom correspondence should be addressed.
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Fig. 1. The UV-spectra of thiamine hyd rochloride (A), the liqand (B)
and the molecular complexes (C) wit h thiaHne cf (~ ) cocaine (2) norcoca ine
(3) benzoylnorecg onine (5) pseudo cocaine (6) nicotine (7) caffeine
and (8) p-hydroxy norephedr ine . T h E  left ordinate represents a bsorb a nces
of the spectra of the indiv i du a l ~~- : me n t s , th iamine h jd roc b lor ide
(l.86xlO ~~ M o If ]. ) and the li qands cocaine ~vdroch 1oride (3.Ht10 5
Mol/l.), porcocaine lEd ro c h l o ri d e (3.69xlO ~~M~~/l.), beozoylnorecqonine
(3.86xlO ~~ Mol /1. ), benzoylec gonine (3.6i~x 1C~~Mc~ /1. ) ,  p~eudc cocain~’hydroch loride (3.S3xlO 5Mol/1. ),ç nicot ine sulf ate (4.73xl~~ ~-5--1 / l .),
caffeine hydrochlor ide t5. i7 xi O -~ Mau i.), and p-hydroxy norephedrine
hydrochloride (i.~i?slI ) 4 Mol/l .). The right ordinate represent- absorbarices
of the spectra of a ll nc l ec u l ar complexes (C). The conce ntr ations of
individual comcccont ~ in these coi~ple xes were as follows : t~ iam ine
hydrochlor ide (0 . i -8x l3 -~ M c i / i . )  and (1) coca ine hydroct]loride ~1.7 E~x 1O-?Mau i . ) ;  y) norcoca ine bydroc r ior ide ( l .R 4x 10 2 N o T / i . ) ;  (3) benzoylnorecgonine
( l .9 3x1O ~~ 

M~~,’1.)~ (4 )  henzoy iecgonine ) l .84x 10-2 M o l / l . ) ;  (5 )  pseudo
c o c a i n e  hydrochloride ( l . 76x l 0 - 2  Mol / 1. ); (6~ nicotin e sul fate (O.7 1x 10 — 2
Mol /l.) ; (7) thidin ine h~dr o ch ?o r id e  (1 .07x 10- t iol/ l .) and caffeine
hydrochloride (2.70x10-I Mol/l .); (8) thiamine hydrochloride (5.9xl0 3
Mol /l. ) and p-hydrox y norephedrine hydrochloride (l .96x)O-2 Mol/l.).
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by the method of Bell and Archer (1960) and ‘~‘-cocaine (dextrococaine ) by
the ilethod of Find lay (1954); Misra et al ., (1976b) . Nicotine , caffeine
and p-h ydroxy norephedrine were obtained commercially.

2. UV-Spectra of compounds and complexes: All the spectra were measured
in aqueous solutions at ambient temperature 25°C in a Car l—Zeiss PMQ II
spectrophotometer. The same concentration of drugs present in the
complex was used in the reference cuvette in the spectral determinations
of the complexes .

RESULTS AND DISCUSSION

The details on the formation of molecular complexes of these stimulants
and thiamine are given in Fig. 1. Cocaine, norcoca in e , benzoylnorecgonine ,
benzoy lecgonine , and pseudococaine formed distinct molecular complexes
with well-defined absorption bands at wavelength (max. 294 nm) longer
tr,an those of the individual components and their intensities depended
on the concentrations of these components. Hi gher temperatures (37-
50 C) sl i ghtly reduced the absorbance of complexes of cocaine , i t s
derivatives and thiamine . Ecgonine and ecgonine methyl ester , the
pha r-na co iog i c a l l y inactive metabo l ites of cocaine did not form such
complexes. The molecular complex of nicotine and thiamine (max. 293 nm)
fori-ed very s lowly  upon keeping the mixture of aqueous solutions of
these compounds at ambient temperature (25°C) for 48-72 h. Caffeine

• tormed such a complex ( max. 310 nm ) at comparatively much higher concen-
rations of the individual components and the p-hydroxy norephedrine

complex showed absorption maxima at 292 nm. Cocaine and benzoylecgonine
also formed molecular complexes ( max. 290 nm) with thiamine disulfide .

Thiazolium ring in thiamine is known for its moderate electron
acceptor properties and it is concaivable that the stimulants described
above may act as electron-donors towards thiamine in the formation of
molecular complexes. The electron donation from these compounds may
occur either through the nonbonding lone pair of electrons on the nitrogen
atom or through the electron donating groups or through the aromatic pi—
electron system in some of these molecu les. The change in electron
structure of the thiamine acceptor induced by the formation of such
complexes will result in a basic change in its reactivity and may inhibit
the biochemical function of thiamine in nerve structures. The imposition
of such a molecular complex upon a semi-conducting biopolymer matrix of
protein-lipid could be expected to produce localized changes in charge-
density on the surface of the matrix , leading to alterations in the
electrical character of the axonal membrane and resultant stimulatory
response. Previous work on charge-transfer processes involving xeno-
biotics and substrates or functioning biological units has provided
possibilities for the understanding of noncova lent intermolecular inter-
ac tions in biological systems and furnished evidence for the pharmaco-
log ical activity of several drugs (Szent-Gyorgy , 1960; Pullman , 1968;
Doukas , 1975).
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Summa ry

Repea ted daily I.V. injections of cocaine in the monkey
at a minima l convulsant dosage (MCD) produced tolerance
resulting in a marked increase in the MCD of cocaine .
The repea ted daily I.V. Injections of cocaine at subcon—
vulsan t doses (2.0—4.0 mg/kg) produced a marked decrease
in the cardiorespiratory stimulating effect and apparent
plasma half—life of cocaine in the monkey .

Previous studies (1—11) have shown that chronic cocaine administration
d oes not produce tolerance or physiological dependence. Reverse tolerance or
increasing sensi tivity to cocaine with increasing use has been reported (2—14).
Other studies (15—17) have shown the development of tolerance to cocaine in
man . In the rat , tolerance was demonstrated to a water—reinforced task after
chronic injec tions of cocaine in high doses (18). In these reports , however ,
it is difficult to find causal relations between the dose of cocaine and the
magni tude of responses to this drug. There were also no adequate systemic
parame ters to quantify alterations in the dose—related responses following
repea ted administrations of the drug. This communication provides evidence
for the development of tolerance to the convulsant and cardiorespiratory
stimulating effect (19 ,20) of cocaine in the monkey.

Me thods

Sublects. Rhesus monkeys with permanently implanted electrodes in the
brain were used as subjects (Ss) . Bipolar stainless steel electrodes were
implan ted stereotaxically in the subcortical structures , and bipolar silver—
ball elec trodes were placed on the dura in various cortical areas , under
pen tobarbital anesthesia (45 mg/kg, IV). Elec trodes for recording eye move-
ments were imp lanted in the orbital plate. An indifferent electrode was
loca ted in the bone over the frontal sinus . The needle electrodes and a
ches t—movement transducer were attached to the chest of the Ss for recordings
of hear t rate (H.R.) and respiratory rate (R.R.) respectively. For the
injec tion of the drug, a silas tic catheter was chronically inserted in the
femoral or jugular vein under appropriate anesthesia.

Experimen tal procedures. The study was carried out in four main parts ;
these experimental procedures were as follows .
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Par t 1. Study on the alteration in convulsant effect duri~g_shor t— term session

Nine Ss used in this study were restrained in a primate chair and placed
in an observa tion chamber (90 x 88 x 75 cm.) and the polygraphs of EEGs , eye
moveme n t , H.R. and R .R . were rec orded daily (5 to 12 days). Cocaine solution
(5.0 mg/mi as free base in 0.9% saline) was injected once daily at a minimal
convulsan t dosage (MCD) that produced a minimal grade of convulsions lasting
20—30 sec. The MCD was established by injecting cocaine at a constant rate
of 1.0 ml/l0 Sec. through a venous catheter using a remote control technique .
The injection was terminated as the onset of tho convulsive seizures were
manifested by the EEGs , and a t this poin t , the daily MCD was calculated. One
to two days before beginning the drug session , Ss were hab ituated to the chair ,
and the control experiments were conducted. Following the completion of each
experimental session of daily drug adminis trations , the Ss were re turned to
their home cages and no drugs were administered to these animals for a period
of 3 to 4 weeks.

Par t 2. Study on the a l t e r a t i o n  in MCD and behavioral responses during long—
term session

Two Ss used in this study were permanently housed in open—face cubicle
(74 x 71 x 86 cm) ano pi tted with a monkey jacke t (nylon net) connected to a
res training joint—arm which attached to the rear wall of the cubicle in order
to allow ~~1ative free movement to the Ss. Cocaine was injected once daily
at a MCD using the same procedures as described in Part 1. A session consisted
of daily cocaine injections and po lygr aphic recordings for 5 consecutive days
every week ove r a 5 to 6 month period.

Par t 3. Study on the alterations in cardiore spiratory stimulating effect

Six Ss used in this study were restrained in the chair , and the polygraphs
of EEGs , eye movemen t , H .R. and R .R . were recorded daily for 6 to 12 days .
Following the control experiments for 1— 2 days , cocaine was injected once daily
at subconvulsan t dosage (2—4 mg/kg, IV) for 5 to 10 days using the remote
control technique . Me an H .R. and R .R. per m m .  we re determined by 10 randomly
de rived observations from polygrap hic recordings at various times before and
af ter a daily injection of cocaine (5, 10, 30 , 60 m m .  and every 0.5 hour
thereafter up to 5—6 hours after injection) . The Ss were returned to their
home cages and no drugs were administered to these Ss for a period of 3 to 4
weeks .

Par t 4. Stud y on the alteration in 1~~
sma half—life of cocaine

Two Ss used in this study were restrained in the chair and the blood
sample s we re drawn from the Ss at various times after I.V . injection of [3H]
cocaine (4.0 mg/kg as free base) during recording of the polygraphs. [3H]
Cocain e concentration in plasma were determined by the method previously
de scribed (21). Mean half—lives (T½) of [3H] cocaine were de termined following
the [3w] cocaine inject iun on the first and fourth day , respec tively, of the
experimental session . The daily injection on the two intervening days (second
and third day) was the same dose of non—labeled cocaine (4.0 mg/kg) .

Resul ts

1. Al teration in MCD of cocaine in the short—term session

Intr avenous injection of cocaine in doses of 3.1 to 6.0 mg/kg produced
cl onic convulsions with seizures lasting 20 sec. to S m m .  Severity and
d uration of the convulsions varied depending upon the dosage of cocaine . With 

.~~~~~~~ -- - ~ --—~~ -
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repea ted daily injections of cocaine , the convulsant effect markedly decreased.
Typ ical change s in the MCD for cocaine following repeated daily injec t ions are
given in Figure 1. An injec tion of cocaine at a 3.1 mg/kg produced convulsions
that lasted for 30 sec. on the first day but no convulsions on the subsequent
three days (Fig. 1A) . Following three days without a cocaine injection , an
increased dose of 4.7 mg/kg was required to produce the convulsion. The same
dose on the subsequent day did not produce a convulsion .

In another session (Fig. 18) the same dose was given dail y over a two—day
span. An injection of 5.4 mg/kg produced a convulsion on the first day bu t no
convulsion on the next day. A 7.0 mg/k g dose produced a convulsion on the
third day but no convulsion on the fourth day. Following two days without
cocaine , the MCD increased to 8.6 mg/kg on the seventh day but this same dose
produced no convulsion on the eighth day.

Figure 2 is represen tative of the data on the MCD of cocaine following
repea ted daily injec tions. In the first session (Sl) the MCD on the first day
was 5.2 mg/kg and it rapidly increased to 5.6 , 6.0 and 7.0 mg/kg on the second ,
third and fourth day , respec tively . Following two days without a drug injec-
tion , the MCD on the seventh day was 7.6 mg/kg and increased continuously to
12.0 mg/kg by the eleventh day of drug administration. In the second session
(S2) which started 35 days after the first session (no drug administered
during this period) the MCD on the first day was 6.9 mg/kg which increased to
10.7 mg/kg within 8 days .

Figure 3 represen ts the mean MCD of cocaine and the mean percent increase
in the MCD from the first dose for the first five days from eigh t experimental
sessions using six different monkeys. The mean MCD on the first day was 5.3
mg/kg and it increased to 6.4, 7.6, 8.1 and 9.4 mg /kg, respec t ively , on the
second , third, four th and fifth day. The differences in the mean MCD for each
day in compa rison to the first MCD and to each other were statistically sig-
nifican t (see Fig. 3).

2. Alteration in MCD of cocaine, EEGs and animals ’ behavior foll~~j~~
long— term chronic administration

Figure 4 represen ts a typical pa ttern of alteration in daily MCD of
cocaine during a lonc ,.erm chronic administra tion . In the prolonged experi-
men tal session , the elevated MCD was maintained by a daily injection of cocaine
and during this period , the MCD level migrated between a SO and 100% increase
above the initial MCD . When cocaine was withdrawn after 39 days of chronic
administration , the MCD returned to the initial control leve l (4.1 mg/kg) at
41 days af ter the discontinuance of cocaine. Following chronic administration
and subsequen t withdrawal of the drug, the Ss became gentle and inactive and
were persistently depressed in their overall behavior. Upon withdrawal , the
Se exhibited persistent high—amp litude rhythmic slow—waves (5—6 Hz) predomi -
nan tly in the neocortical EEG5 associated with their behavioral depression.

On resump tion of chronic administration of cocaine to the Se , which did
not receive any drug for 40 days (See S2—1 and S2—2 of Fig. 4) the MCD rapidly
increased by 80% above the first dose within a two-week period of daily injec—
tions. Thereafter , the MCD gradually decreased from the peak of 80% leve l to
a level of 25—40% above the control and was maintained at this level for five
weeks . Subsequen tly, the MCD elevation stabilized at a 20—33% Leve l , and the
animals began to have a constant intensity and magnitude of convulsions
lasting 20—25 sec. as manifested in the EEGs ’ and behavioral responses.

The animals displayed post—convulsive hyperexci tation which was also
stabilized simultaneously with the convulsions and usually lasted for 2—2.5
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Typical pattern of chan ges in the minimal convulsant dosage (MCD) of

cocaine following repea ted daily injections in the monkeys. In Graphs A and
8, black bar (+) indica tes the MCD and open bar (— ) the dose which did not
produce convulsions. No drug was given on the fifth , six th and seventh day
in Graph A and on the fifth , Sixth and ninth day in Craph B . Different monkeys
we re used for the data in each of two graphs.

hours. The animals displayed self—mutila tion (biting and chewing of digits of
ex t remit ies , hands , arms and legs) during the post—convul sive hype rexc itatlon .
Excep t during the post—convulsive ex~.ltatory period , the Ss were gen tle ,
inac tive and behaviorally depreescJ most of the time . At this stage of chronic

i
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FIG. 2

13.’

S2

Typical pa ttern of change s in the minimal convulsant dosage (MCD) of
cocaine following repea ted daily injections in the monkeys . 51 (.— .)
represen ts daily MCD for the first ii days out of 30 days ’ session (firs t
session) and S2 ( 0 — 0  ) the daily MCD for the first 8 days of the second
session which started 35 days after the end of the first session (Si). No
drug was given on the fifth and sixth day in S1 and on the sixth and seventh
day of the second session (S2).

treatment , the Se shoved hypersensitive excitatory response to the subcon—
vulsant low dose , sugges ting an increase in sensitivity to the excitatory
effec t of cocaine . These results indicated that chronic treatment with daily 
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FIG. 3
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The mean minimal convulsant dosage (MCD ) of cocaine and the mean percent
increases of the MCD above the first MCD for the first 5 days of 8 experimental

- 
. 

sessions using 6 differen t monkeys. Each session consisted of daily injections
of cocaine (once daily) for S to 10 days . The left ordinate represents I.V .
dosage of cocaine and the ri gh t ordinate percent increases of the MCD . The
abscissa represen ts days of the experimental sessions. Each value represents
the mean ± S.E.M . (vertical lines). The mean MCD for the second to fifth day
d i f f e r  significan tly from the first MCD (P~0.0l) and from each other (P<0.05)
using Student ’s I— test .
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MCD of cocaine produced a cons tant intensity of convulsions and post-convulsive
exci tatory response , and upon the withdrawal , the Ss showed chronic alterations
in the LEGs ’ and behavioral responses.

These results indicated that the repeated daily administration of cocaine
in the monkeys resulted in tolerance to the convulsant effect of cocaine and
this tolerance was maintained by a long—term chronic administration of this
drug. Following wi thdrawal of the drug, the animals showe d chronic alterations
in the EEG5 and their behavioral responses.

3. Al terations in cardiorespiratory stimulating effects

An in travenous injection of cocaine at a sub convulsant dose (2-4 mg/kg)
as well as a convulsant dose produced marked increases in heart rate (H.R.)
and respira tory rate (R.R.). However , these effects were reduced by repeated
daily injec tions of cocaine (Fig. 5). In the control experiments (no drug
injec tions) the mean H .R./min. ranged from 121 ± 3.5 (S.E .H.) to 181 ± 4.0,
and the mean R.R ./min. ranged from 21.7 ± 0.60 (S.E .M .) to 30.3 ± 0.60, in six
differen t Ss.

An injec tion of cocaine at 4.0 mg/kg,  I.V . (a sub convulsant dose) produced
an average of 46.1 and 24.0% increases above the pre—drug control in H.R . at
10 sin, and 30 m m . , respec t ively , af ter the injec t ion on the f i r s t day
(Fig. 5A). Howeve r , the same dose on the second day produced an average of
only 23.3 and 10.9% increas es in H .R. at 10 m m .  and 30 m m .  after injection.
An average of 18.4 and 10.5% increases at 10 m m .  and 30 m m . , respec t ively ,
were observed on the third day.

Simultaneously, the R .R. (Fig. 58) increased an average of 65.3 and 46.4%
above the pre—dru g control at 10 m m .  and 30 mm ., respec t ive ly af ter injection
on the first day. However , the average increase of R .R. was 40.0 and 24.1% at
10 m m .  and 30 mm ., res pectively, on the second day , and 28.2 and 17 .8% on the
third day. The differences in the mean percent increases in H .R. and R .R.
observed on the second and third day as compared to those on the first day
were stat is t ically significan t (P<0.0l). In the control experiments , injec-
tions of saline (1—2 ml/kg) produced no al teration in H.R. and R.R. under the
same experim ental conditions.

These res ults indicated that the repeated daily injec tions of cocaine at
the same doses produced a significant reduction in the effect of this drug in
producing increases in the heart and r~spirato ry rates.

4. Alter a tion ~Lpiasma half—life of [3H) cocaine

The repea ted daily injections of cocaine (4.0 mg/k g, I.V .) also reduced
the apparent T½ of cocaine in the p lasma of two monkeys . The mean p lasma T½
of [3HJ cocaine on the first day was 93 mm ., and decreased to 68 m m .  on the
four th day after two daily injections of the same dose of non—labeled cocaine.
The statistical significance of this difference in T½ values , however , was no t
evalua ted.

Discussion

Previous studies (1—11) on the chronic administration of cocaine in
experimen tal animals have demonstrated no tolerance to the excitatory effects
of cocaine and no abs ti~ence syndrome on abru pt withdrawal (9,11). A pro—
nounced increase occ urred in nevertty of behavioral and toxic effects of
cocaine on repea ted daily admi nistration (2—4 ,7,12 ,14). In mos t of these
studies , howeve r , the drug was administered in subconvulsant doses either 

~~~~~~~~~~~~~~~
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FIG. 4
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Typical patte rn of chan ges in the daily minimal convulsan t dosage (MCD) of
cocaine during chronic injections in the monkey . In the upper graph , Sl
represen ts thern daily MCD for the first session (39 days) and S2—l represents
the MCD for the second session which started after 41 days without drug injec-
tion following the first session (Sl). S2—2 in the lowe r graph is a continu-
ation of the S2—l (shown by black arrows). The ordinate represents I.V . dosage
of cocaine , and the abscissa the days of the experimental session . Black dots
indicate the daily MCD and the connecting lines between dots indicate that the
daily injections were given on the consecutive days. Usually, a daily injec-
tion was given for 4 to 5 consecutive days per week (no drug was given for 2
days over the weekend). The horizontal broken lines in the graph indicate the
control MCD level (the first MCD) .
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the mean ± S.E.M. (vertical lines). *Values differ significantly from appro-
priate value s observe d on the first day (P O.Ol). The differences in values
observed on the third , fourth and fifth day as compared to those on the second
day we re not statistical ly significant.
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orally, mntraperitoneally or intramuscularly and the effect of the drug
evaluated by gross visual observations of the responses of the animals .

Because of the very rapid metabolism of cocaine (22) its effect varied
considerably wi th the route of its administration. In our study, the drug was
given intravenously at high doses and high ra te of infusion (5 mg/ml/lO sec.)
and the MCD was determined daily in order to evaluate the effects of drug on
EEGs ’ and behavioral responses. The injection rate was a critical factor in
prod ucing convulsions during or immediately after intravenous injections . In
order to de termine the MCD of cocaine , the constant I.V . injection rate proved
adequate for producing convulsions during the injection . The measurement of
MCD and the elec t rophysiological parame ters on the hear t and respira tory ra tes
enabled us to precisely quantitate the development of tolerance to the convul—
sant and cardmorespiratory stimulant responses in the monkeys .

Our study demons t ra ted the development of tolerance to the convulsant and
cardiorespiratory stimulating effects of cocaine in the monkey. The develop-
ment of tolerance to the convulsant effect was indicated by a decrease in the
effec t of this drug in producing convulsions following repeated daily injec-
tions at the same dose and a progressive increase in daily MCD of cocaine
following chronic adminis tration. A marked reduction in the stimulating
effec ts of cocaine on the heart and respiratory rates following repeated daily
injec tions of cocaine at the same dose provided evidence for the development
of tolerance to these effects. The recovery from tolerance to the convulsant
effec ts of cocaine required a considerably long time .

The mechanism of increasing sensi tivity to the excitatory effect of
cocaine is still controversial. It is conceivable that the neuronal mechanism
of convulsions by cocaine may differ from those for other excitatory effects.
The cen tral mechanisms underlying the development of tolerance to the convul-
san t and cardiorespiratory stimulant effects of cocaine also remain to be
explored.
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S
c i  t i i  c~ I i  I , of iu ie l in ~ 1 ester i i t tm Ii utiii 1 l Ic r s m ’ S t  I i~~ 1 1 1 1 1  l b  I \ i, t i , r c~ of t I ndiu

1 to t , u n u i s .. 0th r ci t i t s  on u r n  I i i  of ‘li tlsnt ) c 0 c p u  u s  cc I i !  t ’ tu i  ‘S (if (~~ i i i i

c~t nc it ion o cm ii  I ‘ii b i~ 1 luun d~ m d  In u l i t  Ii it (P S inch () S t I I c r  nd I i s ’ I It s 1 lined
i t ~ aI  ~u ic ’ S xp c i f u 5.aty  ci~ C i t  s t uc m pro L d mlu ” 22 t his m IR n Int l cm l i i i  t rv ct y I I l l s  i~~~ I L  c u t

u n  w i n  ccf t h u u n  I m~ t m  I l i i i  r u ’ ’ I m u m  t i f  tIn I, \t  I I i i  in i’i t hik ss I c
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c i \ i  m i t  I\ (
((~e l u n i a i r  I l l  ( , silica gel ~t i ~~-t ~), and c u n u m l i n u g  in .1 .5 lit p s i . t  i l i J C L i i i i i l .
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TIME IN HOURS
FI GURI!  I. DiStributiLd n (if [~~I I i  c o c tu in r e  iii t issues and b i t c f l u i d s  of tuttle SV isiar r ats  t it ter  a ciu m ~ k- 8
mg/ kg in t r a V t ’flOul tt in ject ion (n 3).

l)istrihiu tioii of ~i l j  Cocaine in Tissues and b m ain , :rrr d most tissues , wi th  tire exct’ptic’nn of
Rio f ltikis of Acutely and Chronically Treated Rats h I c 1 t i  t and fat , wh ere peak level s occit : CLI at fl~S
After  Sinh cnitane ous t r ij eCtiOn ar id 2 Ii r respectively . ?‘ le t  :iboi ism mf e cai  i -c by

i ’h ic nmcib i h iz , at ioc i  of cocaine from t h e  inj e ct icm n liver r e stnl t l d  in mu ch lower lev e l s  in th is tissue.
site after a 20 ring/kg sunbcutanccous inj e c tioi m in l Ice ~ius t tr icicd peak pi: srn r h cv:l ~ be t w e e n I to 4
acut e ly ant i e-hr onnic: il l y t rca t ~d nin u ls’ W i st nr r  r a t s  h ur , v.- In i c lu  were lower t luan i  t !una ~e i i i  m t l r e i  t iC ’ SIrs’’S,

(Figure 3) was rap ir l , in sp ite of ti n e fact tha t  lo c al  
-

— i ep r c~-:c~ted a st at e of rc ia t  rs c q u i h i h n r i t n t n i  be tw e en
iSU COIc s i t  i c t i ou t  effect  of cocaine could l i rn it its absorpt io n u from tine sub c- i t t  u l e d d u s  Si IC arid tic I u xi-

ahss.~p t io n .  No sictnifL c~unu t d i f f e m ne-es “vei ~’ ob— ca t ion  mec- luan i s r mn s ,  An abrupt  fa i l j u n lc.~ Is of

‘Se r v ci t in rel ive mI nt - Cs cif d isappe a ranic-e of Cocaine cO-Cailn e (iCc i u u  red from hu la S i t iC  nl it n illS t t i  S - t i C

In c-n t h e s tnb c u tu u ie ou s  s ite  in the tsvo grourps 22 4 r~n irl 6 lmr , res ultiuig in very low lev els in b ra i n ,
No sigr n i f iean ut  I cii ;: i ei n ’ccs were observed in t e s t e s . ntn c l p lasma at 12 hr and t h e  ail s-: mmcc  of drug

‘ ! - .- 1m .h 1r c ~t c ;  b i n di ng of cocaine (nn e an vtut r w , at  24 hr.  ‘l ice f a i r ly  rap i d dce: p p : - n r c n : s - s- of co ci im i:
33 .4 to 3$ .6~-;) in i t r t m  at ambie n t t e u n p a r t u t t m t -e fron n nat  b ra in  ar id p lasma is s i n c i la r  to i b i d
(~~:c t ’ ) in ccmnu t r i t l , acute l y, and clunioi i c a l !y  t n s : m t s -cl (i b seu - vec l ear l ier  by in svith i I i c l :c i t e .2 4  a

a t m  c ; m l t -  pr i ’ .:~- si rc re , 2 ’1 I c r  sij v. ’ of ( i i - ’ n e or p h c i i c c  co nnccn-:- r an d s t i c n i u l c u i t  wi th l u i t l e  or n~)
:l . I ’ I \ - ,- h y snoal i t : , t c  of pI: s :r :u-p:tc t s’ b u i d : t i ~ l c d - - c lu e - c  d I l l  p!iys?C. ’i dtep:c .l~- m ~5: hi- i tm c itu c . In

I ’cmtI r -, acrd! i t s e h i : I t i ’ c : I I i o u I  p r i i n t r i i y by Iclo — contr :ce t . t i ne op ioid di ’pt - 5’ss:~nt  d u i t t~ ’ ~ ~‘ 

~~~

-
- - - ‘t ’ t- :n, ‘ I ’ i .  i t ’~ l u í  I ig- ’p - i i l ! C  C I t - - i c c  C (~~ ( s .c. .  n i . uc:p lii n c a nt - I ccc l- - :!. i n :1 s I t u  h - h - t i

I t : , . , 
- 

I I ‘ ‘ i l ’ ’: i r u ’ n n :  l e t  - a - . - - i- d ; .  
‘ ‘ i t  -e ‘ a ’ c ’~ i i

u n 5  I t e ~~, I( - t : .  - , 
I !  i i t S t h i t m u n  t h e  i t , t c -  ( I i . (~~“ .‘~ I l l  S O n _ I l  S’ t i  t u t O t  ‘S i r  I~ 

— t ige d
a t - n i i t e i n  h i nd i n ~ . 1- ,’u iod s, C V C I I  a l t  t a - -J - - s i m l . : n r i a i : e t i m rS i u l j e e t i s mr
lisle on tine c i r n p a r c t i v e  chi ~t u i b u t i , m n m  ot i i ~ Peak levele oI hue iii i’uarn a m i d  p l c. n ma ot

Cl - . n t u ie  in acn nt ia lv  mud ch r ss iu ic:i t! y trea t ed r a t s  , i n i c i : n i l s  I u n - h os- e urm- :1 hetsc-cs’ni I to 2 hr
h~tlowi rng a 20 ring/kg s u u h c i r t : i i c ’ i c i c i i 1 c -~ i tcn  i - i - - ’  a c _ I _ i r m ; c c I i u t ’ c  ( i r - : ‘ 4), and it sh ift inn cocaine
il’- e iu in 1-i gnie 4 . In acute anim al s , a ch i : i c a c t - ’ - ‘ - l -esci. , t ro n t u  ‘. i n  2 r In I nr a i cu ar id  4 to I I c . in

- -r n of grtcd cnal l i ne re m ’- : i i i  d i e - a u r a  cone - - , : -- p la scni z i occurred t in  c-Itmaical(y tn’ t t e ’d u u t ’ S ,  I low—
t i u m i t  to a ps’s!. at -I him ss - ;ms o l i : , : r v . .’ sl for pla.uua , ever , mc cc si g n u i f i c a n t  ( i m t h c i s - u CL -S sc ere ob - s-:tved in 
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TtM E INTERVALS (hI
It t ( ;URE 3. Corupant i t ive  rj ie-s of dis :np i ie ar:u inee of [ ‘il l

DATA RrPRESLNT M E A N  VALU SS FROM 2 AMI MA I S,  cocaine f r on ru  subeu t aneo tni sirs- in acu t e l y  ar id  e- liron it ’atl y
EX (ERIMENT T E ( 1 M u N A T E D A F T E R  3 5  h tr eated rats after 20 tog/kg sucbcutma n eo i n~ inj ecut on (u 5

- in cacti l’ninip). For chronic ex pet i u e u ents , tine animals were
1- I G U R I ! 2. i t i t i t i ry  exc retion of I~ 1I I cocaine and tot al given s.c. i l u j s e t u - t l  (‘1 20 r ing/kg dose (if no ar z cdi o - cci i ’.s ’
r lu dioiCtiV ity afccr a 5 ,n-/i’g ini ,avt ’nicu .c nijeetion in m ale cocaine t i n iest dtttm y hc 3 ct s tc k n , lin en with 2:lZn dose of
Wi--c a nib, iahc-le d Cocaine twk e d~ii ly  for 2 ( l t iy t  t,efort’ 11w t e r t r c i u n a l

icu j ec t io n  of S-m a e  dose of Libe led cocainint .

~~~~ D R A I N  (Acurr l
- - Q--O D R A I N  ( C H R O N I c )

i4—X FAT  (A COTFI
~~~~~~ FAT ( C H R O N I C )  
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‘IIMt ( I t O I J ilS) T I M E  tC, C [K s )

i[Ct J t d t - 4. (‘r : cm 1’ j r a t i ve i t i c t r i t ’ c i t i i , i i c , f  r i ’i  ~o~~ neunn (i’,y i ~ .s :oiJ I i i i ; I t u n i d i  i ’f  ,ieu re !y c i c u d
c l m r u c i k a l ty  t r c m t o t  rats a t i e r  20 rceg/I: ~ Si t i5 I i t ~L : l - i 5 t t s  ij s - - c i - n  (nr = 5 iii  s- , c - t i  ~: m s i ~ u).  Ot! us -r
dctai!s on chronic t r c . i t , I l , - r r t  as ~- i v - n i  i n fooinote r f  I - c ~- i c r e  1
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P~’tI k leve ls  ol ~(l , m u ; c  ‘ i l l  l u . i i i t  u i i d I I I u . c n i , t  I i i  tV ~’() cocart ic  t n  br~it n t  t n I ’ i : ~ui re  I an d a I ) p r o x i unna t s -tv 

I ~ ~

!i i l l : r i i ’ ;  (‘ u e, i u i s - v.as t o i l  d c t cac t z t t u l e  in p 1 u - c n c . c of i O . ci t  t h ose exp ress ed ni s c i l C I l i n i u C  i l l  br a i in  i i i  ~ . ~ 
-

c I u m o u i t
~

’alIv t i n ’ ; u t c ’d r . c u s  2-I  h u m  p1~~i - i c n ,I C 5 t m u u : r  and I:iguie 1, It i ch r on ic cx pe r i n i ne c u t s , l Ic e conte n t  c f  ~ ~ ~ I
b are ly (t etec’t ah l lC  in h i e , u r t  an d t :s (Cs ~d 4 1’t t i uud 96 no rc iieaine 2 ~ m u  b r a i n  of ra ts  ic uje 5-te d w i t h  a 20 ~
Ii u , (‘ot npi u t  nt i s- ely h igh levels of cci ~ in -c were  rin g/ k g s.c , dose of I ~ I I ] co cecc u e was app u ox i n n t a t e -  ~ 

- 
i !

s :5j i r s ’. t c n c -d it t  f a t  of d h i u - i c u e i h I y lnej t ” sl rat s , a tud  ly 2~ ~ of ~ t h at expressed as co5- , i i n l c  (Fi gure 3). Rat  : : ~ ~
t l u e

~
s’ dechi tied gc~i u tu ih I y over tt 1m, ’n i c id  of 4 wc5’k s l i s e n  t l i i s ’r osi innal crw ytn i c s  j u n s u m  h~n’e been ~ , ~ I

to 0. IS pg/g, Al though t h u c  r el: i t is - s’ly P~~” li l i , s c d rs’j~ cnted 3° ~ ~ 1(u C O i t V i C I t  coca in e  Is) t iOte ’( IC , l i cIe I ~
supp ly to fat  rlcpo t s stu’~ s t h e  I r ac usf er  of cc 5 , c u r t e  a r id  h e ;c ,oylec g onunn e .  ‘l Ice h -a l l - l i fe  of h er n ,~oy lec- ~ I
f r onnn blood to I~at , e’u u i t c r ~;hi cs m e : i i um e’ n t  f t c ia l l y ~t~,cuu i n e  ar id cego ni nnia i ’ m r at  b ra in  fohl o~vir ig  a J O ~ ~Ir acusfe rc e st  i t t  2 h r  i i  h i  irc ~ t hi ~ f i t  1 it i ) t \  i n h i m i th i  i i n g, ’h g i t l t i n v e i i ( n n s  i nj ecti on of Ilcese corn up ou cid s I
fr oup ’~ to t he ir  ,‘s t -nu ch r i u tn  ( ‘ I l i n s C i n I r  , u t c i u n .  i hi c ~s c-s I 3 : icm &h 7 , t’~ f i r  r es p ec t i v e l y ;  t h at i i i  p l asnu n a svas ~
i i a h f — h n l e o f c i i c i t u u e  j im fat i i i  a cu te l y and - I in -u i i ~~c It y () .~ L anud  3, 8 hr  r e sp e c t i v e i s  _i , 13  Th is m n c ay in n p ly a
t reated r a t s  was I 8 to 2 ,0 I c r .  The sequ e str : i t ion of 5Is 55 s~’ :i,’.iu , cc u ce of thisisc polar m eta b oh ites fr i tnn c
cocain us’ in scthst-anc id amoutu Is iii l i t  I c~~c is of rat  hi airt - Our SI tn d ic ’s 3 2 on lIne pha rnuaco log ica l
chrouui cahi y treated rat s , in coun t  r , m . t  to t ine  j cut c , a c t i v i t y  of th ese ni et abol i tes  af ter  i tu t t avenous and
provided a slow and prohocugec! nck,c-,c ~tcnd nr u.iy in t r acis t emnmal injection in t h e rat showed that
account for its pcr s st ~’c c - -c itt i ’ sac ~’ a! sm all m in i  cc i- i n c i c , I nk e cocaine , possessed po tet it s t i t n u —
amounts  in this group. Time’ equil ibr m u m  (if cocaine I a n t  act is-ity b y both m outes of adm m ist ta  t i o n
in oth er tissues of t ine acute an imals  occurred only ~vlnile hccuioykcgotiine and ben~ oy lm tor e cg ccnu ine
after time attaicnn nent of e q cu i l ihmiu n u itt li - cart ntr d were ac t ive  only by tIme in tr~uci s terin a I route , arid
fat , Time p hi a mi n r a c okinet ics  of cocain e a f t e u  sut , -  ccgonine acid ecg ocu irc e n ie th i y t ester were inac t ive  -

cu i t ~mneoc t s in nj e c t ic u n in tire rat  is conip hi c a t nad by by botic routes of a d m i n i s t r a l i o n u . R en t ioy lr no re c -  - 
-

t ine pmo lorn ged cour se of it s nth sorpt io n from tim - c  gu ru inc w a  itp p cux inn at e l y  t en I imn e s more pote n t
ç sin bc tr t acncon ns site and the rs’d ist rib n i t jolt pln etu icc- i t t )  r ac is le r i m : tily as coin pa red t o he ni toy tnregi i u n cue i i i

emi t occur tu g d cii tin e t i um s p lc 1St I li t m p p u o ~~u cnc i t e  the i i t  I I

: l u atf- l i fe  of cocaine iii br a in rind i ml ; s nn n r of :tcu t e
acn inn ials w:it ; 0,8 aid I icr respect is~’i y, rind It i l i t in Ur inary  ri t r d heal E~ cretioii  of Cocaine and its Mc— - 

‘ ‘

brai n , plasma , and I u ss l u es  of ch ro n ically tc e a ted  tab o l itc s in Acute ly  nttid Chronicall y Treated Rats
n . c t s  was I 8, to 2,0 hr me spect rveh y. (‘ccnmp ,irati~-e data on time u m i i c a r v  amid fccal

l ine b ra in  to p !as niua r :r t i o s of ens-ai d e it i i’\ e - u s ’ t i c i c i  (if cocai n e an d total  r a d i i c : u e - t i v l t v  icr the I
ch ronicall y treated rats after 20 mg /kg subeirtanie - two g i o i u p s  are given in Figtrc 5. C ocaine was 

- !
ous i t njec t i o mu were inn g~’c ier ah h u n ; r l n e r  lu au those icr m c ue t : ch o hc i e d  v c u v  nap idiy in n t I m e  m i t  ar id onl y 1 to ~
t iu c’ acute animals , wi th  the cxcep t i c n n  at  I him wh en 

— 
I . 5~ - of t ic - c  doss’ was e x c r e t e d  uc i chi an g e d in t i re  c ~ -

peak levels of ctce tu i un:  occurred i i i  p l asma icc h u e rat uni n c amid feces, wit h mnnaxicinuun excretion
Juronic group. The data  indica ted  a m  a l tered occur min g w i t i i i r c  24 hr in tIre two gro u ps . The 1 I
ci st rub ut ion of coca iru e it i 11cc c l mr o r r ic  gro up .  excret ion of met abol it  es coOt icnued I~ r several u ‘~~

Time ris e and fall of c, m e: i i u c- ,’ levels jim rut bra i n  days as reflected by t h e  sa h tn cs  of tota l  radio- ‘ - -

coinc ided r ci ug lni y w i t h  t h e  chang e of iev el s inn a c t i v i t y  wh ich were s i u c n i h : u r  in t ine acute (4~) .31 ~f :

p ie tmcca acid suggested that  (a) cocair ~-c was proh ab - lime d ims e)  and lice chroni c - gronrp ( ~ I m u ’ - I - Si gin ifi -
i s pu - es cn t t  i i i  m i r e  ( N S  in lice i : i t s ’ms t i t i c I  c o n l n t i : i r t _  cant  differen ces . imowever , s’,-eix ’ obs rve -d in t ine  

~~
‘ : 

- n - (hi Its :.: nu u ’t r n  l it-n j i c t o  ~~ s’ - sI t  ( ru t  i t  t I c e  t s c  groups re l a t i v e  I i i  t in e c’\ c u ctni n ( i t  1 111) 1 - n - 
-

II i nn Ice (\S i ci.t tic t a u nt ) rapid . c l  i- _ I  c m~v 
_ h - _ :ec i vu ’v t i c  c , e s . t~~ c~ s i b : :  -s i~ ’ n h , — J~~ ’~~’ —

s t ’ c u j f t c a n t  i c n i r : m c e i i n i l u i  or c~ t t a cc Ii t r :n u h i cn d i i cg  in ~: i u u c p  being cu ’nsc-c~- cc tls I: i : }-c r t _ 5 ( i  i i i i  t i e
Ia ’ ( \S i n n u r s t  lie t i c c l y re’ve r l s hf e , ( l i l ’ - C ) ch ai r those in t i re  i5’ t u t c  g roup (~~2 I;;). — - .

(‘im nn inl : t t i v e  tota l m a dj o a c t i s i t s  c c tmrit rst and fees’s ci - c~~~~;
Ms’IahoIit~s of (‘oc t u i ne  in Rat  hI r am thu - c  c l u m i m n n i c  group was s i - t n i f i c t n n m l v  hig her (~ 47 ,~ ~- -

Nor co - u i n n e , b cm n zoy le cg om ti cme , h cmn t ci y ?n n r ee ’  of t h e  dose) m s c t i n c i p a n e d  i i  t I c e  u c i i t c  (7 1.4  1.
cai n l i c l e , ac i d c c ’g ( unu rcc were shm nw ui 2’1 to tic’ t ine  - ‘

- 
- iu :- ,- i: iliohtt, ’5 ofcocs ictc iii  l i r c , i t n s o i h m i t h  c c u t e h v  cmi i U i i m r : t r y  Metabolices of Cocaine in Ac mmtely amid - -

c’ l m m s i u n i e a i l y t r ea te d  r~t ts. Nc ic c i ,c - t h n u e  rc pt c’scn tc ’d (‘itronk-aily Treated Rats
11n m\muii It ci ~ l~ icf t i n e  s i lu es s t i e s i dt  is ( o lu cc in ‘rnil t h t u i l u s c c  L I : n c i u i t  t i  P in
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I I c ; u t u t  5- (‘o r n i p i r , I n i s e  m n r i i u i r y  ~l i t  k i t  ess  i — n - - cr ot R e  c i I s , i u m c c  r in d m c m l  at I.
vas t jom c ,-t jS i t >  ic n .’eu he ty  and c ) u rou i i s ,tII y nr c - c u e d t i n s  a i m s - n 2c r in n - ~t l’ s c .  injec i i i i f l  i i i  (if c-
(i f l 1  e . i i n n , ’ (u i  5 in s- m u t t  1-r i u i p ) .  ( I - r o n ~s: ,s ,t , . P . K . ,  ~h i s r , i , A. L.,aci ,i M11W , its ti
S~J ,, ). 1’1:imiin u ,: o~ 1 c,i . I / h  s . 196, ~ 5 ( ,  197 1,. \S it tn - imi nsa -ci .) (Oc, ’ -

groin 1

‘ anuc h
(i l l  p i r o hur cl n o in- I of n t Is  i c u ; c c t c J  suib- F s n i i 1 i ’ , p r esu i m i ab ly  iii the (s , 7 iuoSjt jOir tu f t i me

cin ch n cslv w i ) i u  a 1) i I : I ~~ k II ins- : i f  
u II! c ic: i!i ’ fl~ 

m i o l cd n : : - ’ I i ’ )  Si - l u ic~ cl: - -‘ ;l :n’ s i c  p . ~~~~ l\ iu i - -

:5 i e m i  st~~i st ei~ -e k - c m ! i e 1i:u ’s-ec,cc ’ c m i  !t -  i u / , i ) t ’ C .  i- ~~m n i s  ic c is t ’ t I n e i ; ) i I i s ! \ e : C  ( ii cc iC , ml tnc  c i i  cu es ’ - 
n a i l .’

t i l e ’ , henn i oy hi n i i c c n m r i i u m e ~ I~’c’gs ’mnii’- ’. and ecc uc — cc c: m in - ’ (ci ;‘iI!. ui iu c’;n!o~ lCC1~I iiui it ’ (i~ iu e i m i t my i t u o r c c —  In c i t - I  c

m i c ’  u: ic ’ t b u v l  ester as t n r i n : i r V  m n c t a h o h i t c s  iut  ad~ go rl i r ne .  In ( iU r s Iushy .~ e s u s l e ’ci cc’ t om gic i c - n r s uc :J-e sj nl ’. c i .
— 

ci’ i l - in l i i  tiOruit’l ii~uohitc cl cIccaicae . N oreo crun e anti ecsfl 1\lcI,at~on> of the se med :mbt4itc’ s ss as not o’tatriu r lect . )-l , i 51

cr c -n e!’ I l inC were trot  detected as ur m t r a ry  nu i c ’ t ; tbn i— TIr ’ p :m t t i ’r r m of u r i r u c i u y  m e t a h i r t i t e s  imn acu t e ly  arid c l r r c i n c i c
- - h i l t ’ - ‘I I ’ i n t : I i j v c ’ c ’ Sus le ’ u m - e was also (i blairnecl  for ch uro n ui cal l y treat ed rats was c i n : m h i t a t i v c l y similar , respect;-.

- i - b r 5 - n iet  , chic i l  Ic (p -a r ornl t t  ic Ity droxy lat ion ) Wi Ii i  Scii u n esviia t l i ig l u s ’t CXCitI t t c un l  of he ir  /cd ) -  mac go ’ The
z m c t d  k n u g  i r y d i c - ’ _ y h _ i t c c l  t r i e t a h o h i t s ’s ( l r y droxy  r n i c n c ’ an t I  cc gi u cumm e m e i l ty l es ter  in Li me c h u i o r i i c  f;rI sscr ~’

liver , 1.-i

751 (‘, ,ii,ip Chemical , Biological , Clinica l , Sori,n! -.- ms-/ Trea tm ent A cpec ’t.r

- - - - - . -~~~~~~~~~~w~~~~~~~~~~~~ - - 
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gr ciurp as c on i m p:uic ’ci t o ( ire a cu t ie , ‘hue  I- i - \ s u c  r umn d c h i m c i u i i c  r i s  c’o :n l t c , u n c ’ci I t t  t h e  c _ _ c u t e  st u d y. N c c  ~ - ~ 
- ‘ 

4h iy 1i ci thc ’lic~iI i d e ’ i . L t ~~~ 1 ! i e  1i~t t h i \ V I t ) t~ c s f c s c t  d i m e t n t  t t m - .’ c h n , u m u m n ’ ’, ic i  ~I ; ’  L-~c It , u I  Io l : i l  r : n 5 f i - : i c t c s r t y  l i s t i u i n s ’ i  ~ : ~~ n~It ,ime ornliunr ’dt in h i ~ c u u ~ (m . ium i n n c r s c ’l i ’ m t h e  (ss o g u c i l i p s  at  c.’1t r h i c ’i t u n ic s  . .  ~ ~ ; I

~ 
Data oct t u e  ( his t r  i i iu lk nc i  (if co c r l in ue i n n sc- i ~ c i c ci 1

~ 
l) lSPOSl I ’ION i\ N ’ I )  i~ I - . t~\ 1I t 1  1S ’st i n I m u t i n i h i c ’ n c r - c  ( i t  l i r e CNS of l ice  r i c-i r t e l y ac i d  ~ I ~

I 01” (‘U(’\ l~\ i~ IN ‘i ’ h I h  I 0 ;  c i c r c s n u i c r m i l v  ( r e i l e d  dogs ~ r~p pc:i r t I m I c g u i i ~ - -~~ . ~ ‘ ,
‘ 

~~~~~~

; - 
~ ‘t I l t  l ine excep t ion of ce r ehro s 1ci r n: i i  fluid , ( hue ~ ~ ~‘ .~

1)kt t ih i i tion of C’ocairr t ’ in Acu tel~ ‘ ‘  , i cr d l Chnmui m i c al l y Ic ’sc t s  ( if  t ’ie c cocaine ii i  sc ’c c . ’r ,ci s , c rc  Ii uri c em im i t i r e  ~ I ~
Treat ed [)j~~~3 5 chu r s un u j c  g r diu u p iii all a re,ns (if t I c ‘ ( N S  as c o ru c  h t m l  i s’c h ~ I 1 ,

hi - e ,ng !c cic s~’a (if ’ c i t l u e r  s-c:-, (Ci t ( i  10 k g) ss~’c e to t u e  r i c i c te .  (‘oc-a i m u e  di sh cr511 1 i - m 5 n t  i i i  ( hue  (‘NS of ~ b ~ ~
gi~’erd i c mt rm n ve u tc i l iS  in j ect ion of S nn g/k g (free bri se) clog in t ime two groups , a cid by I .~ to 24 him ~ ~ ~ ,

close o I 1 ~ Fl 1 ~~~ i n -c . Tb is dose prod treed m in II d p ist ‘t mm jest I t oil , co inu ph etc d i sm n p p cr n ra mice i i i  cc _ s_ _ i inc 4 ~~‘ -

c x c j t m i i i c n n . r est lessn ess , an nxi oc t s  h iehav ior , ma p i~l occurred from all areas of the (N S  in b u i l t  groups , 7
respirmiti (irs , soinne use t if  body tern iper:rtrtre , muscle l’he ltntl f-Ii ves of cocmi inme in selected area -s (if the  -

tietriu rs for a tew m i r m m u t e s , sal ivat ion arid pup i t i a ry  (‘NS of time m e t t l e  clogs weic in c hi c  ra n ge 1, 5 to 1,6 : -

di ha ta t  loin , but iro convu lsions , An m i t  mavem n o ti s  l m r , r ind in t Ime c hrm o n n ic group, I - 2 to I .5 hr - i her e
d~ sc of 10 m ni ~~k g imm oct uced very Su’VsI i e con- was tno change inn t i re  ha l f - l i fe  ~if cocai m me in t in e  -
vu lsiom i s acud l t y ~ ci c’ ’Sc u ta t i on r .  For thn e  e l i ro n t i c  cer eh irosp in -.nl f lu id am i d the spinal cord , ‘Ihe l ack of - 

-
s tudy .  beag le dogs were r td t i mini s te i  ed a 5 mr n g !L g persistence of c oca inne i n the (‘NS acn c l pla sri na of 

-;

dose of no n i r m c c t j om tc l i ve  cocaine su ih c ’u t t a uneo t i s i y  mi te  dog u n  t svcm groups is si m ilar to that  observed c -

twice dail y for 6 we, ’ks , foliosved bs tIme radio- for t i re  ott , 2 2 T h e  rise am id frilI of cocaine levels im r -

t t t i- t duct . (~ 
n ic  L .,) h ) t n i t r a s i m n o u s  m r i i s c t t o n  t in e CNS (if (itt. do ci c t I t .d ron hib ~s nIh

( t in c ij n mr ma l ive d:c da u rn t h e  list m i h u t i o n  of c oem ti tu e  im m chu ai m g c’s i i i  p lrtsnu ta lev ls of cocai ne , Tim is sugge sted I ~- cu ~~i r . ’s a r id  bindy f l i n h i l s  (I f act ite !)- amid  ch m o nn ic :mhl y  t ha t  p c ’rn i’t r a t i o r r  of cocairme icc (cm arid ex i t  ou t  of - ‘ -
- -

t r e a t e d  dccii m l  t ’ r  5 t r ig /k g i v .  in je c t ion  of L~ h I J (hue cell in t iis ~ ( ‘N S  nn rns t  In - c fr t i r l v  i s p i ! m tcrd  n OV , I ’ - -

eo cmticte m c h i ; m’, u u l i t  1 - u g n u r a  ‘1. ‘ l ine  v , duuc i  of ci m ,- :u mi- e c’ x t m m u - or li ntrac el hu im u r ini ut ch i ng inn tine (NS mnnust be -

- nut pl:csnia . ru i i r . eh& ’ , h c s’m cmt , fr it , duo d e u i u u n .  sp it -c nn . fic’el y rc ’vers ihui e , i t  I l  ‘~
‘

b ming.  mmd kidney \Venc’ high~’c m i  the c’tmu c I nte I is  T ins ’ b n m m i i n  ( i i  i ’ l l - n c  i m i t l i t -  of c’ I I _ r t i u i e ’ ( F u e m u n c  5 ) )  - , 
-

eu i rci p mnr ed to l in e n ettle gnoup . Tir e S l i c u c s  (if  sh nciwe d mo s i g u u n f t ~’ m i n i t  ( t i f f c rs -- 1 , s -~ mcI 0.~ t i n t  I ho . I ‘ 
- 

-

e- ’e.micm e mi his - eu were lower in tic - c chm ouu ic grc iuip tip \Verm’ R isk ci itt t i r e  c i c monc i i -  cu t up  at 2 arid 4 I t
i - i  2 l t r  pc is i— i i c j e c t i c i im zt ri d s i c m ni ew h u at  Ini gh u e r  th ru m p ( c St- i cr j i r c’t i s i n r m t . s c o r i n g - m ed t t t  tim e a c u t e , mm m d 

- ‘ —

i - -~ ’ i i i  time ma - ri t e rut i n ter tu nics. In t ime ch ro m e ind i c r i t ed  a n n m m lt erc d  c h l s t c j b t n i i s c c u  of e t n .~n iui5 - ic i  m I t e  -

‘ -~ip . ( lie va t c ic’s of ct i ca i r n c  iii  b i te  were lower .. c- t r muc n ic  gmoup .3~ The (‘S i’ do  pI snunmi r a t i o s  of - 
- - _

‘ m u i i r l t y ((J ,5 acid I h u t ) .  lc i m ’ , h m e m at 2 mmmi 4 hr. acid cocaicic (Finuime lO t w e i c  s i o i c i f l c , u n i i s  l u i g Iu - : r i n c  t h e  : -

i - m i n i d m t m p p ’ d  I seer t h a n  t h u t n s e  imn t h e  :ccute group a c u i t c ’ m ci cc l nc j n : ur edl  t m  t hu - c  c ’ h t i n i c  group up 1 c m  2 h r .  
- 

,

i : t i c r  I u n r n e ~ . (‘ i d n c n i i m c i . m t m s - e i y fas t en dis : Ip pc: t r l inr t :e  hint  si coss ed inn si g n i t i em ccmt  cl i i  I - i t ’i u s-e~ l i t s ’ c c m u l i s ’ i .~ - - ~.
-

- ‘ I  e t i ca iu m e m i ’ - i r u i c ~l l m u i i u  b r Ie  4 l i t  p s i 5 t — i f l ! s~~I i d n n ‘I Inc m i n i  r an i cc m : t s - ( c v c t s -  \ , i i U ,’~ \V s t u c’ si gn i f i c a n t l y 
-

cii t ime c P - i i i n i e  rms c on t rpmu r c d  to ( t i c ’ a cu t e  r ’ r c m n u h i .  i t ioj i e r  iii  t h u c  ar~nus if t ine  (‘NS of c i u r c i c n t - n i i l y ‘

1, l i m e l r - . e l m p e m u c e d  I r o r m i  p l m t s n n u : n  m i  t i c - ’ t wo ( me r i t e d  u i c ip ~ as cor n np mc i - ed to c im e i c u i t e  md l ) i i i  24 l ur , I
- “ ri p -i  i n s 11 hn , rind wi t i c  t l l - ~’ e \ee 1 i m ic t ml  (if h ik acid th ey tcu ided to re ach si c rniimi c levels t h c s ’r eaf ie i  -

-
, 

i l ’ . C d  - c i i b r - _ - u P s _ n i ’ s i t _ i d \ - 1 V  lcw. le’’.-~’h cif ci~ c’ to m m tp isl il : - - t e l ~d u t u s r u i  - n d  d cnc m l j t t n i n c  5 1
, -

. u .-.’ ~.l c n -  - - I ‘ I n c j . - s k - :  t~~i H -k - , - - - m u- c - i i .ci n: c ’ mnnuJ i ts ill - - n d - - b c  ks fl cbni ‘~i r . I v  1 u : t t c T -

- - - - - - 
- - : - t i c  ,i m l  ms en I s’ ~‘ P 1 t I  - i n c I , c I  I i  s s c c ’ in c  i r e  - ~. - - S, . l i e  c i t  m u: i - -i r Is t - m - t l i , i . C i  I S  I : \  1 er -

m— in I i  c 1  - ( )  t i m  511)  ‘~ d i c ~ • -  c e :i- ’_ - I m \ e b s  j g, — sr sm cl i n :  — e l e c t e d  i r e m u s  of mit e CNS of t i n - c  , -

I nk es t i f  u i ’ c : c i r t - ’ imn plm c su i : t . l iver , k i , l u n :  , clinnncceaII v t i - .’ : c t cd  il~c ’ i  I week 1ui ’ su - :in l c etisini ,
n’ . - ‘cc,- ‘ - ‘ e n , a c i d h’ rI n i t  the  ;i h i ! e  s I c - i r s  s i : h ’ I u ’ I 2 , 2 2,  l u n g  r t i i :r the dns appc ’ a m : imn ’ of c d i e m t d c i ( ’  acid 

- 
‘ -

I S , antI 2(1 1m m Fs ’~ ; ’ I C t I V u ’I y .  acid ic i  t h e  u r om c o ea iu i c  t c t c u i r  t h i s ’ s -.’ m uie mc s I

‘ i i  n~i~ u n m u i m _ i _ i , 1. 5, 1 , 2 , I _ _ I , m uci d 1 .2 I t t
: ‘ : :  - - - p .- - mns -t s - Mein,hii l is ir i  of Cocaine iii Br a in t  ti f Acmt t c l v  r ind - 

-

~~ ‘ h t ~ - v: i ! c i , ’s of t t i t rci i .cchn , c: uci ivi m\ inn r I s c ,  a c id  ( ‘h r ot r i cn t l l y Treated 11 -05 1 
I ‘ 

-

h R  - ‘ “ens’ l i p - b - c i c r itm” c i ir i i i u i c gi up, i n n t  l i ii ’ c nn  ~‘tS  ~ l s ’ V u i u u s l ) c !css ’n s - cl i i i  tine rmi t .2’ mn on -
5c r , i H i i t -~ - hint g. am c i ! sp k ’ecu 55, - us ’ Itm wcr in t h r ’ CO _ t Il l s’, l ) Cm n7i ly hc ’c g i c n d n ’ , b c n t / l t V l d i l l c c e g o n i n l c . - 
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TcP t~~ti’~ t ~ i~~ _

I l I n t  51t 7. (‘o in npi ra n i se  ,t ct n c i i ’ n i i - -  u of Irs-c s - f l  i - n :  iii t l ’ sui t ’~ c - I l l  ut- n t ’ . of. s i t  
,~ 

( I

(s ’ s_ cc lu i u ‘ b_ it) and s l i t  - ‘‘ t t v  t u  n- -I (&h - ’cs t l i i i )  t t u - i ’  - I I - : c 5 t n m n i ~ se.u in- ,
ic ujeccio n 01’ ( 1 I ~ o i n - . I 1 Ii i n n :  u i  c m mim ~ cnl c’,i n i s , c ’ i i ,  t i s ’u ‘u, t t ’u i s  -
s, s n i t t e s ’cj n t I s - n i  v-  nil . ‘‘- t t nc , t i ,  i t s  d i r ‘.r c mitt- i n s v.erc tu  i - - u  ~- nI o:i ~~ - 

4

iii P s i  t n t  m i , s i t ~’ ~ f ~ ct i  ‘ n i ,  i t  u t l n h ,  n:~t ilts .\ ‘ u l t ’. I o n  s ’ iO i ’ ’ s sju - c - .  l ’ s , n
b _ i t . sI s~~ r, cc iruj c s . t Sc .  c ’ c t h ,, S i i n ’ ’ k u ’ ,t -c cu r ‘‘ ‘ - c , l t \  — dn- ’ i t  sI - .

f c r G s - s - ’,., itn:n s c cli u S c L l ’ ~ ,,_ ’ - n m , - c i .  1-, n i \  P t .  .1(~~J !~~ s c r u ’ i s ’
for 2 d:~ ., l u - I  i ,~ t t ~ a cr -n ’  m c u t  n u i J~- ‘m c u - i  ut s,cme m l - - — ,’ by i s , i - ~i i ,  -

acid cc— -roic nnu r si _ re  i~k m n l i l -’ u l as tin  I i m - u c l n i _ ’s (t f (1.5 Icr  p o s t — i n mj c  h u m , - \ t n l i ~i r n ‘ i t i n ’ i i .  ci  l I t - l i m.
e u c e r r i c u e  in tine d u g  brrm n nt m u  lb I w o  gc i mp.  A m — - s o l u l n i t i t y  t u ~ p_ - b :r b e n — u ’ ’, is’ - g u u i , c n r c ~~

2 m ’ m n sl  
- -

la ter times , lmowc’ver _ only in ‘n i _ c ~iu ’ u ’l’u u i c i n i e  nm n m c l b eni: ’ s-) I c~ c ru : c- g - c m i : u - (~n t u ~- - n t - m i l  p: r t t t o u n  con ’I— 
,

benzoy lrto r ccg oru inie svcre pies n i m u  tb5 l’u - ,r l l : , i m u c .  f’m e i e m i t s  n it ?5~( ’ i n h-cit I:ii , - ~- ’, 1 l  ~ ptnm n c p l imct.n - ,

i’he arrm ottnt s of r imni e m i .iine liS p -u s n i t  i~c i- f b c t l t ’er , ph 7.4, 0,15 , am i d (1 .2 1 t cstu:jd ~ ,- 1e 1 -

coca ine hues iii bnm c i nn ( I  g n u ’ I I )  vs_n e hi  ‘I m m  j un prevente d thc air p :un - I - m ~~i - u i c  m i n t ’  i t ~ i c (‘ n s h i - u - fit —

the d u n n  c c s coitu p n m s ’nI I ,) th i as tu t e  -‘‘ up .  ‘f ir e br cn i n n b rui t - e r in m i l ’hc ,.t : e,,c)et uu m it icc . ciirt’n’t
h a l f — l ife of n c u c i  c u e , c i i i  in c ( i re’ h u m  i - f  d cv .  im cjcc ted  tun s ’ t m m b - u ! i sn i n  cu coe- : i - i c cod d i u u - - : ; i u n ’  in h u c i r m I
S’ i i ’t 5 r c _ ’ ‘‘ .g i _ v. d u - , e of (~~ 

H ]  (‘si t  _ I i i  - \‘._ O  I hr  cotdci ick Ci I -  s i p - i l l  L I n t n i : n n c u n n n c i  u t  these
— l i i  I ) ’  I - i - l i  s ,’ c ci  I ~ for t i ’  ‘ I  c ’, ‘c r—Ii ’c’— ,r n o i t : n h u - b j t s -s n: n t i re  as I - ct-’ t : l u m . n u c l n r i  n - : a n s ’ - it ike

- - , - I - ‘ c c  - , icr n ’ . ( • ‘— - - - In ‘ -t t ‘ S  n I  I I ch’~
_ - -

- do  i t s  c it e oh m’i c ’t : u I - m t  i - i  ~~ V. ,, m smr ’
lii t i c _ - I  of cocaine, Ic bc,i uu i t  ci i ’eic j b -~ i i _ n i  

- 
-

10515 , lf l ’mi/n) i r i c u i  i ’ ,’- , cc n- iu n n ’ was ripp o ’ ri m u ’ s is ~~ i : ( I i  icia ry n u t  Fm ’t~ l Ex cr 1’ c - m n  i l  ~ hi j  (‘ ‘ , c m k - , .- i n -

t nn ; ccs  i b m  i t  in ( li e , c :u i t  -1 (1,5 m r  acid tss ce t h u  ,ct I - ~~h h~ad inn i e t iv i tv  i t  Acut- ’ly acid i_ m : ’ ! ’ ’:

n i ne 4— atnd 7 . t . iu c periods , wh i l e F ‘n i ’ c m )-1s ’:g~u n n m - u c  ‘[r e n t e d  I ) m i i ~’, ’~ -

s i c  :u ; m pr mix i r , u : t l e l y  o n n e — t h i r d  l i t , ’ a r n n c u c m n t  mi  t ic - c  I t i - c c’xc r c ; c u u c  pu b ic i u t  5 - : ’ i l i s ’ rio I t u t u  -

_ - i t , ’ u n - - i c c  ,r m U. S l i t  ,‘i:c rh m u ; n g m u u \ i _ u n n t n l ~ ’ ( is-ice u : u i t c i u , i - _ t i c n t v  m i  , m , ’ u n n c1v  m m c l  s 1 i  t i i i c l i h l )’ t i - _’ u ! L . ! - h - n’ -

h i t  nt t h ’  I am i d 24 .lmr ps’ u i - u is . I c , _ - ‘  i i - ’ con~ is ) ns’ c’ i u in h - c p u n n ’ 12 .  As pr ’ v u ’ n m d v  c u in ’ -:cved , m 
- - -

u n t  n . , n m , m n t  us _m s scs’s’ i , mi  t i t i m e s  hn g li cr in b r ,n ic i c ‘-1 Cu ’C 2 1 O C  was r , ; m h l t i ’  t n n e t r m t n c t i / e s l  i i i  l i r e  ds~ , m n ~i a
~i i u i i l u ~ fl y tr e at e u l d i gs mis compmu i-ecl to t ime .m m u t e  c u i c m ~~u : i i m n m mvs ’1 y sim m ahh  f m : r c c i - - n c  of t i t s ’ sh oe w, cs -

81 -~~~
-,- .1.’

— -  ..m- 
~~~~~ 

‘“ .-. , I .m’t ’ .,, 

~~~- ——--— --- -



— .& —‘ — .,s ~~ _~,_ 
—‘ ~~~~ ‘--‘- - ---~~~ 

,, I,. •~ , ,~~ ~~~~~~~ ,~ ‘t-s-~
_. ... ~ ./

- - 1~~~~~
3O

r
~a T~~~CI~AL CORTEX (GRAY) TFb’ .~~ik~L COR TEX (~‘i~1i1E ) o
~~ ~~~~~~ 

r,s.m ~~~ -.~
:-

~

~~;: - - ‘

~~~~ 

.r .I 
~~~~~~~~~~~~~~~~~~~~~ ,~~~~,_. -~-1 m m~ . ~~. - ~~~~ _.,

~~~
._- .-.--- --- - -  !j

~ E~3 ~~20
‘ J 3 CERE[-tfml,,L1,IA -~ m; ,i,LAt’,hmuS

i~ir’~t ~~~~~~~~~~~~~~~~
- ~~~.. SP1NAL. CCRD , 1{YPOTl-$A(, A)~dJS Li.

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
[T4 i:~i~arL_ 

10

3 P~ DttLA POllS

~ ~~~~~~~~~~~ n ~~~~~~~~~ E~L~~ ~~~ .~~~~~~~~

r~~ SEMCEpI4e~Lc*~l - CAtOATE lIQ EtJ

1~ F1~ ~~~~~~ _._ .iLL~ r~~ 

I l I U m

0.5 I 2 4 6 0,5 t 2 4 6 
injec tion‘ TIME (HR ) i , f l h t u u ~~~,u --

of c _ n m .t n ;URm- . S . (‘orcc pn irm t (ive d i s i m u l u u i i u u s n n  u ’i  i t s ’s’ C u .  i i i  s~ t .  - ot , u s s  i i i i :  1 ~~‘. u -I c t - ~ uk’ d ,i i. i sas’it ( ’ ’t y (st c i u c ts ’ d’ I i mni . ’b :c r )  r ind c’t c io ccms. t l t v  i r u  t i _ s i  ( d u . i i _  -i  i u u - . ~i i _ i  — ~~ - - - -  - - ‘ —  
P ~i n k ’ i tj -ic ~-i~~i I I ~ en et t i ud e ,  O th er  t P’ tnic t s  u s m r  c -- -nn -c- - u m u s -  1. 
,lu ’i u/ u u ’r

o 10 02 0  - e xcu s t t s’u,h

10

I -  I
— 

n t mr ~’ (it i.t0
t b m ur  1c. .u n t c ’ c- u

_______—

~~~~ 

- - 
t u t  i , I b  ~‘m~

0.51 2 3 4 5 6 uei o n i h i s , in . r ::0,5 1 2 3 ‘1 ~ -

T M F (Hr~) T I ML (H~ ) 

~° ‘ i ’ i ,  i i i :l i t - lU - ) i ,  ( l ie  t 1 u ’  u h . n i  ~~- f l - ’ o t i i  I .  - - ‘ -I - , — I I I  ‘_‘ _ l i i  ‘ - - m u m  n u  u _ u - n ’ — i l ri u . - _
~ u u  s - - t n t - _ i t— 

~~_ - _ _ -~ 

__ 
~5 — ~~~ i t — . m s - i s— I s I — - i i , I  I t - . - - i -n ’ t - i n -  - u l i  I ‘ - n _ . c ~’ ,n —

- -i - - i i i :  ti n , _ n m r - t s  ( s , - u , i  h u , ~~) u r o t  u t l u ~ - s u i t . t t s  c - i l ~ i , - ’d ci- I hum&’) to ’, s i f l i  S u n / i : i u u i r ; m s s - , u - - i i , I / i  - t i it

• ‘ : I ( i l i . _ t  i i i :  ‘t ‘ t S n :c . .- rs e i u i l i  - - _ n n ’ u s i . 
r i . - n - - u  u t  - - l t ~ cs —c _ ot t , - . (_ ) i t c, ’ r 0 m , , c I ,  I s  u : - ,-n ni ’ i C ’ t u u 5- , i n c c e  ncr 

i I ‘ I T I  u” nu i - - . t i i - ,i i m “ sei t i  n - u  nc s .iiucs 
~ - i t s  7 . ( I - i - - i t t  Mj s n : i . A I . ,  t O t s i , \ l .  N . , \ t t i i r i , \ . It - , iu s’c i / t u \ i n m ( - r  -

iu b i mi i in ” mI  i n :  n In e - ‘  t c’on m t u ’ mn i i  t i - ni  ~ i 5 0  Cia’ ni t n t  7t ci i - r annu l  N~m > r c k , P . k .. ,t u cu u ’/ ’! -) I / i , , ’, 1 t i ~ t u n e , C u ’u l i ” u-t - ‘ . i t u i - I - - o r: r u - _ n  - u t  b r , , inc i - c u r  ~u u J I t i C c s ’in I I — I  c - s- i i i  h u . : u l u u u s s c - f l i ,) -
c - ,, :, s i - h r  - n i - n i  O h - - i it m - - t s .n s i i i  r t - : n m ’ u r u ’ i - 1 I m u t t ’ u c m n l t  m i t
7 m I - - u t i . A - I l i - -I , ‘.t . N ., -\ t ! n t r i . \ t( .~ u t u m i- - , S . h m c n t i  , i i i t n ’ -

N ‘ i t ) - . t’. N - . \ u : u ’ l c - t i _ t i , in 
~

- n u - ’s - t m / I  \ . c n t ,  se mi- c h i r e _ e c u

( I , -- - ‘u (~lcc,ptiea!, It i u -ii -nti s !, ( ‘In, - :-I~ui and Ti u - nt P.1(0! I - n - u

- ~~~~~~— --S - - - - — ‘~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘-r~,, ’u’ -~~ -
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5 I c  5

0.5 1 2 3 4 5 6 - 
La P

T IM ~~~(HR)  0 ~~~~~~~ 
J~k L ~~~~~~~~ . 

i l - i
0-245r 24-45r~ 2 -?~ 0-245, 50 -cii ~ 2 -t ~ I

l - I ( , t - t t t  i t .  ‘t he m u n i . -  - i amn , - c n i c r s  ol m u , - c ~~’ - n - . , n m n :  TIME I - - -

- mn i ’ r . c u n c  n i  . u . i u c ~ t ; (M im i ‘n e t  m ind c l i r s i n i j s - : u t l s  I l t d  ‘lU 12 C s um n n p , tm.nni s- ’ n i n m n n . n u \  ( to~u) an d i s s  1
I n  i t  1 ( 1 1  it u n  I i c r  5 1  51 Imt ’ _ n v s u r  Ii ( hui t ism n n ) ) L \ c n tIumi ol sci in m d c  n m c i i i u s n s  in

1 1 i f ~ u n Fl u i i i i  I Is mn mm m c ml ( i s  n ut  ii u m  ~s u u  h i  (ci ru m ml 1 m m  I I i I — h u n  n i  i~ 5 i i t  t
i i  t i Inc  I ,  I I I I i  i t i s  n 1 I I  I (duct  i I I I I n  r S ni I i n i t  ci u - c I ,  r c l i  ni u I

OI s - \ i u _ ’ m l,! c - - t i l l , . ’ i , , i  , m i s — I c . - — u r n , 1  h i - - d u i ts (ictic’u - - - -
- 

- 
‘ 

rm nu n: — t it’ I 11 1 5 ’  c i i i ,  - - ‘I ti c’ s - t u c  ‘, i c 1 uu  - —~- i n i  ti m , ,1i
- 

~~t s  . u . i i i  I , u i ,  -n~- I i u -  7. ( 1 - i ’  -ci ‘t~ u s i a .  A, I - - - - - -

I \ t  N l i i  V I I i  S .1 ~ sl N u t I—, 
ti 5 I t s I i i  I i  I c c  ciii in n no

-   m l - ’ . : .  I t - - s ; u mn )C i i -m’ ’ u sesi i nc ,u mu ’t , - 5 1, - ti lt __ .i ni- - su c c c -
- ~c O . i i ~ n , ’”~, 197 6-  \‘\ m m : : c - i n , u l s s u , u I , .i  t - 

-
sn ,t - , t n t . ,  u,  - n i - . .  c u r ’  — u ss i i i i  ,‘, .- m : ,  - , I . - ’ i t s - sc ’ ed n s i u u u i i i , ’

i s  c I sc  c , - a u c o ’  dw i s ’s’ d m u t t y  I s - i  (u ~s cl— ’. i tc s: n \‘. ud lr  ci S

c’~~ci c t e s i  i c m n , - h u : c i c / c ’st inn i c r b n e  n n m , u i  t ’c’~~ s. ‘t I cs’ ~‘\‘ 
n , t 4 - ’L - .- i s . s t , ’ - s  m u t  i c 1 ’ t s h t l , d  1 ’I1~ s , ’s . u r n r t - i - - n  nbc I - -

c i s t m n i c  of c , u , ml n . ’ as mn c ’n m u u iis’tes ’umie : ’1’ i n  u k - c’ ~~ 
n t u  - ‘ m c  cc ;  - i l m n i c iu s —

-

I l t i cm c ’ ,~i i 5 !  It Cn ’ u ( if  Ii ’, u  c _ c i t e  d ’ s  ss us ‘d ru m I I I . -

t m - u i L u  i I’ ’ s’ i c u  ‘ i c e  nit 1 u s - m u d  r! m u g s , 2 . S ;tcush 0. ~ ii i  m n : ~- inn  h i - t i m  guol i~n s . I I !u’ c \S’ c’rc ’ mis ) Si n -  ru e _ n r c

i 5 ’
~~~~- .’ h i - I ’ s - M i i i c ’ \ - c ic ’i i t t  of ( o t n i l  I I i s I i c - c t i \ i I V  d u t 6 - u c - u - .- inn n r ’ . crm 1 c : n s e m l t . u c , . , of u i c - i e , u s , u m i c , - , 

-

i & i u c ’ s ’ i in n i l - n ’  s’.- i t l i i n m  2-1 F m  ii- u c t i m  m - r c s n n l u - , , inu t  e~’ s : i m r s - ’ m i n e l i m y l  s’st s’ i , m m m d u n n i d c u n t n i ~c5i c i n c h -h i -

c e n e m o m I  of 1 , 1 1 : - I  u d u s ’, c e t u s i i \  _ n u c c m n n u c n  ~ [~
- i t e  i i  ‘ n i / - u S  i I , m n s - c n ” u n n i m n c  :~ id c’c t / u ’ l i i l i c  s-ee c 

- 
.

sl , c~ s . ‘l im e ce se ts c u u n n i ~m m m r m i t i v e l y l u i g l r n u  i u u - ’ s - ’c I  i n c  i t g i m cn  m m n n s u c n i u n s  . i n I - I  t u s - t / s u ’ , i c - c , / n u i , i ’ .n ’ 0

e~~e t c I n u u n m  u I  c u t n i l  c l i i- t i v i l y  i i i  cu cinm e ; ms i u , o ’ e c I t -  ri nd t n m n n s ’ e ” u nn fc i c  u n  Ium’ ~.’~ i , unnn - - . : i t s . iii d o  ;ic ’cn is ’ nis -

mu- c of it s - se ~um tine c.hnr c n i e  (60  ) mis e u u c u : 1 u m i : e u i  to i i u t l i t ) .i F C i I , i  l I c e  \ :c t i m C i  i tm t i , ,  s’ h r i m c n n i c m i i l y t c ~’mi t s’d :, ,
m i - c  m m _ n I  h e  ‘ c - ’ u u ’ . u ( I - c  (‘ t m t m i t t l , t t m -,, ’ i us ’ c u : n n t  i / i  of d i u r ~~. -

,,! t :t~ 
‘ - I S  ci, in inn ’ m i i i  inc i’s j di (lie Is s uc

s c s s c 1 r l ) i ~u l  O”iI I \ I) \ i !  I ~ I ( ) 1  (‘ ~~ (‘h i

V I, O( ’ \ t \ I  l ’s l i i i  \ I ( i \ I s~ V
I - c n n ’ - .. c~t ’ t t  0 l’(, l b c iii  l loum:i i ’S I, n nt mm i mmu t t e s  ( i t

m u . n t i s ’ i c  - \em c t - ’ ly i , i m l  ( ‘ht ~ ,u c m t , c i l ~’ h - - m i ts ’u!  t ) m m 5 n s  li ’ :u, ,n c,ei , I- ,ici: iie Sm i r dnc s Oi l  I FI~ I U,T t~ iii

- ‘is  Ih-I ,u mi mi tI m . ’ ec -’n u , u t c.ni i ’ ,s’ u m r c ’t .H- -i i s h u h 1  -
_ i l l  \ l , m , i s c ’ - , s  m u i t s ’r l c i t rniv m t o c m s  h n m : - -s ’I i - -c ms I

- -i C u - e , l t ’ n C  iii’ / 1 5 C m  in I - r u ’  13. N - c n s s u - : . m i m m u ’. A h m i , i , c i ’ I I  - . 5 5 t h  ~I iI5Iis ~ tn~ - . u  I i C u ’ l m  i c j i u : P s I  iou 
-

- - u:lc o. -_ c c o m : n u u’, h-’is, I\ic ’e g sur n inm ’_ mns mh’~ ’n — o th e ss’If - ,u s i c c ni ccnn,t n .ui i - -Ii of c’um e’ mm cc c _ ’ t i m t i u c  - 
- 
, -~

i Ou , - u ’s. - u : u - ’i !nyi c’stei , r mcmd c c / u r n  dC ws’mc ’ cur -ui ke ~ ,~ ~ de t m i  (It ’d i cmlsinn cnm m ti nu c r till I i i , ’

.1 - c - i u 1 i: -t mis t n n u n u : u i ~ t , i - e l t d i ’ u t , t - s  151 cos’n umu i! in I ’ ‘ i c u r . -no ’- c m n u ’ tn -: s  r i o t  m et  d n t u h i , c i t  s t  n c - ’ .uuclc  1 4 i  -

l u n c h  ~- n c u n u j  s . \ u 1 u i u : ~. m n i m : u i - I y 6 t i n  1’- ’- of t i ’  d,mee h i s  ~p s - s t I _ ’f, i i i  lb. ’ .c~- u t : ’ m i _ n _ i m i u c n ’ n t u t  s t m u l ’ . i s  - 
—

sins i ’i~c’- n t  as u n i i i s k m i l i t i - ’c t i r f i ’ i m m i i u - t I I - ’ . i nc -10 i c r  I ci m i i : ~, I n c - m u m  ! , m b u n n m t i - ~~, s l c c , i m - -s c c , n e  to u t e d c - c m !

In
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w t~i bemis’

~~ m mnj ec t  - u  -

~~ i n j e c t u i m t

- Pht armac
- ~n— cally Tn’ 1 -

- itt 8EP~Z0YL iP)€flfTt 1~~NZ0YL, Fsc~c N~( In Fi, nstln.Tm FuFic 5,-

i 0 ~~~~ MeR(X)CA1~~ ESTER ECGC~ øiE1 1CCi *i?’~ nCGC~ai’un ~~~~~~~ META~OUT1S In Ci

were a-
twice ‘

— 11
int ravem

-. I-tm/I - RI- 13. ( s u n i u ~u n u l . i u n .  p~i aI i t c’ 01 u m ili n ni m y n u n c ’ t . u t u u t i t : s  i i i  Li iCUjf lL ’  i i  tO o cocaine
- 

- 
, i s~~ l /  -. I s (s t :ui u nc-sI ‘ I n nc’ l am )  ci nd tO- i, c t i r s ,um s m i t e  i r - ’c n i u ctl (dci i t s ’cl l imi t )  Si c’s nmlms ’r S r~ ~-~i ~mn ~~/is ’ : i n n i r , v c’ r l - n l u s  m n n j s ’s- n l m u n u  of ti n m ; n—t mt hs ’kct 1a c’si e t t i ist ( t t m c  de im ui l s  on c’ t i m - s u m i ,

- tre , i u n o n  I of dogs nm s ~- i s c n  iii ( In st foin t incite u - f  t - i _ n ih mc 1 2). Dmm ma rs’prc’ru:n c Jcm s’ni ~ 
rnonke~ -

v m c l r u - s I r i -m m t wet it ~: - .c inn sri cli gr tuu ~i. ‘l ime mn n c ’r m n : c s s u u  i ,in ’s” i of doss’ s”. - i _ n  - ni in 4 ~ plasma s -

. Icr ni Its’ r n flj c’s’t i u n cm s - f  I . u lu s ’ I c ’d coca ins’ n m tic - t im e r ind c-li I s m i t e  stu  s m 5  si c r c ’ 58 t imid 5 In 2 , m m  t ci
is - sj , , ’ - . IS  5’h in two

respi’cti

- it si m un ’, ch i f Ie re mn t  i c n t m m i v e m n o m m s  d isc’s (5,3. t u t id  I t m i i l m c c h  im p to h u m ’ t i t t d e  (if cl e:nt hm w,ns mm pp rs i x i m nnm ndc ’ I y tnoiikc~
- mi n nnk ~g ) i f  V I I I  Cs u c’ , t c i i s ’ inc  t i m e  m n u c m n u b .s ’y. Femn n , -f : I fur. plasnna
- - n nn sui,l -m-cvs i i s i s ’ c : r tbu c - t m ’rj is ’cl is ti c  h l : u u r ! e x - l  u n I s ’y~~

’ \Vj t i i  n u 3  nnnut , ~k n /  i m m t m a s ’ c ’i cs u i c s  i n ij ee t i o c t  c 1  - } l J  values is

ici d ws’ i l n n n ~ s’ . ml l t ’ t e u s  ( s n / C  ~~ , 12 1 - u . )  acid ( ra ins -  c u i ,’ m u i n i ’ (‘a t ine niomnkcy . cc m : i v c m l s i o n n s  WCi ~’ i u l t c c i ; ’~’cl
(erred tim a n - c s t rmmi n mim ig c h mm t in _ ~Vit iu mu S nng/Img s’ - it initn IS m um ‘at’ n ud m i ni i si rmtti m mmn nmnc h tine C h I s e l s

iu il r m u v s ’c n u -ni .s iui j s ’c t i u i ni of [~ h 1]  c - u _ c u d ’ :  t o  t h i s ’ i m u iRs i  ( m c i  about 30 mc l iml _  Aftc’i 50 min im , t ine
n nioc l t s ey ,  sevs’re ~c u i rvmnis m mons 5 . 515 ’ u u h ’  - c r i e d  s’, i t l i u c n  l i e ~u :ct hn e ri n ni c mm m ’ a m i kcy ( - l 3 ’(’ ) w emnt i n r h i m  scs’em c

5 m m  s-I m cslmm n j - ’ r~/ i,ct i n - n u of d m ccn ~, a u m i c n n ’ is i t ! m l i t - c  ds’1i r c c s i u uc u mm md died cii Fc’Spirnit (iry n n mis ’st i .~ l i i
- spmus r u n i n d ic  i n t t c ’r , u i I h i ’ S  e u i n - n m m , r  t n t  t h u s ’ i i u ’ : u - I . ‘ l i uu ’ n :n ’ a l t e c  m t d u , n c r — - c t r m t ( i c u n t  of ccu~e uit u t ’. A t ( c m n i ; - h s  I s -  ncvisc ’

I-cc ts m i d  lm~ IL- u t i s , u c s c i . i  l ast s’,! l u n i  I h mr , m u m c d  h h u i~ tic s mi tii:n ~:ul i y !,iss - : i i m u s ’  t i m e  lmdv t 5 ’ mn ) pS ’ rnt ( tmre \s’enc’
is- m Is b i l l -  i ,  - c t t n y  m m ( Iu - l s i , ’ -;~n m u c n  p 1 - se i i i  s t u n 5  II  t i n s ’ u ;n smiccc ’s sl’u m l ,  The level s of t’n ec C I s ’, l I i l s ’ (p: ‘g c m i

- n ; u - u n ! s t ’~ s- . r u t  i c m t s -  s i h u - e t ,  , r ’u t  d r - - -.t (if  ncs p i n :i ts u u y miii ) in t rs S m n t ’s a mnc l b i ’a f l n n d s  of th is muiicnc ks-
- m r - — sm m u 1 n 1 ; , s -sumn u r t u -I . - 2 . 5 I t t  i!i c - i [ic- ’ u n i js ’ :t iiumc a nt re cnm u us ,- 1  ii n n inu ecii mm leiy nnf icc (m mml i i  5’. t ’ i c ’ m us fotiscis ’s:

- 
.

- ~ - Cs’ . . m n c n e I s l ,  ‘at u n i s i t C s  n nnm d hnu  - b i n I s I s  r en ’ : sc : s ’sI l i e - n 041 , sp i _c~m c ( ( O h ) , k m , i n i ~’s’ O 4 N , i uInn c r c ’:cs 1.71 ,
- - c m  n ti u , ’- tr i t e l y nu l mc ’u t m : de t l i :,c\,’ ( li e foli o’. n u n 1 ic - it 0.~ t in t , : ( 1 -517. h m l , 3 o7, ~ - . m ~~b m u - - 1 - i n n . u l

t h u - s ( I ’ ’ ;  u u :  n u n )  u t  h i _ c ’  C n i . u n ’ -o I n n  ‘r ( m ’ ~ ft111 i 1 1 /  : , ‘ i i h  0 t ~ l 1  i - h ’ :s il l u : ’ - ’
- 

‘I - u n t i . , n t - e s  I c  c t ’ , ’ ~~~~~ h - c t - n ;  - , . m i - . - i ’ , n - I , ’ -- - - I s -: ; - - 1  : ‘ n, . s/ ,n r m i ic m t : s . u s  u ’ l  n i c e
• - (c /iI m m d  1 , 13 . t u n Ic I I J , 0,’s. cc’r c h ru ~~ i n n t m m l  n i , u o l ( ‘-_c. u-n I l i e  i n , u t , H - ~ s’ c m is t n u ’ h u - . - . s m  j c-i n , ’. nr , u l

I I . / 7 , in5! ncI, i~ u it:m 0,03. l I n e  s . u l n i - e s I n n -  ‘ l  l :~- s’ -, , ‘ m  I ‘ ,s I oc s I II 5 m u , m s - , i r ~ - - - - t c-a n t- e s (is Fm !:)
- . 1 ’ 5 - 0  s u n ’ .’ i n c  a-H e l i  mc :,mi. ot  t Im e  (‘N/u m d  t I n - ’ . - :t ’ .’ I l i r n n u  0. 57 . st - n m m n i  m u - m d  I I . Sn n , i -s ‘--d c

i - u , i c ii.cv is
_
c r- ,t s b,uli m -si , Is ’nuporai e - u I ’ i  (t-r.u\ ( I  ~i, I i n . c t , u t u ’ n s  OH I , m - : - Jr nit , m 0.51 , pot s ft c/N

• (3 m i n i  t c ’ n i p n - i ~ i b  c’onl c’i (wi:nu s -) 0.5-5, c ciu !ic ’il n m t n cr - - ’’- -c ’1 i m : u t - ’ m u  ().5-~, u i - I c . t : i d , m ic ’ c m c m c - i s ’ m u ,  ( i 5 5 •
P ( 1 : - I ) , sp i l t - i l  coo s l  (1 , 53 , i t s  u - t i _ I  m d ,

t i n , ’i i n , u c r .  0 5 1 , m n uu ’ , ii u ’i :c ( ) _~~~‘a . puins 0.61 , mt n a ’’t -u o — - ‘.1, I d - l i !- ’ . u t  ( m c , ui n u n ’ i i i  t ins ’ l I u , i i i m  of ~i u u n u ! s c -Vs
j nl i m t l u u - m  (1, 53 , ; i n t h  c i m i , l _ m I , ’ n r u i s l , c u ,  ( I  P h  I i i ~’ c’i i m - u i — , — .~s if l u n i j u i s  n m i i m n i ! _ - _’’, s : m s i n n u t n n u  .nc ’ c a ’ti m m 3
m m j i p m i ’ s i u i u  ‘ c l umi !t ’- h c t c  u t  L I i ~~~ I i i l ”  n u n  m t .n- : i m t  ‘aim , ‘an 5 u . n  j c ! t m , ’ i c ’ i : t ’u is  t : - j ’ ,- t i s n i m  t i f  1 1 11 1 c m c s - m i r ns-

~~i ( - 1 ’  t i - t i ’ (‘n i - m, - n - ’ s ! , fl u n - e u  ~i!~ i / u ’ , , -  ~j ,’ , ,~ 0 / u i c - t / 7 ’a s~-’n u ’ ” - nf  - i ~~ ’, , t c

- 
_.__ 
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c - o r u u i v s ’d im nmu e d i a t c ’l y n tf tc ’r d e mi th i  ~I r u u w - ,- mi hi m. ’ t reated m c n d n n c l m c ’ a ni’ m cmmmci 1 c : t r e d  t i n t ine  : t c tmte , ;mnm:l ‘

pr-_c-s ic_c’ of n oreo c tn iu ce , l s _ c u i m u u I ‘ s u u ’ r i m c ’ ,’ , min d su f . m c n h i _ s i t  : in nmout i tS  (3h I c  /,S n p t ’i u u i  ) of tot :d 
-

in n r n / C m y llU imCc ~ otui n e  r u metncbciiites. ‘fltc’ inm ru cm tc unn c : u d n c - : u : t n ’ ; n t s  p-ac ntrs l’:il In I i i - .: i’1~’ i n n :u of cin rua cn icat hy
- of n orco en tim ne as a me t m ch s - l i t e  of cua c a iu ue  in l i ce  t rcmct c’d m n u m m n m i _ _ ’ ys 40 hr  m c f l u - r  i nj ec t  - ‘ n m .  Cocaine s-rn’s

lit - m ul t i  of morukeys lin us hec um rcpcim ted nec erm thy. .16 ci nh- -u r u i n  mcii I or pi s’.-Cn i t I t i  in:, r~ i) dc Ic - I mr bl e
l ic e rat io of the amou n ts of’ h i en m zmi yl tuorecginuuine c ( -mc5 ’ :uct ~ n i l - 5 u u i s  iii plmrsunc: n 6 h it a l t o -n icmj c’c u i - i n i n ,
(ii bein-,oylccgoniiie in brain with 5 mug/kg i v .  b & u h I t  g r i u m i ~us
inmj ( ’c ( iO ci svas 3:2 aun ~t that with 3 mg/kg i v ,  A c t m m i i n i ., t r a t i - m n t  (if I umm - . 1k ; uLu~-e of I ’ I I] -

nn i ~e’ei i s-n 1:3 resp eel ivet )’. d’t d ’ : m i c m e  by j m~I r , n i ,’i i u - u r s  i n i j c o t i nn i i i  an i l in e :
n u m _ m n i :cs ’ l ’rt idnice d n s ’st ls - ssc u esa nu n d i ’ m , e - i i e I n n e m c i  -

Pima ruiac ok i,met ic Studies in Acutel y arnl (lm ro mn i— c m ; u i s ’ . i i m c m- : ) y t i t t e r  i r n jn ’-: n r : s n m . and  t im n ’ ssn e f I s ’c t s  , - 

-

rally Treated Mommkcys Injected inti’avemmonsly with IC ~tst(l fi.t r  mup p ro~O u u i a t . -i y 45 mm i inn  as p r o v i - m ) n s i y -

1 mg/kg Dose of [
3 j~ Cocaimie (u !n s i ’i scil in ot i r- e r m i u c m n i l . s ’V s wi t h  m m sln ’,mi lnm r d u i ~s’. 

- -: 
-

In chronic experiments , two female n co tmk eys I h tc si ’c ’vs’ . this m n con n kc ’r  went  j u l11 a se vere post- - 
- 

- 
-

si ere administered 1 mg/k g s.c. dose of c o-e nmint e n u t n i m m t c l , ’n l i m n y  dm/ pre ri s inun I hr t u f t e r  i n n j c e t i n u m m  am md 
- 

i - 
- - :

Ins-ice daily fan - one week , 2 tog/k g s.c. dose t i — i c e  d n5 ’ -.l m l  I S  s p i n  :u ts n Y at rest 1 1m m znc u d 4S m u t i n n  a f t er  - :.~
cimu i l y for the following week, and 3 mug/kg sc .  dose iin j cc t i c unc . Imit r mi v eunotr s  inj e cti cm n of 5% gi iic~-use or 

- 
‘ - 

-

m ice daily for the third week followed by an n iu c us ’ c r im m g of body t cu i i p e r m u t t u re , etc. durim ig tine . 
- 

. - -

in it ra s ’emr ’am ns inje ctioci of 1 mg/k g dose of V I I I  dcp r essiua m i j )lnase did not rCs ’lve ( icC m i n i m a l ,  1~ln c - -

e , u : m c i n u e . C (mnniparative dat a on the distribution of c.~zict cniutsc of death iun t h ese nn sn nik eys  is ico t .

1 VII] cocaimnc ’ in acute and chrotiically (reatund krnmwn, A s’armsi tivi t~’ to ccm snn n i nne  or m u-c m of :mdn ipt a . I
n:: unim e s tune g i v e um i n  T ;mhle 1, Inn both groups , the tkmmi (mj (h u e pn imna tc ’ c l i r t i r  mmd c m i n n s m c 1 i n e i l t  s t ress  • 

-

: ‘simi ~n v:c l ‘..e s sI n uflV u 2 a hi phasic pni i lL on between S d t i r im i g  t iic onset of cs un n y t i i e k r n i s  could 1n , i s.tjbI y be -
crnin n to I m r . ~i l  ne apprm ’ac in na t e  Intl f.h fe of cu - u c a i mne i m nv s n ls  -Cml . ‘fine Ic - , s’ts of ’ free ecu_ cd nrc (pgfg ci m d )  iim
n : Iso -mi ;uecnl c  e ; - mpc r iu nnc nnt s i-. ms 1,3 m ind 1.2 1cr lj i suns ’C :nzucl h i o f l n n i j s  of j nm ncm ke y  retni oved imi t um n c -

- s() CClIVC1 ) ~ ti m- - t icc t i re  ch c ro t i i c i i i y  t m _ c i t e d  d i ; mt e iy  tuf ter  di n - h I t  s , c ’n e  as f m , h i s u s , ’~: ic ~’er 0i7 ,

- ~~, 
t u c k s -V S si-mis 1 .0 rid 0 / ”  h r  resp ect ive ly ,  ‘l i r e  pemmk .~r !ccuc 0.0$, I’ ici n c cy 0, 13 , fia; t:  ccc 0.68, Ime m u n t  -

- 

r’ - n sm , u levels u m f  cocai mne mciii  to ta l  u m m c l i - u : n . c ( i v i l y  0. 14 , I c i n u p  (1 .2 7 .  ir i t u e  5, 54 , ccm .’h osp ini;t flu id 0,07 , - 
-

- I i ’  ‘..mloc-s were mm I~o mmmcli  l rr ,ver im i the c f u m s u n u i ’ : m u l t y :cncd p i _ ns r n tnn 0.0~i$. ‘Iii: sc.b tu_ c (jt~~g) inn c-e lected 
-

- s ’ S - C, . , -

i l , 1 T AI ;t . l  I I u ’
t i n  - - 

~

-

I.)j st.r I Iomt iof l a 
~f l~ 11I (‘m m cttiiiir r i n d  LI .n ! f .h i _ c-s  I i  l ’ t u n s o n m  of s’1.cmmlc ty n n i u c l t t u m u ’ i : . Iby - -

- 1 ‘fls.a 15,db M(mtikeys  A f t er I nug / In g (l rc’e Ii : ,  c )  I ) s u n s ’  by i_v. (cnjc - c ’i-) n i 5 -

- ‘ i i . .’ 
l l m u I f tu v ._nd

- -~~~~~‘“  i S inmi ni  1(i c i i ic i  2O m n I n c  (I5 1mm t t i m  2 I i r  4 1 u r  ( ‘ h r  (I ’m) 
-

( A )  IS Um 2)) 17 ‘ I S  5 1 1 3  ~~1, ~~

-

‘ ‘
, — , ( I i )  97 84 67 90 49 9 S 3 I .?  

I 
‘ V

- ‘ S - ( ‘ b n r e t i I ’
- (‘- i 2 ’  IS 2 3 It 17 i- 2 U 1 0  - -~~~

‘ 
-

- : - . (iI n 1’) I ’,’ 2 ’ ’  i S  2 1  0 7 c fm ,~

- 
‘~ 1 cl i  h t r ’ u m r , ’ mc [ n e . .’ i n t  t I c  u v e n : u - - ;e i f  s l u n fl / ’~ .u n u - u ! I c : t i u i c n c , , l t s - t i s  i n .  rIg d5’~ 

(t nt
u ~- n - - n-u ~ i u n n n  t c c , u  i s - n ,  i t , c u , , - ‘ . e .  ‘i i  -n ,nl ( I i ) .  1~

‘ 1 -
, s h i ’ s ’ m u m s - ~~~~ 

,:o - u m i - , , t t m i st s . ’ n u ’ nm ’ t :n .u -y: - were . , lc , - Ir, ,’’ : c , ! I n u n - ’ .- ’ I . - - dub: , .’ u , ~ - - -

in ri m I I i  s I i n’ m i  ii m u s s  u s c  1 cli I ,  si n i  s sk 2 nn S tlui
- ‘  - - I - . ‘ - id . n ’ 1 ~ f - u  1:. 1 , 1 1  i n : - - ic c, - ’,. ,  3 utu ; /~~ u!~ s . Ic - u. st d.uity ( m i s  ihc ’  Ii c !  is Cs ”e , - - .

t - - i i - - - - s - , i  l’s I n n u -  A - ’  st ~ u .ue n ut  ~~ t J c- c I e . u ’ n n ~’ t~ . n .~ - , i i l ! s - c ; n , I n m ,  - - . 
- -

I n s  ml-~- -. ;— u-di m I i - , - ‘I . - ’ s u u , ’ — s n mt mcl i ’’. i n ’ . r : u e r cc  h u n t  icc n - n i t  ‘ i s  In c u t , - - - - -

- ~
_ .  ~ t T h t i I m- ,u _ ’S c m n : m n : u u ’ d n . , ; s ’I’s m u U I . ’r i n u h u ’ e I e  - i i .  

.

- - .- t m : d(’e t u i c  i i i  t ii’ : i t ’ii ’ -~ (1.9’)? , - 0.91’) I , ” d, t,i iii th e  ‘ s u n ’- ’ n.- ’ ;’ ‘ u , , ‘ ni ’’t . P u ,- -

- 
(I ( i S . ( - , -~ - -I , i u i s u r i  : ,u. - ! t m c i  - u u n  r - - O. 9S~ , 0.974 I n :  d i i i  in ttc e d u r - - c u , s -

i” ’ n , n ’ i . ’ m n t s , i’ < (~.0S,

It
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I n m r 5 ’Cs ci i l ine  ç~s < ‘I t ine  mcc c ) i m t , c -v 5 5 5 1  - ,n s f  ui l ln . m’.v,s: s. m m m c , ’ m m u c m u u i m c ~ s tin clu rmumd ~ I r s ’ m u t r u c c ’ mi t  i v i t i ,  c u c c m c i n u c  ~ I -

- t c ’ n n p c i m m u l  ( ‘ Ou ( s ’X (~‘ r m u \ - )  0.?~ , u ’i nm pm mr 5ul  c o u h m ’x c’ ’m c’re (n� d (a) (1 ,5 mn cd 0.1 , m n t u d  (h) 7,0 mn c td 0 .I’~/ , ~ (
I

i ,
( ss ’iu it e) (1,27; ccrc’lic ’ I iu u i cc 0.26 , s p iuum ui  e m i n c i  0.33, rc’n pccti s ’c’i y mis free c n ’ emm imu c ’  in u r i n e t i m i d  dos ’S.  h u e  - 

k

hv p o t l u :n i a c i mm ns  m u m i m i  t l i m u i m c n u n t n c  0,23 , mu me du u i l : u  0 75 , t m u t m u i  m m u d i o m i c t i s i t y  v m c h u s ’s nu ~ p ci c ’t ’ ! m I m n ~u d ’ c i t  s l u i s s’ inn :
- pu m u t s  0,32 , u u u c s a n u c - c’1 n l m ; m l u n n m  0 ,2( u , mm cd c m n t i d m u t c ’ u m u i m u m t  mmmcd feces iii l i m e  c i n m u n n i c  g nmiilp svere (a) ~- l2, 7 i 

, u m , .

:~ 
n i t i c l c t i s  0,26, mm md 9,5 , r u i t d  (b) fl9,6 t umid ~l ( i  i cs i u -e c d i ’ . e l - . . \ I m c t c i u  ~ 

l i i .  c

~, e t i c u c’ t i un i  ~tf free coc uimic  ‘ ‘ nd ~ i Ia i  u n n d t - u m m e l i c ’ i t y  : 
i s

:~
- Ur -

~~~
- t r s  ‘ .uiiml Fec ul E.~o-i’t ’ t j < i t i  of Free (‘u , c ’m , imnc ’  numi d m u c c m m r m c ’d ss it l~i mi  24 1cm, ~5 •5

S ~1&t tmi1 l~m n: !i t ’ mm c ( i n i m v  After I iung /k g I intravenous ~ In

:: IiIj ’_’c t i t ) I i  iii ,~C ( I t i )u’ tim id (‘Ii i’umm m iemi l l y ‘ I t o-tile d c n n

I

i 
Mmtnkt ’y s  Un itary Metm ib ( il it & -s of Cocaine in th e Momnk ey ~ 

Si ’ : I

; I ci mI ct u t na C ’ (p er itnin ’ n t t  S, t ine  pen s o - m c i  age of d u s  I nn n r c i d i h io c n  to s mmnn nl l  mummn r ) umch s  of on inanged ru n -

c.
~
m cr ct e<l iii two fn.’nn ruie m nuc m nuke y s  as free cc . , Ln nmim nua i i i  cos’ m u i n c c ’ , n n i m u o r  amnou t n i t s  ( < 0, h c~) Of mno neoc a i i cc , 

t (I

c u nc imne  annul feces col lected ~iv er  ti p ’et ic md of 96 hr cc g u t n mim c c m n c t h m y i  Cslu.’r , h e c ci .o y lm no mc ’cg ommin e (33w), ~ 
inn s -

p o s t ’im nj e ct i o n i wm ms (a) 0,2 an ’d 0.2 , mu n d (b) 5, 1 and amid b emtz oyl ec gci miim n c (5%) we me i d e n m t i f l c ’.I nu~ 
the

0,1 , respectively. ‘[‘Inc total r n md i m .i a c t iv i ly  values in u r i na ry  n ie(abolitc s iii pooled urin e of mnconkcys —

m i m i c  and feces I on these fllt)iikCyS si- cr c  (r t) 43, 2 collected over a pe n ic mc h o f96  hr post ’i u uject ionm of a
- , . n - ‘ - I ‘ r i m s -ti mid 6. 1 , m mmd (h) 67.6 mind 3,8, . rcsps’c l n v c u )  - l i n e  I mng !k g m . v . dose of [‘ I i ]  c o c tu im n e ,

fl IE IM PLICATIONS OF l)I SP O SITION ANI )  Bl O ’FR ANS I t OR MA ’r I oN ON ‘UI IF pot
ACQUIREI ) S[NSI ’l ’iVli ’Y ‘I C) C O CA IN E ANt )  ITS SYS’I I-~.\IlC po3~TOXIC’ll Y IN E X L ’ F R I M E N  I ’AL A N I M A L S  ON CI1R ON I( ’ FREA ’l ’MLNT hy 1-

Cdi .
( 2l iRicuic  tcc -a tm n. au it ol’ dcigs ’5t rn d m m uo n r k c ’ys  svit in d i s t inc t  m u u o i c e ul : i r  coni np ic ’xs ’s wi th  t_ cui c i i . i n n i  I u u u n s 15

c05’m u i i l c  I cm us  be emi rc’por t cc h to p ro d m mc c  im ccmc nused  tmccul pcuss c~ssed p oten t  s ( i i n n u i m u n u t  m tc ( i v i t y  a lt. ’r inu t r m i ’
su - n I - . n l i , ’ , ’t io t l  ( in c s t cn nd of t m i i e r m n n n - .-e) wh i c i t  Nnsis ted c u -r h m ’ m c n m t h  i mn ~e c t i o mn in ( i c e nil , He m i i . o y lnnn i r e cgoc i inuc
i n c  mdci I.’ 2 for 2 weeks icr m oor s’ mm ft c r t ine d i s c - m c i  Ii m u —  sinus m m p pr ox in i nm m t ely Is’c u  ( i i i  cC’S iti ’.) ru .’ pot c -mn t as m m
auto - c ( if  c u u e , , d i u c , . n 3 ,-c ‘I ol e m. u mcc ’ c to ac id p luysmc ’ t m ! s d n t n c i m i n u i i t  cor mup ni red  to bs’un/ uu v k ’c’ n : u i d m i u i c ’, mu 2 Al ier a -
due r s’i nn k’ m ies ’ ( id Csu u ’mc im n e  l nnrv e  m i d  l .n .’ em n n u ’1n si r ) t . ’d to t u ’ , n  or (I rs p i ac e n ni e di t  of m i c u r u u n m m m i  m m c e m n b r n m m n u e . L s m u t n u d
dev5’l-n p  ( inn rc’pcn tt c ’ d d o s i n i g _ ’~~ I n m m i i i  s lus h — ku 5:s (‘nu 2 (sc h i cl c  m m u c r m n m u i i y I-_c’c’~ ,s f l u e  m u u - a m u i h i m m m n a  ni mm
el cr ot mi c ;nIiv t rm ’,ni c’d wi t h S m n t : kit s o - .  di scs (uf c o t , m l - _ - : t m u ued struts’ ) hr b e c n _ c i r t m n m i : c c m ~s u: u i u i s ’ n m n m - .I 1- _ i c .
c u d _ c I r c u s’ t iv i , , .’ d m m i i r  1 - i  20 ss’c’c’ i m a  and s m u d d e m m I ~ i u u i ’icc ’, , u u u i t i c  c’um ul d c- c i m n c , ’mv , micl v cn ulrs5 ’ a c ’ o u m t -  um uc la—
s ’ ; i t i id r n m s s ’u u fmtr  2 d mm r s ( l il t  m t  sl~~ia ’ n in ny i n i h i m .  - t i u r i m t i  e hu nm m t g e  in n u c i c m b r ’ n n m e  p m o t c ’ i u u :s _ Is ’ n ud i : c g  Ru
drm i ss tm i s y n u i p t i u n m c s  or m mf tc ’r—du ’~u n c ss i c u c n . Rs’s t n n n i p t i c m ni c l r m c n i c ’cs im i p c r m n n s a n u b i h i l v  t i c N :c m tn td K . u l c ’ h u u !m r i / n I _

i i !  S cu // I_ c : ‘n C ,  ( lui se p n u s t ’ i . . cd SCsLn r C cu c n , ’, t d s c ’ m u i s , t i r ic u ‘if  n u l e m l i b m r u n i e . acid  m ’x c i ( n n t m .u ry ( ‘ f l e e t s .  (‘‘ ‘ n -_ cur—
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