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ABSTRACT

Investigations were completed concerning the hydrolysis of cocaine
and certain biological effects of selected ecgonine alkaloids derived
from coca leaf. The alkaloids were cocaine, ecgonine methylester,
benzoylecgonine, and ecgonine,

Analytical and hydrolysis procedures were developed to evaluate the
hydrolysis of cocaine in a variety of alkaline media. In non-enzymatic
systems of pH greater than 1l ecgonine methylester was found to be the
major. intermediate in- the hydrolysi5~of cocaine to ecgonine. Cocaine
was shown to rapidly hydrolyze in these systems, inéluding those of the
alkaline materials used‘in thé chewing of coca leaf, i.e., EEEEE: The
rapid hydrolysis of cocaine to ecgonine proceeds via two parallel path-
ways, one involving'benzoylecgonine as an intermediafe and the other,
greatly favored at pH vélues greater than 11, ecgonine methylester.

Measurements of the energy metabolism.of»rats indicaﬁed'that_signi-
ficant depression of respirétdry gquotients occurred in rats fed a low
protein—high carbohydrate diet containing cocaine, ecgonine methylester,

or benZdyleCéonine. Ecgonihe waé without effect.‘ Since available data
showed that cocaine did not change. the urinarf nitrogen output of rats
maintained on the low pfotein diet, the changeé in respiratory quotient
point to changes in the relative utilization of fat and carbohydrate for
energy metabolism. The depressed-respiraﬁory'quotients would therefore
indicate an increased relative utilization of fat in the rats. The
results of the metabolic studies involving ecgonine methyiester in rats
receéiving loﬁ protein-high éarbohydrate_diets:werebdonfirmed,by resultéﬂ,

. of whole body analysis studies in mice similarly treated. The increased




relative utilization of fats found in rats was consistent with the reduced
whole body triglyceride levels found in the mice. When administered con-
currently with oral xylose test solutions, cocaine increased the absorp-
tioﬁ of xylose while ecgonine decreased xylose absorption.

A preliminary single-rat experiment showed that ecgonine methylester
is excreted in the urine of the rat in larger amounts than benzoylecgonine
following the oral administration of cocaine while benzoylecgonine is the
major urinary metabolite following éubcutaneous cocaine administration.

The,resulté of the present research provide good evidénce that
cocaine alone is not responsible for the biological effects associated
with coca chewing. The hydrolysis products of cocaine, in particular
ecgonine methylester, must play a greater biological role than previously

realized in coca chewing.

- ii -
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‘CHAPTER I INTRODUCTION

I - A Erythroxylon coca

1. Pharmacognosy

Erythroxylon coca is a hardy shrub growing to a height of about 1

meter in the mountainous uplands of South America, primarily in the Andes
of Peru and Bolivia, and to a lesser extent in the mountains of Mexico,
the West Indes and Java (1, 2). The coca plant with its delicate tea-like
leaves is cultivated in the valleys of these regions at altitudes of about
6000 meters above sea level. The crops are cared for in large plantations
with‘leaf harvesting ﬁaking place several times annually.

The species of coca which is found in the South American regions
containg the greatest amounts of cocaine, corresponding to about 0.6% of
the‘dry weight of the leaf material (3). The leaves contain at. least 14
alkaloids o% the ecgonine, tropane, tropeine, and hygrine classes-(4).
The ecgonines, including cocaine, are the most abundant. |

2. Coca Chewing

Approximately half the poPulations of Peru.and.Bolivia are coca
chewers  or cogueros (5). This represents about 6‘million people'in.these
Ny twoycoﬁntfies alone. Coca chewing is practiced in' Ecuador, Chile, and
~Colombia as well,.where.coca-is also:extensively cultivated.

The origin of coca chewing is lost in history (6). Tw§ thousand years
-ago coca chewing formed an intégral part of many religious and medical
practices. It was'pérformed in these ancient;timeé by tribal priests. and

nobility in various ceremonies, but today coca chewing is not restricted to

‘the upper class. In.fact, coca chewing is practiced primarily by the lower

class. (7); who chew between 30 and 200 gramsvof the dry leaf daily. 1In

Peru alone this represents 8.5 million kilgfams-a-yearﬂ(a).




2.

The coca chewers place about 10 to 20 grams of the leaf into their
mouths and masticate this material into a bolus, swallowing whatever com-
ponents are extracted into the saliva. WNo expectoration takes place during
the chewing process. The chewing takes place several times during the day
but usually before, during, and after meals. In practice, the chewers add
a second material to the bolus of coca leaf in the mouth. Depending upon
~the locale, either a burned limestone substance is added in powder form by
means of a saliva-wetﬁed stick or a bite is taken from a hard cake-like
substance composed mostly of ashes from a burned plant.material. The
burned limestone substanée is called ishku and the cake@ ash substance is
called llipta. Both of these materials reportedly produce alkaline con-
ditions in the mouth and are believed to aid in the extraction of cocaine
from the leaf bolus. More coca leaf and alkaline material is. added as the
chewiﬁg process continues. The'daily dose of cocaine if all the cocaine in
the leaf material chewed were absorbed unchanged could amount to 500 to
1000 mg-.

Early research on coca chewing has been biased from the point of view ‘
that the chewing was seen as an effort on -the part of .the native to obtain
cocaine and thereby experiehce some ~desirable salutary-effeét.‘ Theiboca
chewer haé been viewed as a poorly nourished, overworked, and inadequately
clothéd individual who is able to endure the hardships of his life. through
an addiction to cocaine (Q)f Efforts to prove that this is the case have
not been successful. Early research reports that blood leVéls~of cocaine
in the chewers following coca chewing are very low or non-existent ().
More recent investigations,vhowever,;fepdrt significant blood levels of’
fcocainerfoligwing‘coca_chewipg_(iO);’ Much'controversy exists as-to whether

it is indéea,thelcocaine that is responsible for the.effects‘produéed’by




chewing coca leaf. In fac¢t, Mortimer postulated in 1901 that certain
metabolic breakdown products of cocaine may play an important role in the
physiclogical and metabolic effects of coca chewing (1l1). Cocaine is un-~
stable at the alkaline pH most likely existing in the coca leaf bolus,
which should lead to rapid hydrolysis to benzbylecgonine and ecgonine (12,
13). Unfortunately, however, early work on the recovery of coca alkaloids
from the ufine of coca chewers does not differentiate among the alkaloids
assayed (14). The alkaloids found may not have been cocaine alone.
Several facts are known concefning the practice of coca chewing.
The coca chewers have a difficult life at high altitudes being exposad
to low oxygen tensions,and cold temperatures yet they appear to function
and work adequately. They subsist on diets that are high in carbohydrates
but adequate in vitamins and minerals.  These diets are low in fats and -
protein as compared to diets in areas of high standafds of living. The
coca chewer consumes,larée amountévof coca.leaf regularly. ‘There is no
evidence, however, that addiction occurs to or that highs tesult from
" this coca cheWing. Nonetheless, the popular belief persists that the
coca. chewer is'able to dull his senSeswagainst his»hardships and even
possibly 1lift his spirits above his meagre existence in a harsh and
demanding environmeﬁt.

I - B Cocaine and Related Ecgonine Alkaloids

1. Chemistry

Cocaine is an -ecgonine alkaloid closely related to the three ecgo-
nine alkaloids: -benzoylecgonine, ecgonine,methylester and "ecgonine shown
in Figure 1 (3). Cocaine is an organic base with a pKa of 8.39. It is

very soluble in chloroform and almost insoluble in water. As the




ECGONINE

ALKALOID Ry Ry
COCAINE - O - (0Cg
Poone - (0Gef
METHYLESTER ) U - H
ECGONINE. - H - H

H- HYDROGEN. CHz- METHYL, COCeHs— BeNzovL.

Figure 1. The ecgonine alkaloids.




5.

hydrochloride, cocaine is very water soluble. Hydrolysis of the methyl
.ester function in cocaine produces benzoylecgonine with a pKa of 11.80
which has an appreciab;e water solubility even as the free base. Hydroly-
sis of the benzoyl ester function in cocaine produces ecgonine methylester
with a pKa of 9.16 and solubility characteristics similar to cocaine (3).
Hydrolysis of both eSter‘functions in cocaine produces ecgonine. Ecgo-
nine is amphoteric-with a pKa of 10.91 and is very water soluble (3).
Cocaine and benzoylecgonine and usually isolated as the free bése while
ecgoninevmethylester and ecgconine usually as,the~hydrochloride salts.
Cocaine is prepared from extracts of the cocé leaf in high yields
(15) . It is usually supplied commercially as the hydrochloride salt.
- Benzoylecgonine, ecgonine methylester_and ecgonine are prepared from
cocaine because their isolation from the natural source is very ineffi-
cient. These four alkaloids have been separated and quantitated by a
number.of different proceduresvincluding paper (16), thin layer {(17),
ion-exchange (18), gas (19), and high—preésure liguid (20) chromatography.
Spectrophotometric (21, 22) and immunological methods (23, 24) have also
been employed. The structu:e, stereochemistry and important physicd—'
chémistry properties of the ecgonines have been‘worked out for :some
Ctime (25-27).

2. Pharmacology

Cocaine was introduced into Europe after the Spanish conquest of
South America in the sixteenth‘century but was ignored until the early
eighteenth century when cocaine was popularized by such figures as
‘Sigmund Freud.and Sir‘Arthur;Conan‘Doylefslsherlock Holmes (1). It

seemed that up to the early l900‘s-every medicinal remedy sold contained




6.

significant amounts of cocaine. The ever popular beverage Coca-Cola was
no exception, originally marketed as a remedy for headaches and hang-
overs. De-cocainized coca leaf material is still emploved in the secret

recipe of Coca-Cola today.

Cocaine possesses a variety of pharmacological actions (28, 29).
The layman knows of cocaine's central nervous system stimulation which is
the basis for its high abuse potential. The medical prqfession uses
cocaine primarily for its local anaesthetic properties. Cocaine is an

excellent local anaesthetic and is the forerunner of all local anaesthe-

ties. It blocks nerve impulse transmission along nerve fibres and also

blocks the neuronal re-uptake of endogenously released norepinephrine.

The localized vasccnstriction’produced by cocaine's blockage of the
re-uptake of norepinephrine prolongs the anaesthetic effect of cocaine

and also keeps surgical fields free of blood. This accounts for cocaine's
‘use today.aS'a local anaesthetic in ophthalmic surgery. Other local

- anaesthetics iack this intrinsic action of cocaine and reguire specific

- vasoconstrictors in their formulation. The action of cocaine to biock

the neuronal re~uptake of neurotransmitters-is employed -as a tool in

pharmacological:researéh into ‘the mechanism of action of new -autonomic
and ‘psychotropic agents.
. Cocaine administered to man and animals has been shown to produce

elevated body temperatures, increased metabolic rates, increased heart

rates} increased respiratory rates, elevated blood pressures, elevated
- blood sugars, anorexia, and generalized vasoconstriction and central
' nervous system stimulation. Most of these effects are brought about by

adrenergic’stimulation‘produced or enhanced. by cocaine. ' Rather than a
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tolerance, a sensitivity develops to repeated doses of cocaine with the
initial response being produced by progressively smaller amounts of
cocaine (30). Physiological aependence on cocaine does not occur but

rather psychological dependence or habituation. With respect to the

central nervous system stimulation, the drug-induced effects are subject
to wide and varied interpretation on the part of the subject with the
actual effect ranging from simple mood elevation to total euphoric

excitement (31, 32). This range of effects. is dependent not only upon

dose and route of administration but also upon the individual and his/her
environmental circumstance.

It has been thouéht that cocaine acts only through the adrenergic
system but it has been shown that cocaine can affect the cholinergic
system as well and that the fesulting effects are very dose dependent
(33).

The pharmacologiqal effects produced by cocaine following orai éd—
ministration‘have not.-been fully investigated. Some recent preliminary
data suggést that cocaine produces the same and sometimes greater central

effects when administered orally as compared-to the intranasal route of

administration (34). The validity of these results is in some doubt
because of the lack of proper controls in the study. The reported
effects are short lived and to be maintained cocaine must be administered

repeatedly regardless of the route (1).

Cocaine has been shown to cause hepatotoxicity upon chronic adminis-
tration to mice (35). When cocaine was administered to rats as'part of
their diet, changes were observed in the levels 0f:certain'liver enzymes

and serum globulins regardless of ‘whether the diet was low or high in:




protein (36). The growth of these animals was not affected by the

‘cocaine added to the diet. The rats fed the low protein diet alone

developed histologically confirmed fatty livers while those fed the low
protein diet supplemented with cocaine displayed no similar histology.
Cocaine inhibits cellular respiration, an effect believed to be mediated
through the blockade of entry of two-carbon fragments into the citric
acid cycle (37, 38).

| Cocaine has been shown to produce in animals elevations in serum-
lactate and triglycgridéé,-which appear to be mediated'by cocaine's
enhancement of the action of endogenéusly released norepinephrine (39-41).
In most instances cocaine has been shown to enhance the action of nor-
epinephrine. Some research of muséle physiology, specifically involving
creatine synthesizing and phosphorylase enzyme activity, showed that
cocaine’inhibited the stimulating action of norepinephrine in this
system»(42). |

The pharmacology of benzoylecgonine is not completely known.

Benzoylecgonine appears to be without local anaesthetic activity (29);

it is capable of producing central‘nervous.systemfstimulation only. when

‘administered~ihtracisternally (43) . Little is ‘known about the“pharmaco—‘

lbgy of ecgdniné methylester. It has been shown to be w1thout local
anaesthetlc and central nervous system act1v1ty in animals (29, 44y.

' Ecgonlne, the ultimate product of cocaine hydroly51s, would be
expected to be devoid of pharmacologlcal activity, but apparently this
is -not the»case‘(45). When ecgonine was investigatea-as-a mixture with

small amounts. of cocaine in a'ratio of 10 parts ecgonine to 1 part

.cocaine, 'a pronounced anticholinergic effect -was observed in isolated




9.

rat duodenum preparations (46). One report states that ecgonine, adminis-
tered subcuténeously, was able to improve the physical performance of
mice treated with depressant drugs or surgical brain lesions (47). Ecgo-
nine, however, has been found to have no local anaesthetic action (29).
Available pharmacological and biochemical studies concerning the

effects produced by coca chewing have been crude and poorly controlled
(48, 49). The measured increases in oxygen consumption, heart and res-
piratory rates, and body temperatures were attributed fo the adrenergic
action of cocaineﬁ One: report indicates that the measured effects were
enhanced when the cocé leaf was chewed with alkaline material and reduced
with dilute hydrochloric acid (50). Clinical differences found between
coca chewers and non-coca chewers have included reductions in serum pro-
tein and cholesterol and reduced haemoglobin and haematocrit levels in
the chewexs (51, 52). These differences have been attributed to the coca
wbrsening an already poor nutfitional state'in the native (53). One fact
vaious throughout these studies is that no effort was made to determine
iffcocaine was directly responsible for any of the reported observations.
"Most importantly, much of this early work was'biased in its conception
trying to show‘coca»chewing~detrimental to the welfare of the chewer.
‘Many such studies were sponsored by organizations whose main efforts to
solve. the coca problem were directed toﬁards the eradication of the prac-
tice of coca cheﬁing; that coca chewing could possibly produce beneficial

effects was a foreign'éXpectation.

3. Hydrolysis and Metabolism
Cocaine has been known to be unstable in alkaline media; it has been

suggested ‘that it hydrolyzes to benzoylecgonine and ecgonine- (13, 21).

e e B e e o e L S e s e s
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It is thought that ecgonine methylester appears as a cocaine hydrolysis
product only in systems incorporating esterase enzymes. Ecgonine
methylester has been found to be formed when cocaine is administered to
animals or incubated with serum preparations (54-56); The accepted
overall hydrolysis profile of cocaine is depicted in Figure 2. The
hydrolysis pathway from cocaine to ecgonine in systems involving ester-
ase enzymes results in both benzoylecgonine and ecgonine methylester
being produced as intermediates, while the hydrolysis of cocaine in non-
enzymatic systems is thought to produce only benzoylecgonine en route to
ecgonine (12). It has been reported that not all mammalian esterases

can hydrolyze cocaine. Hydrolysis of cocaine has been observed in plasma
but this hydrolysis can be prevented by pre-treatment of the plasma with
physostigmine which blocks cholinesterase activity but is without effect
‘on‘other,esterases (54, 57). Cocaine is most stable at a pH of 2.0 (58).
Earlier studies of the hydrolysis of cocaine which reported the disappear-
ance_of cocaine to be slow in élkaline solutions were likely in error.
The analytical techniques employed then.were unable'to differentiate
other ecgonine alkaloids from cocaine.(59).: The ability of éniﬁal‘urine
to hydrolyze‘docainé‘to benzoylecgonine and ecgonine has not been‘fuily
investigated (60). ‘Whether cocaine undergoe5~hydrolysis,when-crossing
biological membranes is not known.

Benzoylecgonine and ecgonine methylester have not been studied to

: aetermine théirfhydrolySis characteristics. Following the administration
of benzoylecgonine;to animals, ecgonine has been found in the urine (43) .
-Ecgonine- cannot be. further hydrolyzed‘(Gl)}

Some work has been reported on the hydrolysis of ‘coca  leaf material




COCAINE “ ECGONINE

BENZOYLECGONINE

Figure 2. The accepted hydrolysis pathways of cocaine in
enzyme — and in non-enzyme --- systems.
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in alkaline media (62). This work showed that the cocaine released from
the leaf material is subject to hydrolysis. In spite of this, the age-
0ld belief persists to this day that the alkaline materials added to the

coca leaf during the chewing process serve only to aid in the extraction

of cocaine (6).
The metabolism of cocaine is coming under intense investigation by

many researchers. As more information is complled it is obvious that the

metabollsm of" cocalne is not simple (63). All known and proposed meta-

bolites of cocaine are presented in the structural scheme of Figure 3

(63). Most data on cocaine metabolism has been obtained in animal studies.

Similar research in man is confounded by strict govermmental controls on

cocaine and by the considerable risk of acute toxicity associated with its
use. Because cocaine is a drug subject to abuse, most’research in man is
concerned with forensic matters, such as proof. of oocaine use. . Much
scilentific effort has been spent-on providing"incontrovettible~evidence

for the identification of cocaine metabolites in the urine of cocaine g
abusers. Such research has led to significant advances particularly in
the area of analytical methodology (16-23).

Cocaine is.metabolizedgprimarily by ester hydrolysis and N=

.demethylation.: There is some evidence for both ecgonine- . and phenyl ring-~
hydroxylation(s) but the resulting molecula: species have not been abso-

lﬁtely'identified. The principal urinary metabolites of cocaine identi-

fied in animals are benzoylecgonine and ecgonine;7very little unchanged
“cocaine is found in the urine. When ‘tissues are examined, ‘a varlety of
'N-demethylated: metabolltes are found partlcularly in the liver and braln

(64) Although no hard evidence exists: to suggest that the tropane rlng
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- Figure 3. Scheme showing cocaine with known* and proposed metabolites.
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structure of the ecgonine alkaloids undergoes radical transformation, this
must be considered a possibility as studies involving well controlled
procedures measuring total urinary and fecal metabolites could not account
for all of the cocaine dose (65). The polar metabolites of cocaine, e.g.,
- benzoylecgonine and ecgonine, do not uﬁdergo hepatic or other tissue N-
demethylation prior to excretion. It has been found that the N-
demethylating enzymes involved in cocaine metabolism are not inducible
vbut.they can be inhibited (66). In animal studies in which the N-
demethylation was inhibited there was no e&idence of increased central
nervous' system stimulation following cocaine administration indicating a
possible role for cocaine metabolites. The ecgonine alkaloids that have
been specifically investigated have plasma half-lives ranging from 0.5

to 1.5 hours (62, 63, 65). These alkaloids have different tissue distri- -
butions because of different polarities. Cocaine is rapidly absorbed
following intranasal, oral, and topical administration (67-69).

It is clear that there is still much mofe to be studied. As is
often the case with ﬁedicinal agents that have been in use for many
'years, the picture of cocaine is far from complete. It has-been in use
for»thousands of years and yet new information continues to appear regu-

' larly regarding the.unique chemical and biological properties of this
alkaloid. As long as cocaine continues to be a drug of abuse and asb
long as-the "coca problem" among Andean-natives remains unsolved, cocaine
wili continue to demand attention; " Both the medical community and
»govérnmental agencies are becoming increasingly aware of the desperate
need for a fﬁll ana valid appraisal-of-cocaiﬁe to help define its-poten=

tial as a useful or detrimental chemical entity for society.
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CHAPTER II RESEARCH OBJECTIVES

ITI - A General

Coca chewing, as practiced by thé natives of the Andes, involves
mastication of the coca leaves with added alkaline substances and
swallowing the éaliva—extract. Little is known of the chemical fate of
the cocaine released from the bolus of chewed material. Cocaine is
considered to be unstable in acid or alkaline solutions, and early work

(12, 13, 45) suggests that the chemical hydrolysis of cocaine leads to

the products benzoylecgonine and ecgonine. This work, however, was

seriously hampered by the lack of specificity in the assay methodology

used. Ecgonine methylester has been identified as a product of cocaine

- hydrolysis but only in enzyme systems involving cholinesterase (12). 1In

the present research the hydrolysis of cocaine in various media in vitro
will beAinvestigated with particular attention to“identifying the
compounds produced. An attempt will also be made to characterize the
kinetic behavior of the various products involved in the hydrolysis pro-
cess. An in-depth study of the hydrolysis of cocaine in vitro should |
provide some insight into the fate of cocaine upon-its»béing exposed to

the various--agents during the coca chewing process beginning with those

in the bolus and continuing with those occurring throughout the gastro-

intestinal tract.
In considering the poor stability of cocaine in alkaline media, one
could propose that the biological effector in coca ¢hewing may not all

be cocéine.but_possibly scme- hydrolysis product 6f cocaine, alone or

Vtogethervwithvminimal-amounts of cdcaine;"The pharmacological effects

-~ of ‘cocaine following parenteral administration are fairly well known
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(28, 29, 44) but the effects following oral administration are only now
coming under investigation (10, 34). One could certainly expect that the
biological effects of orally administered cocaine or of cocaine exposed to
alkaline media (as occurs in coca chewing) would be substantially different
from effects arising from parenteral cccaine. The biological effects ob-
served in coca chewing could well be mediated by one or more of the hydroly-
sis products of cocaine following absorption across the intestine.

In the past, various models have been proposed to explain the pheno-
mencn of coca chewing. Traditional models depend on cocéine actihg in a
variety of ways. Some suggest that the Andeans chew coca to effect a
drug induced escape from their menial existence, or tﬁat the coca
enablés theﬁ to cope with their harsh environment by dulling their sensi-
bility to pain, hunger, and fatigue, or even‘somehow to improve their
physical performance (2, 5, 70-72). 1In Bolton's model, it is pro?osed
recognizing that the Andean native normally suffers from chroﬁic hypo~-
glycemia, - that the cocainé obtained from coca chewing dulls his hunger
pains and provides him with ready energy (73).

The most recent model,‘the,ecgonime-mcdel proposed by Burchard (6),
shifts the.emphasis fiom cocaine to ecgonine as the poséible mediator of the
effects associated with coca chewing. According to Burchard, in spite of
the native's dependence on a diet high in carbohydratevand low in fat and
protein, ecgonine formed from cocaine,through some process during cocc
chewing bringsbabout an improved food energy‘utilization sufficient for
the~native toccope with his hostile environment. The-underlying
-mechanism is ‘not fully explained,by’Burchard except - that ecgonine by

virtue of certain structural similarities it shares with atropine, an
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anticholinergic agent, stimulates carbohydrate metabolism in states of
limited caloric intact (6).

it would seem that Burchard's ecgonine model has real merit. The
concept that ecgonine may exert biological effects by virtue of its
structural similarities to atropine has limited significance. Burchard's
model, however, is successful in questioning the sole impertance of cocaine
as the mediator of the bioclogical effectekof coca chewing. As a background
argument. in support of this model, if all the cocaine contained in the coca
- leaf chewed in one day were absorbed unchanged, the coca chewer (because
"reverse-tolerance" develops to certain non-central pharmacological effects
‘of cocaine; elevation of blood pressure, increased heart rate, etc.) would
‘eventually suffer acute toxicity. Also, there is no e&idence for the deve-
lopment of addiction as a part of the coca chewing practice. Cocaine cannot
be singly involved. All this suggests tﬁat cocaine has only'a minor, if any
at all, direct role in the biological effects of coca chewing.

Besides ecgonine,'however, the other possible hydrolysis,products of
‘cocaine must also be taken into account in ekplaining the‘biological
“effects of-coce'chewing. It is difficult to conceive how ecgonine alone
‘among the several hydrolytic products of cocaine, especially since its
highly polar nature would argue-against it, could elicit the effects
originally attributed to coceine. The present investigation has been
dndertaken‘primarily to evaluate‘in intact’laboratory'aﬁimals firstly
the effects of cocaine-and its hydrolytic products (administered indi-
vidually as feed-adjuncts). on the relative utilizatibn-of dietary carbo-
"~ hydrates -and fats, and- secondly their. effects on the intestinal absorp-

“tion of carbohydrate substrate material.
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II - B Ecgonine Alkaloids - Hydrolysis

As has already been explained, cocaine released during the coca
chewing process runs a gauntlet of chemical agents, each of which is
capable of causing hydrolytic cleavage of the cocaine molecule: the

added alkaline substance (ishku or llipta), salivary enzymes, storhach

acid and pepsin, and intestinal buffer-fluid enzymes. The hydrolysis
profiles ig_giggg of cocaine, ecgonine methylester and benzoylecgonine
will be evaluated in a variety of acid and alkaline media designed to
mimic the ig_zizg_condition. The’hydrolysis:will be carried out at 37°C.

Inasmuch as hydrolysis of the estef function is a highly time-
dependent process, the kinetics of the hydrolysis of each éf the.sevéral
alkaloids will be elaborated, Kinetic models will be developed, and the
applicability of a single general model will bé tested. Of particular
interest is whether or‘not the hydrolysis of cocaine. can be represented
by the sum of the two first-order ester-hydrolysis reactions. Whé;ever
possible, theéretical hydrolysis profiles based on theoretical equations
:-using - the best esﬁimates of the reaction rate constants will be fittad
to thé experimentally defived'hydrolysis»data.

Since-it-would‘be of tremendous:inte:est to know whether any of the
- alkaloids chemically derived from cocaine through hydrolysis could be
- formed in-the»intact.animal, a.preliminary. study will be conducted in the
rat to aetermine which of the ecgoﬁine alkaloids.appears‘in the urine
fbllowing the administration of cocaine. Both oral and subcutaneous
administration willvbe:tried.. Partiéular interest will be not only in

whether cocaine, .ecgonine methylester, benzoylecgonlne, or ecgonlne will

- be found in the urine but also in what relatlve amounts.
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Available extraction-assay methodology will not be directly appli-
cable for the determination of the several alkaloids expected as products
in the hydrolysis reaction and as metabolites in the urine of the cocaine-
treated rat. The gas chromatographic procedure developed by Moore (74)
with the capability of determining cocaine, benzoylecgonine, and ecgonine
in single samples of cocaine bulk drug material will be refined for the
simﬁltaneous*determihation of these three alkaloids together with ecgo-
nine methylester.

II - C _Ecgonine Alkaloids - Biological Effects

1. Energy Metabolism

In the harsh Andean environment, the coca chewer must sustain him-
self on a diet high in'carbohydrate and low in both fat and protein’(75,
76). It is not clear what the overall picture of -energy metabolism is in
such a state of food deprivation nor how metabolic homeostasis is preser-
ved. In some as yet unexplained.way coca seems to provide protection
against the obviously inadequate diét. vOnce each of the intermediateé
and/or products of cocaine hydrolysis has been identified by the proce-

- dures outlined in the hydrolysis study, evaluation of the nutritional
r=effec£s can be carried out. Accordingly, a comprehensive study will be
carried out in the rat of thevéffects produced by cocaine  and.each of
its possible hydrolysis products on energy metabolism, more specificélly
ﬁpon»thevrelative‘utilization of carbohydrate and‘fatvas metabolic sub-
strates. Overall metabolicieffects in the intact animal can-be best'and
most easily assessed in.terms of cxygen*consumption>and respiratory
Quotieht. Respiratory quotient'Valﬁes:becﬁmé elevated with-increaséd

~utilization of carbohydrate, and. become’ depressed with increased
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utilization of fat (77-79). For the purpose of this research, measurements
of oxygen consumption and carbon dioxide production need not be basal but

will be standardized and taken without bias in animals with respect to

time and manner of treatment.
Growing rats (100-150 g) will be maintained on specially prepared
semi~synthetic diets high in carbohydrates and low in both fat and protein,

but adequate in all other nutrients. Since coca chewing is practiced

just-érior to, during, and just after meals, it will be appropriate to
administer the.test alkaloids to the rats on their daily diet (6).
Paired-feeding of the control rats according to the foodvintake of the
treated rats will.be followed to make allowance for possible changes in
the amount of food consumed, brought about by the added alkaloid.
Measurements of weight changes, food intake, and respiratory gas exehange
will be taken daily for each test animal.

2. Intestinal Carbohydrate Absorption

The intestinal absorptive mechanisms of the coca chewer are sub-

jected to extremely high carbohydrate loads because of high -carbohydrate

diets. Little is known of whether coca chewing helps in the transport
of carbohydrate substrate across. the intestine. 'A'study will be performed
“in rats to investigate the effects of selected ecgodnine alkaloids upon

the intestinal absorption of carbohydrates.

The xylose absorption test will be employed. It is doubly suited for
‘this study in that it is a well established test-indicator of the intact-
- ness of intestinal absorption (80), and it uses xylese as the test sub-

stance which’ has been shown ‘to share with glucose the same transport

mechanlsms in the intestine. (81) The latter characterlstlc enables-
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xXylose absorption test results to be interpreted specifically as a measure
of carbohydrate absorption. This is particularly advantageous because
of the need to evaluate how the intestine handles high lcads of carbo-

hydrate in the diet.

3. Mouse Whole Body Composition

Measurement of respiratory quotients is a reliable, direct method
for making an overall assessment of the relative utilization of -
carbohydrates and fats as substrates for energy ﬁetabolism. Alone, how-
ever, respiratory quotient estimates can only be used to detect metabolic
shifts from one substrate to another. In circumstances wherein nitrogen
balance is maintained, changes in respiratory quotientsbindicate the:
direction in which metabolism is proceeding: that is, toward more or less
'carbohydrate metabolism than fat metabolism.  But changes in resplratory
quotients offer little information as to how the sw1tch comes about, or
what changes in the‘composition of body tissues might accompany such
changes.  Direct examination of the levels of carbohydrate, fat and
protein in the boay‘wbuld~help pinpoint-the substrate_as energy source.

‘In the‘present research, ﬁhe enefgy metabolism studies will be sup-
plemented by a separate study of the ﬁossible,effscts.offselected ecgo-
nine alkaloids on the whole body composition. The laboratory mouse will
be chosen as the test animal. The small size of the mouse will permit
circumventing some rather difficult'technicalbproblems.associated with
‘the required homogenization procedure. The basic methodolqu to bé‘fdl-
:lowedffor'determining.whqle body Qomposition‘will_consist~df whole mouse
homogenlzatlon in.the ultrasonlc/grlndlng apparatus, allquot sampling of

-the ‘homogenate, and assay of the allquots for ‘carbohydrate- (as glucose
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and glycogen), fat (as triglycerides), and nucleic acid—protein (as total
nitrogen). The total body nitrogen value will be important to correct

the values of the other components for possible differences in mouse

body weights.

Significantly, the approach presently described for determining
mouse whole body composition is a novel one. Little data are available
-on the principal individual‘body components of  the mouse. Relevant

literature as a whole originates in nutrition-oriented research in which

gross estimates are made instead; fat is determined in terms of total
ether-extractable fat and carbohydrate simply by difference, i.e., as
what is not accountable as fat, protein, mineral, and water. Protein,
in terms of total nitrogen, is usually the only accurately determined

‘component .




CHAPTER III EXPERIMENTAL

III - A Ecgonine Alkaloid AsSay

l. Materials and Equipment

Cocaine ‘hydrochloride (Lot #81046/4801) was obtained from Allen

Hanbury Chemicals, Toronto, Ontario, Canada and samples removed for use
were stored under vacuum over phosphorus pentoxide. N, O=pbistrimethyl-
silylacetamide (BSA) and Silyl-8 column conditioning agent were purchased
- from Pierce Chemical Company, Rockford, Illinois, USA and stored‘at 4°cC.

Gas chromatographic column packing materials. were purchased from Chromato-

graphic Specialties Ltd., Brockville, Ontario Canada. Chloroform was
distilled frésh prior to use. All other chemicals and solvents were
reagent grade and were used without further purification. All agueous
solutions were prepared in doubly glass-distilled water.

Gas chromatographic analyses were performed in a Hewlett—Packafd
Mcdel HP 5711 gas‘chromatograph (GC). equipped with flame ionization de-
tectors and a temperature programmable oven. Two-meter long by 2 mm
internal diameter glass columns were ﬁsed~in the GC.

2. Methods

Ecgonine methylester hydrochloride, benzoylecgonine, and ecgonine

hydrochloride were synthesized according to established procedures (90,
91) and stored until use under vacuum over phosphorus pentoxide. The

melting point of each of the alkaloids was determined and compared to

its literature value. The Rf values obtained for the alkaloids were
verified in established thin layer chromatographic systems.
The GC method .employed was a modification of Moore's GC method (74).

The glass columns used  in the GC were pre-rinsed with BSA and then packed
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with the coated solid support materials; minimal amounts of silanized
glass wool were used to hold the packings in place (82). For the hydroly-
sis studies Gas Chrome Q was used as the solid support while Chromosorb
W-HP was employed for the urinary excretion study. Both solid supports
were 80—iOO mesh and were coated with 10% OV-101 by the solvent evapor-
ation technique. The packed columns were conditioned and maintained

with periodic 50 pl injections of Silyl-8. Although the Chromosorb W-HD
solid support was also tried in the urinary excretion study in an effort
to obtain cleaner Chromatograms,vthe performance of the two columns in

terms of resolution, response, and retention times was identical for the

‘alkaloids and the internal standards.

The operating conditions of the GC included gas flow rates of nitro-
gen carriex gas at 40 ml/min with air and hydrogen optimized at 240 and
30 ml/min, respectivelyf The injeétor port. and detector block tempera-
tures were both maintained at 300°C and the oven temperature programmedA
from 170°C to 250°C at 16°/min. The attenuator settings were 1.6 x 10—9
and 4 x‘lO—lo for the hydrolysis and ‘the ufinary,excretion study, respec-
tively. |

For the assay procedurekin the hydrolysis study,Aa methanolic solu~
tion containing cocaine HCL, benzoylecgonine, ecgonine methylester HCL,
and ecgonine HCl was prepared each at a concentration of 0.5 1g/ul calcu-
lated as the free base. A separate methanolic solution of theophylline
at 0.75 ug/ul was prepared for use as the internal standard. When not in

use these solutions were stored at 4°C. To elaborate the standard assay

 curve 100 ul of 0.6 N HCl in 2-propanol was added to each of six separate

15 ml assay tubes equipped with Teflon-lined screw caps. Teh, 25, 50,




25.

100, and 200 wl of the stock alkaloid standard solution were added to

five of the tubes. To the sixth tube 200 il of methanol were added; this
sample was used as the reagent blank. To each of the tubes 100 uwl of

the theophylline internal standard solution (0.75 ug/wl) were added. Each
tﬁbe was taken to dryness at 50°C under a stream of nitrogen and the resi-
dues obtained taken up in 50 ul of BSA. The tubes were tightly capped,
‘mixed and heated in a water bath at 7Q°C for 10 minutes. Following cen-
trifugation and vortexing of the tube. contents 1-2 ul bf the BSA sclution
were chromatographed. 'Standard,assay curves were drawn for cocaine, ben-
zoylecgonine, ecgonine methylester, and ecgonine by plotting the peak
height ratios of the individual cocainea, benzoyleégonine—trimethylsilyl
(-TMS) , ecgonine methylester-TMS, and ecgonine-TMS peaks to the theo-
phylline-TMS peaks versus the original amount of the corresponding alka-
loid in the sample tubes,.namely: 5, 12.5,. 25, 50, and 100 ug.

The: procedure followed for the extraction of alkaloids in the hydro- -
lysis studies was a modification of the method of Misra, Nayak, Bloch and
Mule (44). To 250 ul of the hydrolysis sample in a 15 ml tube, 5 ml of
chloroform/2-propanol 2:1 were added, followed by .250 mg of anhydrous
_ potassium carbonate. The tube was vigorously hand shaken 15 times and
then shaken for 3 minutes on the flat-bed shaker. The tube was centri-
fuged to separaﬁe-the,contents intobtwo phases. ‘Four milliters of the
upper organic phase were transferred to a fresh tube containing 100 ul
of 0.6 N HCL in 2-propanol. Following-the addition of 100 ul of the

theophylline internal standard solution (0.75 ug/ul) the tube contents

a -, . ! .
Cocaine is unreactive to BSA
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were taken almost to dryness at 50°C under nitrogen. The sides of the
tube were washed down with 1 ml of the extracting solvent and the tube
was taken to dryness. Following dissolution of the residue obtained in
50 ul of BSA, the samples were processed in the GC in the same fashioh as
were the standards. Recoveries of each alkaloid in 250 U1l agueous samples
containing alkaloids at 20, 50, 100, 200, and 400 ug/ml concentrations
were determined. From these recoveries working standard extractiqn—
aésay curves were elaborated for use in the assay of samples obtained in
the hydrolysis studiesf

Separate standérd assay curves for the alkaléids. were employed for
vthe urinary excretion study. A methanolic solution of the four alkaloids
together Was prepared at a concentration of 0.2 ug/ul of each alkaloid
calculatea as the: free base. The internal standard was caffeine»prepared
in meﬁhanol at a-concentration of 0.15 ug/ul. To establish standard
assay curves for cocaine, bénzoyledgonine, ecgonine methylester, and
ecgoniné 100 ul of 0.6 N HCl in 2-propanol wefe added to five separate
sample tubes. Ten, 25, 50, 100, énd 200 4l of the stock alkaloid standaxrd
solutioﬁ (0.2 ug/itl) were added to the tubes. Tovéachrof the tubes were
- added lOO ul of the caffeine internal‘standard solution (0.15 ug/ul) and
the tube contents were evaporated to dryness ét 50°C under nitrogen. The
residue obtained was taken up in SC»ul of chloroform/methanocl 1:1. The
tube contents were mixed aﬁd‘l-Z k1l of the solution was analyzed in the
GC.V Upbn injection of these underivatized'samples the cocaine, ecgonine
methylester, and caffeine will separate on the column. Standard assay
curves. for cocalﬁe and ecgonlne methylester were drawn by plottlng the

peak- helght ratlos of the cocaine and ecgonine methylester to the caffeine
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peaks versus the original amount of each alkaloid in the sample tubes.

The final solutions remaining from the cocaine and ecgonine methyl-
ester GC analysis were evaporated to dryness as described above. The
residues obtained were taken up in 50 nl of BSA. The tube was tightly
capped, mixed, and heated at 70°C for 10 minutes. Following centrifuga-
tion and mixing of the tube contento, 1-2 yl of the BSA solution were
chromatographed on the GC column which had been pre-flushed with 25 ul
injection of BSA. Standard assay curves for benzoylécgonine and ecgonine
were established by plotting the peak height ratios of the benzoylecgonine-
TMS and ecgonine~TMS peaks ﬁo the caffeine peaks versus the original amount
of the alkaloids in the sample tubes.

The extraction—assay procedure for the alkaloids in the urine was
quite involwved. For the éxtraction of cocaine, benzoylecgonine, and
ecgonine methylester.from rat.urine, 5 ml of chloroform were added to 1
ml of rat uriné in a 15 ml tube followed by the addition of 50 pl of a
saturated solution‘of potassium. carbonate. Ihe tube Was-oapped and the
contents vigorously hand shaken 15 times and shaken for 3 minutes on the
iflat—bed*shaker-and céntrifngedjas described previously. The ubper
aqneous layer was aspirated off and discarded; 4 miiliters~of the lower
organic layer were transferred to a fresh tube containing 100 pl of 0.6
N HCl in 2-propanol. To each tube 100 ul of the caffeine internal stan-
dard solution (0.15 ug/ul) were added and the bube contents were taken
almost to‘dryness at 50°C under nitrogen. The sides of the tube were
washed down with 1 ml of chloroform‘and the tubekcontents were evaporated
to dryness. The residue obtained was taken up in' 50 ul of chloroform/

methanol 1:1; the resulting solution was mixed and 1-2 ul were
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chromatographed for the determination of cocaine and ecgonine methylester.
The final solution remaining from the cocaine and ecgonine methylester GC
analysis was evaporated to dryness and the residue obtained taken up in
50 ul of BSA. The tube was capped, mixed, and heated at 70°C for 10 min-
utes. Following centrifugation and mixing of the tube contents, 1-2 ul
of the BSA solution were chromatographed in the GC column which had been
pre-flushed with a 25 ul injection of BSA for the determination of benzoyl-
ecgonine.

The extraction of ecgonine from rat urine was performed on a separate
1 ml rat urine sample. To the 1 ml rat‘urine sample in a 15 ml tube, 5 ml
of chloroform/2-propancl 2:1 were added followed by the addition of 1.2 g
of anhydrous potassium carbonate. The tubes were capped, shaken, and cen-
trifuged as previously described. Four milliters of the upper organic
layer were transferred to a fresh tube containing 100 ul of 0.6 N HC1l in
2-propanol aﬁdvthe tube contents were evaporated almost to dryness. The
sides of the tubeé were washed down with 1 ml of extracting solvent and
the contents evaporated.to dryness. The residde obtained was taken up in
50 ul of methanol/&ater 1:1 and the solution obtained was mixed and
streaked in its entlrety onto thin layer chromatography plates. coated
with silica gel G. 'The plates were developed in system 'N! of Noirfalise
and Mees (83) and the silica gel with the band corresponding to ecgonine
was scraped -into a fresh tube and extracted with 5 ml of methanol by
shaking for 5 minuteSvonothe flat-bed shaker. Following‘centrifugation
‘of the silica gel-extract suspension, four milliters of the methanol
. supernatant were transferred to a fresh tube contalnlng 100. pl of 0.6 N

HC1 -in 2—propanol.' To. the tube 100 ul of the caffelne internal standard
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solution (0.15 pg/ul) were added and the contents of the tube taken almost
to dryness, the»sides of the tube washed down with 1 ml of methancl, and
the contents evaporated to dryness. The residue obtained was taken up in
50 ul of BSA, the tube tightly capped, mixed, and heated at 70°C for 10
minutes. Following centrifugation and mixing of the tube contents, 1-2

Ul of the BSA solution was chromatographed for the determination of ecgo-
nine.

Recoverieé ofreach alkaloid from blank rat urine spiked with each
alkaloid at concentrations of 2, 5, 10, and 20 ug/ml were determined.
From these recoveries working standard extraction-assay curves were ela-
borated for use in the assay of rat urine samples obtained in the urinary
excretion study.

III. - B Ecgonine Alkaloid Hydrolysis

1. Materials and Equipment

'All.chemicals and solvents used were as previously described in ﬁhe
assay section. The tubes used for fhe hydrolysis were 15 ml round bottom
PyrexR tubes equipped with Teflon-lined screw caps. A Thermolyne tempera-

~ture controlled water bath set at 37°C was used.
2. Methods

The concentration range of the ecgonine alkaloids in the hydreolysis
'study was chosen to duplicate as closely as possible the concentration
that would occur in the gastric fluid if 10—30 g of coca leaves were
chewed and all the extractable alkaloid content was swallowed. Gastric
fluid volume usually ranges between 50 and 100 ml (84).  If all of the
alkaloids from the leaf material wére released during the chewing process

the resulting total alkaloid concentration would be 2 to 3 mg/ml, or in
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terms of the individual ecgonine alkaloid possible present, roughly 500
ug/ml. Also, because coca chewing is practiced at or near mealtime when
gastric fluid volume would be somewhat increased, the concentration of
each alkaloid chosen for each hydrolysis test was somewhat reduced to
400 ug/ml.

Cocaine HCl, benzoylecgonine, and ecgonine methylester HCl solutions
were prepared separatelykin methanol at a concentration of 10 ug/ul. To
a separate tube,v4OO ul of the methanolic solution of the alkaloid under’
‘study was added and the solution evaporated to dryness. To the alkaloid
fesidue 10 mi of the hydrolysis medium under invéstigation,‘Warmed to 37°C
in the water bath were added. The tube was inverted several times and
placed in the water bath at 37°C. At timed intervals, the tube was re-

- moved, inverted ﬁwice,vand a 250 ul sample was. taken and placed in a fresh
lS ml tube and immediately processed through the hydrolysis study extrac-
tion and asséy prbcedure. The addition of the organic‘solvent and potas-
sium carbonate terminated the hydrolysis. Each hydrolysis sample was run
in duplicate simultaneocusly.

- - The hydrolysis media studied included distilled water, 0.1 N HCL,
simulated gaStri;:fluid USP, pH 7.3 phosphate buffer, simulated intes-
tinalkf1Uid Uusp, EH'lO phosphate buffer, pH. 1l glycine bgffer,'0.0l N
and 0.04 N solﬁtions of NaOH and Ca(OH)Z, the supernatants from 4 mg/ml
aqueous dispersions of ishku and llipta substances both prepared at 37°C.

Determinations.were made of some of the constituents ‘and pH values of

these supernatanﬁ ishku and'llipta solutions.
At each sampling time the amounts of' each of the alkaloids found -

present in the hydrolysis medium were calculated as the percentage of
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the total micromolar (uM) composition of ecgonine alkaloids in the
hydrolysis solution.

A kinetic model was elaborated to describe the hydrolysis concen-
tration-time profile for each alkaloid. Integrated equations were de-
rived using the technique of Laplace Transforms from the differential
equations describing the rate of hydrolysis of the several components in
the kinetic model. To obtain estimates of the first-order formation rate
constants for benzoylecgonine and ecgonine methylester a unique procedure
was devised whereby the overall first-order disappearance rate consﬁant
of cocaine was partitioned between the two formation rate constants by an
iteration-process on.the basis of the peak ratios obtained experimentally
between benzoylecgonine and ecgonine methylester. The integrated equa-
tions were'employed to elaborate theoretical concentration-time profiles
for each of»theycomponents in the hydrolysis model which were then fitted
to the experimental concentration-time data.

IIT - C Ecgonine Alkaloid Urinary Excretion

1. Materials and Equipment

All chemicals and solvents used were as previously described. . One
large male Sprague Dawley rat (ca. 600 g) maintained on regular-Pﬁrina
Rat ChowR was used. for this preliminary study. A stainless stéel meta-
bolic cage equipped for the separation of urine and feces wéS'emploéed.'
2. Methods
A stock solution of cocaine HCl in normal saline was prepared at‘é
concentrationkof 10 mg/ml calculated as the free basé and stored before
‘use at 45C. - Following an overnight fast the ratgwaé.désed~intragastrically

at 20'mg/kngith'the cocaine solution. One week later, again following an
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overnight fast, the rat was dosed subcutaneously at 10 mg/kg with the
same cocaine stock solution. In both experiments the rat was placed in
the metabolic cage, and urine was collected for the next 24 hours in a 25
ml graduated cylinder containing 1 ml of 0.1 N HCl. Each collection was
split into 2.5 ml fractions and kept frozen at -40°C until assayed. The
several urine samples were assayed for ecgonine alkaloids by the urine
extraction and assay procedure.

IIT - D Rat Energy Metabolism

l. Materials and Equipment

The ecgonine alkaloids studied were those previously described.
Semi-synthetic diet components including vitamin-free casein, D(+)
crystalline sucrose, dextrin (white, technical), vitamin diet fortifica-
tion mixture,.Alphacel, and Jonés-Foster biological salt mixture were
purchased from ICN Pharmaceuticals Inc;, Cleveland, Ohio, USA. Mazola
Corn 0il Was used as the dietary fat component. A Hobart mixer was
employed for the mixing of the semi-synthetic diets. The reéular rat )
diet was Purina Laboratory ChowR with a labelled percent caloric composi-

tion -of 24% protein and 9% fat. Male Sprague Dawley rats, 100-140 g,

- were used. - Compressed air'was'hospital grade ~and was used as purchased
without further treatment. Oxygen and carbon: dioxide analyses were pexr-
formed in a Micro- Scholander Gas Analyzer manuractured by Phipps and

Bird Co., Richmond, Virginia, USA.

The metabolic chamber used for the energy metabolism measurements
is presented in Figure 4. It was constructed from a glass desiccator of
about 2500 ml‘capacity. The 1id of the desiccator was modified to incor-

porate a 5 mm inlet hose nipple and also a combination 5 mm cutlet hose
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Dlagramatlc representation of the apparatus e
measurements in rats.
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‘ nipple ground-glass thermometer fitting. The floor of the chamber was
made from aluminum screening material and was positioned ovér a 3500 g
lead.weight at the bottom of the desiccator. Water proof grease was used

as a seal between the 1lid and bottom of the desiccator. The 1id was held

in place with two spring clamps. Air was supplied to the chamber from a
tank of compressed air at a rate of 250 ml/min set with a regulator-needle

valve arrangement at the air tank. The rate was checked at both the in-

let and outlet ports of the chamber with a bubble meter. The air was

warmed prior to entering the chamber by passage through a glass coil

immersed in a 30°C water bath. The outlet air from the metabolic chamber
was collected in a 6 liter spirometer. The stainless-steel bell of the
spirometer was weight suspended in the spirometer cylinder. The water
jacket around the spirometer was. covered with a 1 cm layer of heavy
liquid petrolatum. To make measurements on a rat, the animal was sealed
in the metabolic chamber, and the whole unit lowered into the»large water
bath. The.waﬁer was circulatéa between the large cylinder and the 30°C
water bath by means of a temperature controlled circulating heating pump

and a large capacity return siphon. The large water bath was positioned

on a 5> cm thickness of woven fiber pad. This arrangement minimized noise
and vibration in the chamber.
2. Methods

Semi-synthetic diets were prepared according to the formulations

presented in Table 1. The sucrose supplied was in granular form and was
powdered with a hand grinder prior to formulation. The Purina Laboratory
Chow Pellets were also powdered in this manner. The diet mix incorporat-

ing the test alkaloids was prepared with a mortar and pestle in 200 g
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Table 1. Compositions of low and high protein semj-synthetic diets.

| LOW PROTEIN - HIGH PROTEIN
| IN(?REDIENT GRAMS  KCAL % TOTAL KCAL  GRAMS KCAL % TOTAL KCAL
CASEIN -8 390 10 217 950 25
pECRIN B4 2500 65 21 2080 5
SUCROSE 159 50 16 36 50 13
crvOIL 31 270 7 7
VITAMINS 20 70 2 2 70 2
MINERALS 50 - - 50 ~ -
CELLULOSE 30 - - 30 - -
TOTAL 1000 3820 100 1000 3870 | 100

13
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amounts at 1 mg/g of test alkaloid. The bulk semi-synthetic diets were
prepared in 2500 g amounts wi;h~the Hobart mixer. Mixtures composed of
both thé'sem;—synﬁhétic ané po&éefed Purina dieté'were also prepéred at
percent compositions of 25%, 50%, and 75% of semi-synthetic diet. The
semi-synthetic/Purina diet mixtures were employed to phase the rats from

100% Purina pellets to 100% semi-synthetic over a 5-day period. Prior to

use all diet mixtures were stored at 4°C.

Separate trials of 12 rats each (6 control and 6 treated) were

completed with the following:

1. Cocaine/Low protein semi-synthetic diet,

2. Ecgonine methylester/Low protein semi—synthetic diet,

3. Benzoylecgonine/Low protein semi-synthetic diet,

4. Ecgonine/Low protein semi-synthetid diet,

5. Cocaine/gigg_protein semi-synthetic diet.

The rats for each trial in the metabolic study were brought into
the laboratory in groups of 12 raté each at a Weight of 120 % 10 g.
They were individﬁally caged  in a temperature-light controlled room.
Fresh water was providéd'at.all times throughout the study. Purina

pellets were offered to the rats for the first 24-hour period. Subse-

quently, they were offered food in weighed amounts of 25 g, 1in powdered
form, beginning with the 100% powdered Purina pellets on Day 1, then the

25%, 50%, and 75% semi-synthetic/powdered Purina mixtures .on Day 2, Day

3, ahdvDay 4, respectively. Finally, on Day 5 the rats were fed the 100%
semi-synthetic diet for 3 days. During this period the rats were allowed
to 'eat ad libitum. After the third day of 100% semi~synthetic diet, the

rats were weight-paired into two groups of ‘six rats'each. The groups
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were randomly assigned by a coin-toss to either the control or treated
group of the trial. The treated group continued to receive the semi-
synthetic diet ad libitum, now spiked with test alkaloid at 1 mg/g. The

control group was pair-fed with 100% semi-synthetic diet to match the

food consumption of their weight-mates in the treated group. All rats
were weighed, fed, and freshly watered prior to 9:00 AM on each day of

the trial.

On each day, beginning with the end of the first 24-hour period on

the 100% semi-synthetic diet (Day 5), metabolic measurements were made

on each rat in the trial always at the same clock-time between 9:00 AM
and 4:00 PM. The rat was placed in the metabolic chamber and the chamber
was sealed, clamped, and lowered into the large water-bath. A 10-minute
period was permitted for the animal. to acclimatize and the temperature

‘ to reach equilibrium at 306C. A 3-way stopcock valve was opened to allow
the collection of all outlet air from the metabolic chamber into the
spirometer. The collection period was 15 minutes long as timed by a
stopwatch, which resulted in collecting 3700 to 3800 ml of outlet air.

At the end of. the 15-minute -collection, the 3—way stopcock valve was

positioned to allow for containment of the collectad outlet air in the
spirometer while allowing the continued flow of outlet air from the
metabolic chamber to exhaust into the room air.  The volume of air

collected in the spirometer was recorded and the rat was reémoved from

‘the metabolic chamber. ' The chamber was cleaned and ‘the next rat was
» placed in the chamber and readied for measurement. The order of the
rat medsurements was randomly- assigned on the first day -and this order

. was followed subsequently throughout the trial. While the next rat was
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acclimatizing, the sampling valve of the spirometer was opened and the
first liter of collected air from the previous rat was allowed to escape;
by means of a Bailey bottle the next 30 to 40 ml of the collected air
wes sampled. The sampled air was analyzed for oxygen and carbon dioxide
content by the micro Scholander method (85). At the beginningvof each
day of metabolic measurements, the entire procedure was run without a

rat; this served as the baseline measurement of the oxygen and carbon

dioxide content of the tank air. The oxygen consumption, carbon dioxide

'production,:and respiratory quotient of each animal was calculated each
day of the metabolic test period.

III - E Xylose Absorption in Rats

1. Materials and Equipment

The ecgonine alkaloids used were the same as those previously speci-
fied. D(+) xylose (Lot #722505) was obtained from Fisher Scientific Co.
Ltd., Winnipeg; Manitoba, Canada. All other chemicals and solvents were
reagent grade»and were used as purchased without further purification. |
The rats used were male, Sprague Dawley rats weighing between 100 and
© 200 g. All absorbance measurements of solutions were made with a Bausch

and Lomb Spectronic 20. Spectrophotometer. The eolutions for absorbance

measurements were prepared in specially selected Bausch.and: Lomb Spectronic
20 test-tubes.

2. Methods

All rats in the study received the xylose test solutions intragastric-
“ally. The xylose test solution was prepared by dissolving D(+) xylose in
water to make a’solutioh of 100 mg/ml xylose such that a dose of 5 ‘ml/kg

- provided a:xy105e'dose of 500 mg/kg.. The xylose test solutions containing -
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additional materials, i.e., alkaloids, for simultaneous administration

were prepared as follows:

1.

The

Xylose test solutions with cocaine HCl, benzoylecgonine,

ecgonine methylester HCl, or ecgonine HCl were prepared

in water such that a dose of 5 ml/kg of the solution

provided 500 mg/kg xylose and 10 mg/kg of the alkaloid
calculated as the free base,

Xylose test solution with atropine sulfate was prepared
in_water such that a dose of 5 ml/kg provided 500 mg/kg
xylose and 0.15 mg/kg atropine calculated as the free
base,

Double-strength xylose test solution was prepared in

water such that a dose of 5 ml/kg provided 1000 mg/kg

'xXylose.

three trials of‘the Xylose study were:

Four pairs of rats were randomly selected from each of
the trials of the metabolic study. After Day 17 of
the metabolic trial the rats,; following an 18-hour.

fast, received the xylose test solution without

‘additional materials at a dose of 5 ml/kg intragas-

trically. Each rat was placed in a metabolic cage

and urine was collected for the next five hours,

-Fourteen rats within a narrow weight range were

brought into the laboratory and individually caged

in -the temperature-light controlled room. The rats

were provided»withvfresh:watef.daily~and phased
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into the 100% semi-synthetic low protein diet as
previously described. After the second day of receiving
the 100% semi-synthetic diet, the rats were deprived

of food for 18 hours and then grouped into seven pairs.

The pairs were randomly assigned to the control or 1
of 6 treated groups. The control pair was processed
as in xylose absorption trial 1. Each treated pair
received 1 of the'6.xylose test solutions which

contained additional materials for simultaneous ad-

.ministration (cocaine, benzoylecgonine, ecgonine
methylester, ecgonine, atropine, or double-strength
Xylose) . Followingvthe intragastric adminiétration
of the respective solutions, the 7 pairs of rats were
progessed as in xylose- absorption trial 1.

3. Twenty-four rats were brought into the laboratory and v i
handled similarly to those in xylose absorption trial
2 up to the stage of pairing. In this trial the .24

rats were weight-grouped into 8 groups of 3 rats each.

-In each group the. individual rats were randomly assigned
either to be a. control or to receive 1 of 2 different
treatments. One treatment was the xylose test solution

with cocaine and the other treatment was the xylose

" test solution with ecgonine. The control group received
the xylose'tést solution without additional materials.
 Following the intragastric administration of the test

- solutions' the rats were processed as in xylose absorption




41.

trial 1.
In each trial the 5-hour collections of rat urine were diluted to 250 ml
before being assayed for xylose.
Xylose determinations were made using the méthod’of Ree and Rice

(86) as modified for urinary samples (87). ZXylose standards were pre-
pared in saturated solutions of benozic acid at D(+) xylose concentrations
of 0.1, 0.2, and 0.3 mg/ml. These solutions before use were stored at 4°C.
Para-bromoaniline reagent was prepared fresh daily by dissolving 2 g of para-
-bromoaniline in 100 ml of a saturated solution‘of thiourea in glacial
acetic acid. Diluted ufine samples and sténdards were run in duplicate
together with a duplicate set of reagent blanks. Duplicate sampies of

0.5 ml of the diluted rat=-urines and 0.5 ml of the xylose standards

Qere pipetted into separate tubes. To each fubevZ.S'ml of the para-
bromoaniline reagent was added. The tubes were mixed and one set of

urine samples and standards along with a reagent control was placed in

the dark and the‘other set was. placed in a water bath at 70°C for 10 min-
utes. The heated samples were cooled to room temperature with the aid of
an ice bath and placed in the dark with the blanks fbr‘an additional 60
minuﬁes.' All the tubes were then mixed and the absorbance of the. solu-
tions read at 520 nm in the'SpectrophOtometer, A standard assay curve

was established each day for the xylose standards from which the xylose
concentrations of - the diluted rat urine samples was calculated. Finally,
the percenﬁ'of thé total administered dose of Xylose excreted in the urine

in the 5-hour collection period was calculated for each rat.

III - F Mouse Whole Body Composition

1. - Materials and Equipment
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All solvents and chemicals were reagent grade and were used without
further purification. The ecgonine alkaloids were as previously descri-
bed. The mice were male, albino mice obtained at 12 to 20 g body weight.

A Polytron homogenizer was employed for homogenizing whole body tissue

components. The Spectronic 20 spectrophotometer was uéed for all absor-
bance measurements. The Microijeldahl digestion-distillation apparatus
was used for nitrogen determinations.

2. Methods

Three trials were planned in this study, one a procedural control to

test the assay methodology and the others a cocaine and an ecgonine
methylester trial:
1. Twelve mice were brought into the laboratory and
housed together in-a common plastic cage in the
temperature-light controlled room. These mice were
~provided free access to water and Purina Laboratory
Chow pellets. After two days these mice were killed
and proceséed as a procedural control for .the study.

2. ‘Twelve mice were brought into the laboratory. and

individually housed in separate plastic cages in the
temperature~light controlled room. These mice while
having free access to water were phased into the

low protein semi-synthetic diet as in the rat

‘metabolic studies. After the third day of.receiving
the 100% semi-synthetic diet the mice were weilght-
paired- into two groups of six mice each: one group
was chosen randomly as the control gfoup'and the “- o
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other as the treated group. The mice in the
treated group continued receiving the 100% low
protein semi-synthetic diet ad libitum now spiked
at 1 mg/g with ecgonine methylester. The mice in
the control group were pair-fed with 100% semi-
synthetic diet to match the food consumption of
their weight-mates in the treated group. All mice

v‘in the trial were weighed, fed, and provided with
fresh water daily throughout the exXperiment. After
10 days of test period all mice remaining were
killed and processed as the ecgonine methylester
trial,

3. Twelve mice were brought into the laboratory and
handled in an identical fashion to those in Whole
body composition trial 2 but with cocaine as the

test alkaloid ih,this‘third trial.

At the end of each trial when the mice were killed, each mouse was
placed in a separate aluminum foil envelope and kept frozen at -40°C. At
the time of analysis the frozen mouse was broken into four.or five pieces
and placed in a 125 ml“Erlenmeyer'flésk and cold water was -added to about
75 ml. The contents of -the flask while kept cold in an ice-water slurry
were homogenized with the Polytron homogenizer 30 seconds beyond the time
when mouse pieces were no longer visible. The homogenate was poured into
a 250 ml-graduated cylinder kept in an ice-water slurry. The homogenate
waé brought to-a Llnal volume of: 250 ml w1th cold water washlngs of the

'Erlenmeyer flask and the generator of ‘the homogenlzer “The graduated
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cylinder was inverted several times prior to removal of an aliquot of
the homogenate for assay.

For the determination of nitrogen, duplicate 0.5 ml samples of the
homogenate were pipetted into Kjeldahl flasks and stored until assayed at
-40°C. For the determination of triglycerides, duplicate 0.5 ml samples
of the homogenate were transferred to 15 mi tubes placed:in an ice-water
‘slurry. For the determination of glucose and glycogen, duplicate 0.1 ml
samples of the homogenate were transferred to 15 ml tubes also placed in
the ice-water slurry.

The nitrogen content of the homogenate samples determined by the
Micro-Kjeldahl procedure (88) was used to calculate the total body nitro-
gen of each mouse. The latter was expressed as a percent of dead body-
weight.

The triglyceride content of‘the homoqenate samples was determined by
the methed'of Levy (89) as modified by Teitz (87). Standards of triolein .
were used which were prepared in 2-propanol at concentrations of 1, 2, 3,
4, and 5 mg/ml. Periodate reagent was prepared by dissolving 1.3 g of
sodiﬁm meta-periodate in 100 ml of 0.88 M acetic acid. Acetylacetone
redgent was prepared by diluting 1.5 ml of acetylacetone tovZOQ ml with
2 M ammonium acetate. -To separate 15 ml tubes 0.5 ml of the triolein
standards were added. A blank of 0.5 ml water-was also included. To each
of ‘the 0.5 ml. homogenate samples- and the blank, 0.5 ml of 2-propanol was
added while to each standard 0.5 ml water was added. To all tubes 3 ml
of 2—oropanol were added followed by 1 ml of 0.1 N HZSO4 ‘and 2 ml of
Aheptane in that order. The tubes were mixed for 20 seconds and the con-

- tents allowed to separate by-standing for 10 minutes: To 'specially
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selected Spectronic 20 test tubes 200 ul of the upper heptane layer of
each assay tube were transferred, and 3 ml of 0.0l N alcoholic KOH was
added. The tube contents were mixed and heated at 60°C for 10 minutes.
Next, in order, 100 ul of the periodate reagent and 1 ml of the acetyla-
cetone reagent were added to each tube. The contents were mixed and
heated once more at 60°C for 10 minutes. Following cooling to room
temperature, the absorbance of eaéh solution was read at 412 nm on the
‘Spectronic 20 spectrophotometer.. A new standard curve was established
at the time of each assay with the triolein standards, frém which the
triglyceride content of the hémogenate samples was determined. The total
triglyceride of each mouse éxpressed in texrms of triolein was calculated
as a percent of total dead body weight.

The totai.glucose and total glycogen content of the homogenate
samples Qas determined by the method of Van Handel (90, 91). Aqueous
standards of mixtures of glucose and glycogen were prepared at concentra-
tions such that 100 Ml provided 400/100, 300/200, 200/300, and 100/400 ug
of glucose/glycogen. Anthrone reagent was prépared by dissolving 300 mg
of anthrone in 200 ml of 14 M H2504. To separate 15 ml tubes 100 ul of
the glucose/glycogen standards were added 100 Ul of water in a separate
tube was employed as a blank. To these tubes and to each of those separ-

~ately preparedAwith the homogenaﬁe (0.1 ml), 200 ul. of methanol were added
followed by 50 ul of a saturated solution of sgdium sulfate. The tube
contents were mixed and centrifuged. One milliter of a saturated solution
- of sodium sulfate in 66% ethanol was added to each tube; the tube contents
-.were mixed, centrifuged,:and the resulting supernatant transferred by

Pasteur-pipet to a second 15 ml tube. The 1 ml sodium sulfate/66% ethanol
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extraction was repeated once more. The original tube now contained the
glycogen adsorbed on the precipitated sodium sulfate and the second tube
contained the glucose fraction. To each of the glycogen tubes 500 ul of
30% KOH were added. The mixed contents were heated to 100°C for 10 min-
utes. One milliter of 95% ethahol was added to each of the heated
glycogen tubes; the contents.were mixed and centrifuged and the resulting
supernatant was aspirated off and discarded. The residue was taken up

in 2 ml of water. All the glucose and glycogen tubes were mixed andIZOO
ul aliquots were transferfed to ‘specially selected Spectronic 20 test
tubes and 3 ml anthrone reagent was added to each tube. The tubebcon—
tents were mixed and-heated at 90°C for 20 minutes. The tube contents
were mixed and cooled to room temperature with the aid of an ice bath

and the absorbénce of the final solutions was read at 620 nm in the. Spec-
tronic 20 spectrophotometer, Sténdard concentration curves were estab~-
lished each time at_aésay with the glucose/glycogen standards, from'whiﬁh
the amount of glucose and glycogen in each of the homogenate samples was
calculated. Total glucose and total glycogen content of each mouse was

expressed as a percent of dead body weight.

IIT - G Statistics

A least squéres linear regression procedure was followed for the
elaboration of all assay standard curves. The same procedure was follow-
ed to determine the best:fitting line to the concentration-time data used
for calculating the first-order rate constants for the hydrolysis of
cocaine,-benzoylecgonine, énd ecgonine methylester each followed in a
separate experiment.‘ |

Statistical analysis of animal data for intra-trial comparisons was
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based upon the paired t-test, for inter-trial comparisons on the t-test
for non-paired observations. &all significant differences are reported
as corresponding to a level of at least p <0.05, although in some

instances a higher level of significance was found between differences.




CHAPTER IV RESULTS

IV - A Ecgonine Alkaloid Assay

Benzoylecgonine, ecgonine HC1l, and ecgonine methylester HCl were
each prepared from cocaine HC1 (92, 93) according to the reactions
summarized in Figure 5. The melting point of each alkaloid: cocaine HCL
(19s5°¢), benzoylecgonine (195°C with decomposition), ecgonine methylester'

HCl (214°C with decomposition), and ecgonine HCL (246°C with decomposit-

ioh) compared favorably with its literature value (3, 92, 93). The thin

layer chromatography Rf vaiues for cocaine HCl (0.82) and ecgonine HCL
(0.15) were verified in system 'N' of Noirfalise and Mees (83) while the
Rf values for benzoylecgonine (0.20) and ecgonine methylester HC1 (0.62)
were checked in the thiﬁ layer chromatography system of Wallace et al
(17) and Taylor et al (54), respectively. When all four alkaloids were
run in system 'N' of Noirfalise and Mees (83) it was found that separa-
tion could be échieved<msschematically represented in Figure 6. Visuali-
zation of the alkaloid bands was -achieved by an initial liéht spraying

with Dragendorff's reagent followed in order by a light over-spray with

concentrated H2504 and a 90fsecond exposure to 12 vapours (17). The

cocaine and the benzoylecgonine bands appear red-pink following the

H2804‘dver—spray, while the ecgonine and ecgonine methylester bands

appear red-orange. All alkaloid bands appear dark-brown. following expo~

sure to I2 vapours.

The separation of the four ecgonine alkaloids:r>COcaine, benzoylec~-
gonine, ecgonine methylester, and ecgonine using - the gas chromatographic
(GC) procedure‘described:for‘thé hydrolysiS’study.was excellent. As can

‘be seen from the sampgle chromatogram in-Figurev7 the resolution of the
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several alkaloid peaks together with the theophylline  peak representing
the internal standard was very satisfactory. In these assays cocaine
does not undergo trimethylsilyl-derivatization (-TMS) with N, O-
bistrimethylsilylacetamide (BSA). The chromatographic data are presen-
ted in Table 2. Caffeine also does not derivatize but its behavior in
this system, as expected, is very similar to the theophylline-TMS deriva-
tive.

The extraction recovery data for the alkaloids in the hydrolysis
study are presented in Table 3. The working standard assay curves for the
hydrolysis study were elaborated as shown in Figure 8. All curves were
linear over the concentration range examined; each data point on the curves
'répresents the average of five replicate determinations.

Samples of gas chromatograms of derivatized and non-derivatized
urine extracts from the urinary excretion study assay procedure are pre-
sented in Figure 9. Once more. the separation among the peéks was good |
and interference of extraneous peaks posed no problem in the procedures
followed. The extraction recovery data for alkaleids in urine obtained
" by the:procedufe usea in the urinary excretioﬁ study are pfesented in
Table 4. The working standard assay curves used to»determine the amount
of ‘alkaloid in the original‘urine samples are depicted in Figure 10. Thef
curves were linear over the concentration  range examined; each data point

on the curve represents the average of five replicate determinations.

IV - B Ecgonine Alkaloid Hydrolysis
The ‘hydrolysis profiles of cocaine in distilled water, 0.1 N HCI1,
. ~and simulated gastric fluid USP are presented in Figures 11, 12, and 13,

- respectively. The profiles of cocaine hydrolysis in pH 7.3 phosphate




' Table 2. Gas chromatographic data for the ecgonlne alkaloids and the internal

standards for the analytlcal procedures in the hydrolysis and the :
urinary excretion studies.

ECGONINE ) L ] BENZOYL-_
METHYLESTER ECGONINE = CAFFEINE  THEOPHYLLINE COCAINE  ECGONINE

RETENTION® 050 0.6 100 LWO. L5 1.6

RESPONSE © 2,25 2.70 1.08 1.0 2.1 2,36

As trlmethylsilyl derivatives.

Values relative to theophylline, actual times are X 3 2 minutes.
Equimolar peak height responses.’

“€S




Tablev3. Recovery data for the extraction of ecgonine alkaloids in the
hydrolysis study assay procedure.

BENZOYL- ECGONINE

COCAINE ECGONINE ECGONINE METHYLESTER
AVERAGE PERCENT ,
COEFFfC IENT OF » ’
. b .
VARIATION 3.1 2.3 3.8 ,2‘0

Five replicate determinations at each of the concentrations examined.

L St. iatior
Coefficient of variation = tandard Deviation X 100.

Mean

“vs
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Working standard curves for the amount of ecgonine alkaloid in

the original sample analyzed in the hydrolysis studies. Key: -
cocaine, @- benzoylecgonine, & - ecgonine methylester, A- ecgonine.
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Figure 9.
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Sample gas chromatograms from the
“cedure. Key: A~ urine extract:

vlester, (caf) caffeine,
urine extract: (eme) ‘ecgo

urine assay pro-
(eme) ecgonine meth-
(c) cocaing; B-derivatized
nine methylester-TMS, (caf)
caffeine, (c-i) cocaine plus interfering substance,
(b) benzoylecgonine-T™MS; .C- derivatized urine extract:
(e) ecgonine-TMS, (caf) caffeine.
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Table 4. Recovery data for the extraction of ecgonine alkaloids from

uripe in the urine excretion study assay procedure.

BENZOYL-  ECGONINE- :
(COCAINE  ECGONINE  ECGONINE -~ METHYLESTER
~ AVERAGE PERCENT | |
COEFFICIENT OF
VARIATION & 31 . 55 5.9 3,2

Five replicate determinations at each of the concentrations examined.

‘LS
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Figure 10. Working étandard curves for the amount of ecgonine alkaloid
in the original sample analyzed in the urinary excretion study.

Key: B~ cocaine, @~ benzoylecgonine, ¢- ecgonine methylester,
A - ecgonine. ‘
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Cocaine hydrolysis in distilled water, pH 6.5, at 37 C.
Key: A- cocaine, i}~ benzoylecgonine.
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Figure 12. Cocaine hydrolysis in 0.1 N HC1, PH 1.2, at 37" C. Key: A~ cocaine,
B- benzoylecgonine. :




90 A

1

80

1

70

50
50 -

4o .

PERCENT (%) PRESENT

20

10 1

__.n
e — . Y - S v Y
1 2 3 y 5 6 / 8 12 13 14

TiMe (DAYS)

Figure 13. Cocaine hydroly51s in simulated gastric fluid USP, pH 1.2, at 37° c.
: Key: A~ cocalne,.- benzoylecgonine, ¢~ ecgonine.
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buffer and simulated intestinal fluid USP are depicted in Figures 14 and
15, respectively. The stability of cocaine is evident from its negligible
disappearance in media of PH less than 7. On the other hand at PH 7.3 and
7.5 cocaine undergoes substantial hydrolysis with benzoylecgonine appear-
ing as the major intermediate. The profiles did not change dramatically
when the cocaine hydrolysis was carried out in pH 10 and pH 1l media as
seen in Figures lé and 17, respectively, with benzoylecgonine still being

the predominant intermediate during hydrolysis. In the hydrolysis media

consisting of NaCH 0.04 N or Ca(OH)210.04 N, both beyond pH 11, the cocaine
hydrolysis was very rapid, as can be seen in the respective Figures 18 and
19. The major intermediate produced now as the hydrolysis of cocaine pro=
ceeds to ecgonine is ecgonine methylester.

To describe the hydrolysis of cocaine in strong alkaline media (pH
>11) a kinetic model was elaborated showing the hydrolysis of cocaine
proceeding aleng two parallel pathways both leading to ecgonine as the
final product as depicted in Figure 20. Each pathway consists of two
consecutive ester-hydrolysis réactions. By one pathway cocaine by hydro-

lytic splitting of its methylester function first produces berizoylecgonine

which in turn by hydrolysis of its benzoylester function produces ecgonine.
By the other pathway, the benzoylester' function of cocaine is first hy-
-drolyzed producing ecgonine methylester which in turn hydrolyzes to

' . ' ; L, . . :
ecgonine. In this scheme kl is the first-order formation rate constant

B . 2 » . .
for ecgonine methylester from cocaine, k.  for benzoylecgonine from cocaine,

1
and"ki and k; for ecgonine from ecgonine methylester and benzoylecgonine

respectively. The sum of kiiand ki is equal to the overall first-order

rate constant (K) for the disappearance of cocaine.
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Figure 14. Cocainé hydrolysis in pH 7.3 phosphate buffer at 37  cC. Key: A~ cocaine,
- benzoylecgonine, @- ecgonine methylester, ¢ - ecgonine.

€9




PERCENT (%) PReSENT
8 8 8 8

A

1 2 3 4 5 ¢ 7 3 9 10 11 D
TiMe (HOURS) |

Figure 15. Cocaine hydrolysis in simulated intestinal fluid USP, pH 7.5 at 37 cC.

Key: &A- cocaine, ji§- benzoylecgonine + @®— ecgonine methylester, € - ecgonine.
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Figure 16. Cocaine hydrolysis in pH 10 phoéphate buffer at 37° C. Key: A~ cocaine,
: B - benzoylecgonine, @- ecgonine methylester, ¢~ ecgonine.




) :
UE’ :
&
[
o (

1 2 3 4 5 6 7 8§ 9 1 1 D
| TiME (Hours) |

‘99 .

Figure 17. Cocaine hydrolysis in pH 11 glycine buffer at 37 (. Key: A~ cocaine,
M - benzoylecgonine, @- ecgonine methylester, 4 - ecgonine. !
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Figure 18. vCocaifvxe hydrolysis in 0.04 N NaOH, pH 11.9, at 37" C. Key: A~ cocaine,
- benzoylecgonine , @~ ecgonine methylester, ¢~ ecgonine representing
experimental results and continuous lines ,représenting theoretical profiles.
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Cocaine hydrolysis in 0.04 N Ca(OH),, pH 11.8, at 37° C. Key: A~ cocaine,
[ benzoylecgonine, @- ecgonine me%hylestér,’— ecgonine representing

experimental results and continuous lines representing theoretical profiles.
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Figure 20, The kinetic médel proposed for the hydrdlysis

of cocaine. All k!

s are first order rate constants.
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Differential rate equations were developed applicable to the proposed
model. These equations together with their corresponding integrated forms

are shown in Table 5. K was directly calculated from the disappearance of

2
2:

cocaine in each of the hydrolysis media. The rate constants k; and k
were also obtained-directly by following in separate experiments the
hydrolysis of ecgonine methylester and benzoylecgonine each alone in each

of the hydrolyéis media under study. Obviously the hydrolysis data could

not directly provide values for ki and ki; estimates of these rate constants
were obtained indirectly. After first fixing the value determined for X
and the independently determined values of k; and kg, the value of K

was partitioned between ki and ki by an iterative process whereby their
respective values became fixed upon obtaining two constants which when
used to calculate theoretical peak heights of ecgonine methylester and
benzoylecgonine yielded peaké both equal in proportion to their respéctive
experimentallf observed peak heights. By means of this approach, reason=-

able estimates were obtained for all four of the rate constants needed

in the integrated equations used to fit theoretical profiles to the ex-

perimentally determined hydrolysis data.
Theoretical curve fitting to data was completed for the hydrolysis
of cocaine in 0.04 N NaOH (Figure 18), 0.04 N Ca(OH)2 (Figure 19), 0.01

N NaOH (Figure 21), 0.01 N Ca(OH)2 (Figure 22), and ishku supernatant

solution (Figure 23). In the figures showing the hydrolysis of cocaine
in the strong alkaline media (pH>11), the continuous lines depict the
profiles’ elaborated by the theoretical equations while the individual

points represent the average of two separate experimentally determined

'alkaioid levels at the sampling ‘time in' that particular media. The



Tab‘l_e 5. Equatio_ns_ for the kinetic model describing the hydrolysis of cocaine as depicted in Figure

20.4
CHEMICAL DIFFERENTIAL ' INTEGRATED
SPECIES | | FORM | FORM
| | . _ o Kt
cocAINE () a€ = -K'C C=C"e
'd—t_ .
ECGONINE | Leo e L1,
veTHyLEsTER (EVE) A Kt = ko EME BE = _k'C | (Kot
' dt ‘ . I\l" K
2
BENZOYL~ ) 2,00 e L2,
ECGONINE ® : f§=, Kilc - I\Z-B B= Akl C , (e K - &Ky )
dat 2 K
ko= | ‘
1.0 | 1 :
. 1 —-Kt -kt
EceonINg (F) af = i;EME + 1B E= "11C [ @K - @t +
) :
2 A0 2
MU a-es - gegeetol)
2
K: (k- K |
a All k's are first order rate constants and ’K = ki + ki.
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Figure 21. Cocaine hydrolysis in 0.01 N NaOH, pH 11.3, at 37" c. Key: A~ cocaine,
-j- benzoylecgonine, @~ ecgonine methylester, ¢ ~ ecgonine representing
experimental results and continuous lines representing theoretical profiles.
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Figure 22, Cocaine hydrolysis in 0,01 N Ca(OH)  PH 11.1, at 37° C. Key: &~ cocaine,
m- benzoylecgonine, @ - ecgonine me%hylester,’—- ecgonine Yrepresenting
experimental results and continuous lines repreSenting theoretical profiles.
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Cocaine hydrolysis in ishku supernatant solution, pH 11.7, at 37" cC.
Key: A- cocaine, B~ benzoylecgonine, @~ ecgonine methylester, ¢ - ecgonine

representing experimental results and continuous lines representing theoretical
profiles. '
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depicted in Figures 18 and 19, respectively, is rapid, with ecgonine
methylester appearing as the major intermediate. When the hydrolysis of
cocaine was followed in these two media both at 0.0l N concentration as
shown in Figures 21 and 22, respectively, the pattern of hydrolysis still
favors the ecgonine methylester péthway, but the profiles lock somewhat
depressed and extended Ssuggesting a slower hydrolysis of cocaine in these
alkaline media of lower concentration.

Composition datavcharacterizing the two alk;line substances, iﬂﬁﬁi
and llipta, employed by coca chewers are included‘in Tables 6 and 7, res-
rectively., The igéﬁg_substance, made from burned limestone (CaCO3), is
pProbably Cao with some unchanéed caco3. The llipta substance is more

- complex, having a high proportion of magnesium and potassium attesting
to its plant origin. The‘lliEtavproduced_supernatant solutions that
were not as alkaline- as those résulting from the ishku substance.

The hydrolysis profiles of cocaine in the supernatant solutions of
theée two substances are presented in Figures 23 and 24. The profile of
the igggg.supernatant solution (Figure 23) is charaéteiistic of the 0.04

: N”ﬁaoﬁ,(Figure 18) apd O;O4IN Ca(OH)2 (Figure 19) hydrolyses, ‘with
rapid hydrolysis of the‘cocaine‘and»with'ecgonine methylesﬁer appearing
as the major intermediate. On the other hand, the profile of the cocaine
hydrolysis in the llipta supernatant solution (Figure 24) is characteristic
of the hydrolyses_of cocaine in the pH 10 (Figure 16) and pH 11 (Figure 17)
buffers in which cocaine is relatively slowly hydrolyzed and benzoylecgo-
'ninefappears as the major intermediate.

Comparative values of the overall disappearance rate constant of

cocaine (K) in the several media studied are presented in Table 8. It




Table 6. Some comparative characteristics of the supernatant solution

~ obtained from a 4 mg/ml dispersion of ishku substance in water
and a saturated (0.04 N) calcium hydroxide solution.®

CALCIUM
HYDROXIDE ISHKU #1 ISHKU #2

CALCIUM (MEQ/L) 38.9 8.6 38.8
RESIDUE (4G)P 7.2 7.0 7.1

PH | 11.8 | 11.6 1.7

Calcium assays by the Clinical Chemistry Department, Health Sciences
Centre, Winnipeg, Manitoba, Canada.
Resulting from the evaporation of 5 ml of the supernatant solutions.

"9L




‘Table 7. Some chemical characteristics of the supernatant solutions
obtained from 4 mg/ml dispersions of llipta substance in

water .2
LLIPTA #] LLIPTA #2
CALcruM»MEQ/L' | 2.5 4,0
MAGNESTUM MEQ/L 24,0 20,0
SODIUM MEQ/L 2.0 2.0
POTASSIUM MEG/L /4.0 50.0
PH 10.8 10.3

Assays by the Clinical Chemistry Department, Health Sciences Centre,

Winnipeqg, Manitoba, Canada.
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Figure 24. Cocéine hydrolysis in llipta supernatant solution, pH 10.7, at 37 C.
Key: A~ cocaine, M- benzoylecgonine, @ - ecgonine methylester, ¢ - ecgonine.
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Table 8. Comparison of cocaine first-order dis-
-~ appearance rate constants in different
hydrolysis media studied.

B SOLQTION of K (vl
HYDéOCHLomc acp 0.1 M 1.2 0001 é
SIMLATED arTric I 1.2 0003
DISTILLED WATER 6.5 L0003
’PHOSVPHATE BurFer 0,04 M 7.3 | L0540
SIMJLATED INTéshNAL UsP 7.5 1118
| mséwms BUFFER 0014 M 10.0 6153
GL‘YCINEvBUFFER 0.04M 11,0 1.4534
SODIUM HYDROXIDE 0,04 M - 11,9 | 9.5520
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is obvious from the higher values of K that the hydrolysis of cocaine is
more rapid in the more alkaline media. The data indicate that cocaine
is stable at a pH less than 7. Above pH 7 its stability steadily de-

Creases as the pH increases until at a PH greater than 11 the hydrolysis

of cocaine is nearly complete in 25-30 minutes. When the concentrations
of NaOH and Ca(OH)2 media were each reduced to 0.01 N, the K values were

reduced dramatically. The higher K values for the solutions of Ca(OH)2

as compared to the values for the NaOH solutions at the same normality

indicate a facilitative or possibly a catalytic role for Ca++ in the
hydrolysis of cocaine. Some other interesting facts become apparent when
one considers the rate constants of the different reaction Steps involved
in the hydrolysis ofbcocaine in various media (Table 9). Of the foﬁr
»pessible hydrolysis steps the hydrolysis of the benzoylester function in
the intact cocaine molecule'(ki) is the fastest reaction, while the
hydrolysis of the methylester funetion in the intact cocaine molecule (ki)
is the slowest reaction. The hydrolysis of the benzoylester function in
benzoylecgonlne (k ) is faster than either the hydrolj51s of the methyl—

ester function in the intact cocalne molecule (k ) or in ecgonlne methyl-

1
~ester (k7).
B _
Additional information can be obtained when ratios of some rate
constants for the several reactions involved in the several media are

2
-examined. These ratiocs are .presented in Table 10. .The k]l_/kl ratio

relates to which pathway is preferred during the hydrolysis of cocaine
: to'ecgonine, i.e., the ecgonine methylester pathway (k ) or the benzoyl-
ecgonlne pathway (k ). Accordlngly, since in each instance in Table 10

thls ratlo (k /k ) ‘is greater than one, the ecgonine methylester pathway




Table 9. Comparisoh of firstforder rate constants (minrl) corresponding to the different
reaction steps involved in the hydrolysis of cocaine abcording.to the model de-
picted in Eigure 20 as obtained in Various alkaline (pH>10) media. ;
| L " H s 12 1 2 1
~ SOLUTION. CONCENTRATION P ko Ky K, K3
CALCIUM CaaN e :
A 0.04 N n8 4 e @ 7
SODIWM ’. | T
ISHKU b | 1.7 138 116 1220 0440 (777 *
CALCIUM '
P 0,01 N ol 0% w3 06 (BI5GB
SOD UM 3 | | | a
SODIu 0,01 L3 .00 .BEl 0109 BB 068
LLIPTA e 10.8 0121 - - - -

“I8

-a '1 2
“ K=K + K
5 1 1

Supernatant solution resulting from 4 mg/ml dispersion in water.




Table 10. Comparison‘of'ratios of some first-order rate constants for the reactions involved
’ .in hydrolysis of cocaine according to the model depicted in Figure 20 as obtained
in various alkaline (pH>10) media. '
- | , 1, 2 2, 1 1, 2 2, 1

SOLUTION CONCENTRATION A ky /K ky /K ky /K,
CALCIUM v ' -
CALCIM 0.04 N 18 7.2 2,53 145 0.48

SODIUM W

Sobit. . 0.04 19 7.6 174 1.76 0.40

ISHKU a 1.7 52 1.77 1.49 0.50

CALCIUM B |

CALCUM - 0.01 N L1 3.7 1.25 1.10 0.37

SODIUM | | '

I 0.0L N 1.3 3.9 L3 L 0.34

a:]

Supernatant solution resulting from a 4 mg/ml dispersion in water.
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. . 2 .
is favored over the benzoylecgonine pathway. The ki/k2 ratio shows rather
unexpectedly that the hydrolysis of the benzoylester function in the

intact cocaine proceeds at a faster rate than the hydrolysis of the same

ester function in the less hindered benzoylecgonine. In a more expected
, 2 L .
fashion, the kl/k; ratio indicates that the hydrolysis of the methylester

function in the intact cocaine proceeds at a slower rate than the hydroly-

sis of the same ester function in ecgonine methylester. The values ob-

tained for the lshku supernatant solution show that: cocalne hydrolysis in
this media proceeds in a manner very characteristic of the hydrolysis
found in the more concentrated NaOH and Ca(OH)2 solutions.

IV - C Ecgonine Alkaloid Urinary Excretion

The. results of the preliminary rat experiment involving the oral
and the subcutaneous administration of cocaine are Presented in Table 11.
The amounts of each alkaloid excreted in the urine of the rat for the
first 24-hour period following dosing is expressed as a rercent of the
total cocaine dose administered. The total alkaloid excretien is greater

following the subcutaneous route .of  administration than after oral admin-

istration. 1In the case of  the subcutaneous-route, the bulk of the alka-
loid excreted was made up of benzoylecgonine, but in the case of the oral
route ecgonine methylester. The amount of unchanged cocaine excreted in

the case of this one rat studied was greater following the parenteral

- than after'enteral‘administration.*-Nonetheless, following either route
of.cocaine'administration»the'urinary excretion of ecgonine was minimal.
In theipresentvresearch only the simple'ester‘hydrolysis products of

cocaine were of particularvinterest~ For this reason no N-demethylated ‘

vmetabollte of ‘cocaine was examlned w1th respect to the analytlcal proce~

dure employed. The possibility'exists,.therefore,-that the BSA derivatives



. _ : a

Table 11. Twenty~four hour rat urinary excretion

of ecgonine alkaloids followlng cocaine
administration.

% TOTAL DOSE RECOVERED

" ALKALOID . - .
INTRAGASTRIC® SUBCUTANEOQUS
COCAINE 0.1 5.1
BENZOYL- »
ECGONINE 8.3 .4
ECGONINE
METHYLESTER 1.1 6.7
ECGONINE 1.4 | 2.1
TOTAL 20.9 59.3

a
One rat, 600g
20 mg/kg cocaine given as the hydrochlorlde
10 mg/kg cocaine given as the hydrochloride.

‘8
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Profiles of dai_ly respiratory quotients (Key: @~ control group, A -

treated

group) and‘oxygen consumptions (Key: O- control group, - treated group) for

rats in the ecgonine/low protein trial.
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Figure 27. Profiles of daily respiratory quotients (Key: M- control group, & - treated
group) and oxygen consumptions (Key: O- control group, O~ treated group) for
rats in the ecgonine methylester/low protein trial.
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- Power failure in the laboratory.
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Figure 28. Profiles of déily respiratoty quotients (Key: i~ control group, A- treated

group) and oxygen consumptions (Key: (O- control group, O~ treated group) for
rats in the cocaine/low protein trial. '

"88




1.05 L ‘ o r 1.9

o
U1<
| -
(G

Oxveen ConsuvPTioN (M/G/HR)

S

RESPIRATORY QUOTIENT
—
~

'\i
\n
—
W

A T

W
S

. . . . . . . 1.2
10 I 2 B 1 15 16 17
TRIAL Day

i
o
oo
w

Figure 29. Profiles of daily respiratory quotients (Key: B- control group, A- treated
group) and oxygen consumptions (Key: O- control group, - treated group) for
rats in the cocaine/high protein trial.
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Figure 30.
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Profiles of daily respiratory quotients for rats in the different metabolic
trials. Key:O-~ control/low protein: (=== - + gne standard deviation), A~ ec-
gonine/low protein, @- benzoylecgonine/low protein, ¢ - ecgonine methylester/
low protein, y- control/high protein, - cocaine/}g_vi protein, {7}~ cocaine/high
protein. :

o :
Power failure in the laboratory.
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Figure 31.

TrRIAL Day

Profiles of daily Oxygen consumptions for rats in the different metabolic
trials. Key: O~ control/low protein (227 - + one standard deviation), &-
ecgbnine/low protein, @~ benzoylecgonine/low protein, ¢~ ecgonine me thyl-
ester/low protein, - control/high protein, - cocaine/low protein, [J~- coc-
aine/high protein. T

a Power failure in the laboratory.
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Or norcocaine, norbenzoylecgonine, norecgonine methylester, and norecgonine
can be co-chromatographed with their non-demethylated counterparts,

IV_- D Rat Energy Metabolism

The results of the metabolic trials are profiled in Figures 25
through 31. Summaries of the energy metabolism data together with some
information concerning food intake and weight gain are presented in
Tables 12 through 16. Other thah hyperactivity qbserved in the rats of

the treated group during the cocaine/low protein trial, no adverse effect

was observed in any of the rats of the study. No animal died during  any
of the trials of the énergy metabolism study. All rats grew regardless
of which diet they received. The only trial in which there was a signi-
ficant‘difference between the weight gain of the treated as cempared to
its pair-fed control was the ecgonlne methylester/low-proteln trial in
which the treated group gained 51gnlflcantly more weight over the experi-
mental period (Table 14). This occurred in spite of the fact that food
consumption, because of paired-feeding, was the same for both the control
“and treated groups. The treated group of the benzoylecgonlne/low protein

trial galned substantially more welght than its control but this ‘gain was

not significant.  The treated'groups of these two trials, the ecgonine
methylester/ and the benzoylecgonine/low_protein trials, were the only
two groups of rats to show a decrease in carbon:dioxide production as

compared to their respective controls.

The oxygen conéumptidns of all alkaloid treated groups in each trial
except that in the cocaine/low Protein trial were not significantly
different from that of their respectlve control groups. In. the case of

the cocalne/low proteln trial the treated group had oxygen consumptlons

that were substantlally greater than the control -group: (Table. 15) This



Table 12, Summary of enexgy metabolism data for rats® over the experi-
' mental period (Day 8«17 incl.) in the ecgonine/low protein
‘trial.
CONTROL - TREATED E

RESPIRATORY | |
aoriem 1.039 1.043
OXYGEN . : §
CONSUMPTION 1.507 1.505 ‘
ML/G/HR
PERCENT | %
WEIGHT GAIN 16.3 14.5
DAILY FOOD '
CONSUMPTION - 17.4
GRAMS

Six controls and six treated, pair-fed.

"E€6




Table 13. Summary of enexrgy metabolism data for ratsa over the experi-
mental period (Day8-17 incl.) in the ‘benzoylecgonine/low pro-
 tein trial. :
CONTROL TREATED
RESPIRATORY g P
OXYGEN
CONSUMPTION 1.732 1,719
ML/6/HOUR
PERCENT
WEIGHT GAIN 18.3 23.6
DAILY FOOD
CONSUMPT ION 16.6
GRAMS
a Six controls and six treated, pair-fed.

Control and treated significantly different at P <'.05.'
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Table 14. Summary of energy metabolism data for rats® over the experi- g
mental period (Day8-17 1ncl ) in the ecgonine methylester/low ‘
proteln trial.

CONTROL TREATED f
RESP IRATORY | b | b |
OXYGEN §
CONSUMPTION 1.611 1.721 :
ML/G/HR | | :
PERCENT b b g
WEIGHT GAIN >.8 9.6 ?
DAILY FOOD
CONSUMPT 10N 11.0
GRAMS

Slx controls and six treated, pair-fed.
Control and treated significantly different at p< .05,

1)




Table 15.  Summary of energy metabolism data for rats® over the experi-

mental period (Day8-17 incl.) in the cocaine/low protein trial.

CONTROL

TREATED
RESPIRATORY b qp7b
QUOTIENT 1.038 867
OXYYGEN. : b : b
CONSUMPTION 1.580 1.978
ML/G/HR
PERCENT
WEIGHT GAIN /.1 8.3

DAILY FOOD
CONSUMPT ION
GRAMS

12.2

a-Six controls and six treated, pair~fed.
Control and treated significantly different at p < .05.
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Table 16. Summary of enérgy metabolism data for rats® over the experi-

mental period (Day8=17 incl.) in the cocaine high protein
trial. '

i
‘
|
,
‘
.
g
i
i
i
i
:
;
p

CONTROL * TREATED
RESP IRATORY |
QUOTIENT 804 797
OXYGEN - | | ;
CONSUMPTION 1.520 - 1.480 g
ML/G/HR |
PERCENT .
WEIGHT GAIN 12,5 11.5
DAILY FOOD :
CONSUMPTION 14,4
GRAMS I
Six controls andvsix treafed, pair-fed. O
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increase occurred in the only group which displayed hyperactivity.
The respiratory quotients of the alkaloid treated groups of the

several trials: benzoylecgonine/low protein semi-synthetic diet (Table 13),

ecgonine methylester/low protein semi-synthetic diet (Table 14), and
cocaine/low protein semi-synthetic diet (Table 15), were significantly

lower than the respiratory gquotients of their respective control groups.

The respiratory quotients between the treated and control groups of the

ecgonine/low prbtein (Table 12) and of the cocaine/high protein (Table

16) trials were not significantly different.

When the ecgonine alkaloids’aré ranked with respect to their ability
to lower the respiratory quotient of rats maintained on low protein semi-
synthetic diets, ecgonine methylester produced the greatest significant
depression followed 'in order by cocaine and benzoylécgonine; ecgonine was
without measuréble effect. What mayvbé of signifiéant physiological sig- i
ficance is the finding that'néither the cocaineQelicited elevation of
oxygen consﬁmption:or depression of the respiratory quotient found in the
cocaine/lgg_protein trial occurred in the cocaine/gigghprotein trial.

The results of the daily determinations of the oxygen and: carbon

dioxide concentrations in . the tank air used for the present metabolic
studies are presented in Table 17.  Duplicate determinations of the

samples were performed in a matter of 5 to 10 minutes.

A sample of the calculation of the metabolic barameters is presented
in ‘Table 18.
. Average daily urinary total nitrogenfexcretion data available from

a separate trial involving rats on a.cocaine/low protein semi-synthetic




Table 17. Summary of analyses by the M;cmwscholander method of tank-air used in
the metabolic studies, ; j
TANK #1 TANK #2 :
0 0 w0, 0
PERCENT |
COMPOSITION 0.095 19.431 0.043 21,145
COEFFICIENT |
OF VARIATION 4.2 0.7 4,7 0.2
SAMPLES | :
ANALYZED /0 39

"66
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Table 18. Sample energy metabolism calculation,

TANK AIR SAMPLE COLLECTION

%z C0, - 0.040 A C0y - 1.950  TiME - 15 MIN
A 02 - 21,120 y4 02 - 19,100 voLuME - 3780 ML
: RAT - 160 6

]

(0, ProDUCED = 3780 x (1,950 - 0.040) ML ;g;

100
= 72,198 ML
0o consumep = 3780 x (21,120 - 19.100) mL
100 -
= 76.356 ML
R.Q, = (0, PRODUCED/O) CONSUMED
= 72,198 ML/76.356 ML
= 0,946
STANDARD 76 356

CONSUMPTION .25 HR x 160 ¢
| 1.909 ML/G/HR




Table 19. Average twenty-four hour urinary total nitrogen
 eXcretion by rats over the experimental period

(DaY8~%9 inel.) in separate cocaine/low protein

“trial.
CONTROL TREATED

TOTAL o
URINARY
NTTROGEN 36.1 38.5
(M6/2UHR)
COEFFICIENT
OF VARIATION 28.6 0.1

2 Five controis and five treated, pair-fed. i
Results based on data provided through the courtesy of R.
Boni: and F. Burczynski who performed the nitrogen balance

study.

“TOT
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diet (without energy metabolism measurements) are summarized in Table 19°%.
There was no significant difference between the 24-hour amounts of total
nitrogen excreted in the urine of the cocaine treated group and that of
its control group.

IV - E Xylose Absorption in Rats

A sample of the standard assay curve for xylose in urine samples is

' presented in Figure 32. The results were reproducible from assay to assay

provided strict attention was given to experimental detail especially with

regard to. the heating period. The linearity was not affected but the slope
of the standard assay curve would vary depending on differences in heating
times. |

Urine volume was quite uniform among the rats tested; all rats
studied except two excreted between 1.5 and 3 ml of urine during the 5-
hour collection period. No rat showed any visible signs of toxicity.
during any of the xylose absorption trials.

The results of the-three xylose absorption trials are summarized in
Tables 20 through 22. There was no significant difference.between the

treated and control groups of the trial-in Whicthats were tested for

. . xylose absorption at the end of the metabolie study (Table 20). In the
second trial (Table 2l), when the alkaloids were administered simultane-
- ously with the xylose test solutions some' differences became apparent

between the treated and control groups with respect to the amount of

xylose excreted in the urine in the first five hours following -dosing.
Atropine, cocaine, and ecgonine methylester each appear to increase the

amount of xylose excreted, while ecgonine seems to decrease slightly

aResults presented in Table 19 are based on- data provided through the
courtesy of R. Boni and F: Burczynski who performed the nitrogen balance
study. ‘ '
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i

Figure 32. Sample standard curve for assay of xylose in urine
samples of rats in xylose absorption studies.
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Table 20. Summary of xylose urinary excretion data from xylose
: absorptlon trials in which the ecgonine alkalolds
were admlnlstered in the diets prior to the xylose
test.
- % XYLOSE DOSE EXCRETEDY
TRIAL? R —
: CONTROL TREATED

COCAINE-

LOW PROTEIN 38.5 37.8

ECGONINE |

METHYLESTER-  37.6 37.8

LOW PROTEIN

BENZOYL- |

ECGONINE- 38.6 39,8

LOW PROTEIN |

ECGONINE- :

LOW PROTEIN 41,5 39.4

COCAINE= 37 g 38.1

HIGH PROTEIN

a Consist of 4 control and 4 treated pair-fed rats tested
at the completion of each metabolic trial. :
In the first 5 hours following the xylose test dose.

*HO0T
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Table 21. Summary of xylose urinary excretion data from xylose absorption trial” in
which different individual alkaloids were incorporated into the xylose test
dose for simultaneous administration.

Co T ECGONINE  BENZOYL- |
CONTROL ATROPINE COCAINE  METHYLESTER ECGONINE = ECGONINE  XYLOSE ;

Love/ks 10Me/ks  10vs/ke 10wo/ks  10we/ks  L.0o/ks

PERCENT

XYLOSE 3.4 47,2 446 439 36,5  35.6  21.9
EXCRETED P =~ o '
CORFFICIENT g 4y 4 5.8 6.0 59 5.0

OF VARIATION

Two rats in control and each test group; all rats ate low protein semi-synthetic
diet ad libitum for two days prior to xylose test.

Calculated as a perceént of the. total Xylose dose excreted in the first five hours
following the xylose test dose.

"S0T




Table 22. Summary of the xylose urinary excretion data from
‘the xylose absorption trial® in which cocaine and
ecgonine were incorporated into the xylose test dose
for 31multaneous adminlstratlon.

CONTROL COCAINE ECGONINE
| 10vms/K6 10ve/k6
PERCENT c s

XYLOSE 34,0 43,5 30,2
EXCRETED® v

COEFFICIENT |
OF VARIATION 2.9 10.3 8.9

Eight rats in control and each test group; all rats ate low
protein semi-synthetic diet ad libitum for two days prior to
xXylose test.

Calculated as a percent of the total xylose dose excreted in
the first five hours following the xylose test dose.
Slgnlflcantly different from control at p<.05.

‘90T
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the amount of xylose excreted. Benzoylecgonine seems to produce little if
any change. When the dose of xylose was doubled to 1000 mg/kg the abso-
lute amount of xylose excreted was essentially the same as that excreted
following the smaller, regular xylose dose. The,différences observed
between some of the individual groups in the second xXylose -absorption

trial did not allow statistical evaluation because of the small number

(only two) of rats making up each group. Consequently, the observed

differences have been regarded as apparent rather than real.

In the third xylose absorption trial (Table 22) convincing evidence
was obtained that cocaine significantly increased the percent total
#ylose dose excreted while ecgonine significantly reduced the percent
total xylose dose excreted as compared to the control group. In each
case the alkaloid‘was»simultaneousiy administered with the xylose test

solution.

IV- - F Mouse Whole Bedy Composition
Sample standard assay curves for the determination of triglyceride,

glucose, and glycogen in aliquots of original mouse whole body homogenate

are shown in Figures 33, 34, and 35, respectively. These curves were
obtained each day of analysis. ' They were reproducible provided, as was
the -case with the xylose assay, that strict attention was paid to the

length of the heating periods. Once again the linearity-was not destroyed

but the slopes of the standard assay curves would change with variations
in the duration of the heating periods. The sizeé of the aliquots sampled
. from the’homogenates‘were arrived at_from estimates of fat, glucose, and .

‘glycogen in body tissues reported in the literature (94-96).

The' results of the whole body mouse analyses for the first trial

which was performed as a pfdcedural'control to check the methodology are
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Figure 33. Sample standard curve for the assay of triglyceride in

i aliquots of homogenate in the mouse whole body analysis
study.
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ABSORBANCE - (620mm) -

100 200 300 400
GLUCOSE (UG)
Figure 34. Sample sﬁandéfd_curve for the assay of glucose

in aliquots of homogenate in the mouse whole
body analysis study.
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Figure 35. Sample standard curve for the assay of glycogen
in aliquots of homogenate in the mouse whole
body analysis study.
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 Table 23. Average whole body composition of twelve mice

fed (ad libitum) a commexrcial high protein
diet.

BW 416 Z6LU  Z6LY  ZN  TG/N  GLU/N  GLY/N  TG/6LU TG/GLY

svErhee 56 5 67 35 300 L5 23 15 680 B2
oF viRIATION 125 48 44 88 41 62 56 84 83 115

Keyﬁ BW = dead body weight in grams, %

= percent dead body weight, TG = triglyceride, GLU = glucose,
GLY = glycogen, N = nitrogen. o

TIT
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presented in Table 23. The 12 mice in the trial were paired on a weight
basis. One mouse in each pair was then assigned in a random manner to a
hypothetical-control or hypothetical-treated group. Both groups were
subjected to the whole body analyses for triglycerides, glucose, and
glycogen content. When the resulting composition data was analyzed,
there was no significant difference between the two hypothetical groups
wifh respect to any of the three body components.

The treated mice of the cooaine/lgy_proteinetrial all died before
the end of the experimental period and were not subjected tc the whole
body analyses for any of the three body components.

The results of the whole body analyses of the mice in the ecgonine
methylester/low Protein trial are Presented in Table 24. There were
significant differences between‘the control and the ecgonineb methylester-
' treated group in the calculated amounts of triglyceride and glycogen.

The treated grouP,had significantly lower triglyceride and significantly
greater glycogen levels as. compared to the control group. There was no
difference betweepithe'control and'treated groups'With%respect_to any of.
the other asseyed components.' From Table 25 it can be seen that the
dlfferences between the control and treated groups w1th respect to tri-
glycerlde and glycogen remains significant when corrected for total body
nitrogen. ‘The calculated glucose/nltrogen ratio between the two groups
was ‘not s1gn1f1cantly different. The calculated triglyceride/glucose
and triglyceride/glycogen ratios between the control and treated groups:
were significantly different;,this would be expected because of the dif-
ference between the two groups for the whole body content of trlglycerlde

and glycogen.




Table 24. Average whole quy compositionsg of mi_cea in the ecgonine methylester/low protein trial.

. BW e GLU GLY N __
CONTROL TREATED  CONTROL TREATED ~  CONTROL TREATED  CONTROL TREATED CONTROL TREATED

AVERAGE 191 187 645 46 55 5 2 370 29 2.8
COEFFICIENT Lo T
COFVRIATION 120 128 79 131 19 132 07 107 49 46

a Six controls and six treated, pair—fed.
Significantly different from control at p < .05.

Key: BW = dead body weight in grams, TG = triglyceride, GLU = glucose, GLY = glycogen and N = hitrogen
each given:in-percent of dead body weight.

TETT




Table 25. Ratios calculated from average whole body composition data (Table 24.) obtained for mice®

in the ecgonine methylester/low protein trial.

T6/N GLU/N 6LY/N T6/6LU T6/6LY

CONTROL TREATED  CONTROL TREATED CONTROL TREATED  CONTROL TREATED CONTROL TREATED
o v § , ' b b b
AVERAGE 22 L6 1 % I B3P RS 85° 197 127
* COEFFICIENT

OF VARIATION /.0 131 93 131 112 78 108 1.7 168 21.8

Six controls and six treated, pair-fed.
Significantly different from control at p< .05.
Key: TG = triglyceride, N = nitrogen, GLU = glucose, GLY =

glycogen; each originally calculated as a
percent of dead body weight. :

PIT




CHAPTER V DISCUSSION

V - A Ecgonine Alkaloid Assay

Separation and quantitation of individual ecgonine alkaloids have
been achieved in a number of ways for the study of these compounds in
pharmaceutical samples (74) , plant materials (97), and biological
fluids (98).  The analytical techniques used include spectrophotometry
(99), thin layer- (100), gas- (101), and high pressure liquid
chromatography {102), and immunological techniques (103). Until now,
however, assays available for cocaine together with any of its several .
hydrolytic or metabolic products depended on techniques ﬁsing radioisotope-
labelled compounds (42, 54). In the present research, extraction and gas
chromatoéraphic procedures were successfully developed for the simultane-
ous ‘assay of cocaine, benzoylecgonine, ecgonine methylester, and ecgonine.

The extraction procedures adopted in the present research to recover
cocaine and the other ecgonine'alkaloids.in the hydrolysis and urinary
excretion studies were modifications of reported methods (44, 100, 101).
Efficient extraction of cocaine into organic solvents was échieved simply
by adjusting the‘pH'of aqueous solutions of biologiéal fluids to approxi-
mately 7. Benzoylecgonine is best extracted at éH 9 to 10 with a mixed |
solvent system. To extract the amphoteric ecgonine, pH adjustment to
©11-12 and use of a mixed—solvent'system.must be combined with salting out
techniques. Little information is available regarding the extraction
behavior of ecgonine methylester, but in‘the Present research it was
found to behave very much like cocaine.

“In the hydrolysis studiesj alkaloid concentratidns‘were reasonablyb

high and clean extracts weréveasilyvobtained. Simple pH adjustment and
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salting-out (both achieved simultaneously by adding anhydrous potassium
carbonate) resulted in high recoveries (%100%) of each of the alkaloids.
Addition of the extracting solvent mixture prior to pH adjustment/
salting-out with potassium carbonate was critical for maximum recoveries.

In the urinary excretion study in which the alkaloid concentrations
were low and possible extraction of extraﬁeous materials was of concern,
the procedure was modified further. To extract cocaine, benzoylecgonine,
and ecgonine methylester from urine samples, chloroform rather than the
chloroform/2-propanol mixture was employed. The solvent was also added
prior to adjusting the pH of the sample,‘but in this case a saturated
solution of potassium carbonate was used to obtain pH 10. The recovery .
of both cocaine and ecgonine methylester was 100% but that of benzoyl-
ecgonine was only about 50%. This low recovery of benéoylecgonine was
due ﬁo the~uée of a single rather than a mixed organic extracting solvent.
Nonetheless, the recoverybéf benzoylécéonine was repfoducible over fhei
concentration range studied, with a coefficient of variation of less than
10%.

" The-extraction of ecgonine from urine samples was: carried out by
the combined préceduge of pH adjustment to 11-12 and salting—out. Be-
cause the extracté were}uhsﬁitable for direct gas chromatographic (GC)
-analysis;, -a preliminary.thin—layer chromatographic (TCL) clean-up proce-
dure was instituted, reducing the overall recovery of ecgonine to 58%.
This low recovery could be 'due to several factors related to the: TLC
procedure,‘includingkthe incomplete scraping of the ecgonine bands,
incbmplete:moveﬁent of therecgonine from thé.origin,.and/or-incomplete

-extraction:of-the’ecgoninevfrom;the silica gel. .The recoveries of this
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alkaloid, however, from spiked urine samples at the concentrations examined
were reproducible with a coefficient of variation of less than 10%.
The GC procedure employed in this research was a modification of

Moore's method (74) for benzoylecgonine and ecgonine in bulk drug samples

of cocaine. It employed N, O-bistrimethylsilylacetamide (BSA) as the
derivatizing agent and hexadecane and tetracosane as internal standards.

In the present research BSA was also used for silylation but the two

xanthines, theophylline and caffeine, were employed as internal standards

beceuse of their better chromatographic‘characteristicsv(Table 2)f Be-
cause the extraction characteristics of the xanthines were different

from those of the ecgonine alkaloids, the xanthine standards were incor-
porated juet prior to derivatization rather than,eaxlier in the assay pro~ -
cedure. In the couree of developing the preeent GC procedure, an inter-
aetlon was found to occur between theophylllne and the ecgonine alkaloids
'(prlor to BSA—derlvatlzatlon) which resulted in reduced and. variable
'theophylllne peak ‘heights. The interaction,.possibly involving complex.
formation between the basic ecgonines and thekacidic theophylline, was

v prevented by first adding the samples éontaining the ecgonine alkaloids

to tubes chtaining.O.6 N HC1 in 2—propandl, followed by the addition
of the internal standard xanthine.
The lower limit of detection for each of the alkaloids in the GC

‘procedure used.was 20 ng injected inté the gas chromatograph. The working

standard assay curves for each of theralkaloids.for-both the hydrolysis
and.the urihary'excretien'studieS‘were reproducible: from assay to-assay-
(Figures 8 and 10). " The coefficient of variation for the_replicates at

- each - of the data points-on the curves was. less than 10% over the
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concentration range of 20 to 400 vg/ml of each alkaloid in the hydrolysis
studies, and of 2 to 20 ug/ml of each alkaloid in the urinary excretion
study.

V - B Ecgonine Alkaloid Hydrolysis

The chemical hydrolysis of cocaine has been reported to be slow and
incomplete, finally leading to ecgonine with benzoylecgonine appearing

as the only intermediate (45, 59). During the hydrolysis of cocaine in

enzyme systems involving esterases, ecgonine methylester and benzoylecgo-

nine have been reported as intermediates (43, 54-56). Ecgonine was still
identified as the final product. | |

The present research included an in-depth study of the hydrolysis of
~cocaine, benzoylecgonine, and ecgonine methylester in strongly alkaline
solutions of sodium hydroxide  (0.04 N) and calcium hydroxide (0.04 N).
The analytical procedure was able to account for all of the originél
Cocaine on-a molar basis in terms of the ecgonihe alkaloidé determined.
For the first time it has been shown that ecgonine methylester appears
as a maj§r intermediate in the chemical or nen-enzymatic hydrolysis of

cocaine to ecgonine when the pH is greater than 11 (Figuresv18 and 19).,

" The hydrolysis of cocaine was complete within 30 minutes. The: same -rapid
disappearance of cocaine was found in agueous extracts of ishku (Figure
23) and ecgonine methylester is again the major intermediate. Accord-

ingly, the exposure of cocaine to the alkaline ishku for even a short

time during the coca chewing process would result in substantial hYdroly—
" sis of cocaine. This observation certainly would not support the earlier
.concept~that'thé‘alkaline materials added to the coca leaf simply enhanced

the extractability of cocaine from the leaf tissue.
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Theorxetical concentration-time profiles for the hydrolysis of
cocaine at pH 11-12 (Figure 20) fitted well to the experimental data
obtained. Cocaine hydrolyzes to ecgonine via two separate pathways,

each consisting of two ester hydrolysis reaction steps. One pathway

involves benzoylecgonine as the intermediate, while the other involves
ecgonine methylester. The ecgonine methylester pathway is favored over

the benzoylecgonine pathway by a factor of 7 to 8. An alternative

hydrolysis model is not readily apparent to explain the alkaline hydroly=

sis phenomenon of cocaine.

- According to the kinetic model.developed for strongly alkaline
systems, the hydrolysis of the benzoylester function in intact cocaine
proceeds at a faster rate (Tables 9 and 10) than the hydrolysis of the
same ester function in the apparently less hindered benzoylecgonine. A
aetéiled study. of the underlying’mechanisms would be necessary‘to help
explain the complex hydrolysis picture of cocaine;i

| When the concentration of the sodium hydroxide or the calcium
hydroxide was changed from 0.04 N to 0.01 N, corresponding to a drop of

only 0.4-0.6 pH units, the hydrolysis rate of cocaine was reduced. approxi-

mately three-fold. The concentration-time profiles of the reaction
' components changed as well. There was a substantial reduction in the
relative proportion of ecgoninevmethylester to‘benzoylecgonine. The new

-ratio was 3.5, which is approximately 50% as large as the corresponding

’ratiovobtained atvthe higher‘concentrétion of either base.
The hydrolysis of cocaine was found to be faster in calcium hydroxide
systems - as compared to sodium hydroxide systems.of the- same normality.

, s : C g s
This finding suggests that calcium ions (Ca’ ") could have some. facilitative
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or\catalytic action in the hydrolysis of cocaine. It has been reported
that Ca++ binds or complexes with certain of the ecgonine alkaloids (104).
Perhaps Ca++ through such action favors the energetics of the formation
of certain intermediates involved in the hydrolysis of cocaine resulting
in more rapid cocaine hydrolysis.

In all hydrolysis media investigated having a pH less than 11, the

hydrolysis of cocaine was slower and had a different profile than that in

systems of pH greater than 11. Benzoylecgonine appeared as the major

V(Figures 14, 15, and 16), or the sole intermediate (Figures 11, 12, and
13) during the hydrolysis process to ecgonine. In pH 7.3 buffer cocaine
hydrolysis proceéded at a moderate rate with only small amounts of ecgo-
nine methylester being found in the system. In simulated intestinal
.fluid;(pH 7.5) coéaine hydrolyzed faster than in the simple buffer
system indicating some facilitative action on thé'part of the iﬁtestinal
. enzymes. Cocaine was found to be extremely stable in acid systems of pH
1 to 2, an_obser&ation previously reported by other-workers (38). This
. stability of cocaine at low pH values is lost at elevated temperatures

as is . evident in some synthesis reactions involving cocaine. For in-

stance, continued'heating.of an aqueous solution of cocaine at reflux
vields benzoylecgonine almost quantitatively (92), while similar treat-
ment of a highly acid solution of cocaine produces ecgonine. (93) .

In summary, in-all systems studied of.pH-11 or less, benzoylecgonine

appears as the najor intermediate in the hydrolysis of cocaine en route
to ecgonine. Beyond pH 1l there is a dramatic change 'in- the hydrolysis
profile:. Ecgonine methyleSter (not'benzoylecgonine) now appears as the

méjor intermediate. The latter occurs not only in hydrolysis systems
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containing sodium hydroxide or calcium hydroxide, but also in supernatants
of ishku.

V - C Ecgonine Alkaloid Urinary Excretion

In the preliminary study with one rat in the present research, the
urinary excretion pattern of ecgonine alkaloids was different for the
oral route as compared to the subcutaneous route of cocaine administration.

When cocaine was administered intragastrically to the rat, the major

urinary metabolite was ecgonine methylester, while following subcutaneous

cocaine administration the major urinary metabolite was benzoylecgonine

(Table 11). These results are in keeping with what has been reported by

other researchers. The administration of cocaine to humans and animals

by parenteral routes has been shown to result in substantial amounts of
benzoylecgonine being excreted in the urine (44, 60). On the other hand,

when cocaine was administered orally to humans the major urinary metabo-

lite was ecgonine»methylester (67). By either route of administration-

the ameunts of ecgonine and unchanged cocaine excreted in the urine have f
been reported to be very smail (44, ©67).,

It would éppear that the oral ingestion of cocaine, especially if

it occurs under the highly alkelineICOnditions of coca chewing, would.
result.in Substantial conversion of cocaine to ecgonine methylester.
This ecgonine -methylester,. together with any produced during the intes-

tinal absorption of coceine, could result in substantial systemic absorp-

tion of ecgonine . methylester. - Thus, there is-a definite possibility that
a hydrolytic product could be responsible for some of the effects produced
by oral cocaine administration. It Wlll be necessary to obtain blood

»level data to confirm the. presence of substantial amounts of cocaine
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hydrolysis products following oral cocaine administration to support this
possibility fﬁrther. Results of the present research do demonstrate the
Susceptibility of cocaine to extensive chemical and metabolic conversion,
supporting the concept that cocaine alone may not account for the biologi-

cal effects seen in the South American natives who chew coca leaves.

V - D _Rat Energy Metabolism

' Closely standardized, reproducible procedures were developed to
differentiate changes-in energy metabolism between control and treated
rats in each trial. The respir#tory quotients (R.Q.) calculated from
oxygen consumption and carbon dioxide production in the rat were taken
as reliable indicators of the relative utilization of fat and carbohydrate
as metabolic énergy sources in the rat. The alkaloid-induced changes
found in energy metabolism did not involve any intrinsic changes. in the
metabolism of protein since available data'pn daily urinary nitrogenl
exdretibn revealed that cocaine added to the low proteinAsemi—synthetic
diet of_fats did not alter nitrogen balance (Table 19). R.Q. measure-
meﬁts indicate COnvinciﬁgly'that'c0caine,.bénzoylecgonine, and ecgonine
methylester each prodgce'changes in,ene:gy metabolism in:the rat.

The average R.Q;’valﬁe~0£ 1.04 for four out of four.control groups
of rats in;the‘ldw protein trials (Tables 12 through 16) indicate that
carbohydrate utilization is taking place primarily for energy metabolism,
while the R.Q. of 0. 804 for the control group in the high proteln trial
1nd1cates a mixed utlllzatlon of fat and carbohydrate These values are
comparable to thoseé reported by others (105-108). Values for the oxygen
conéumption of all control rats in each trial ranged from 1.40 to 1.80 |

| ml/g/hr and compared favorably to similar values reported‘in the
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literature (109, 110).

In the trials with rats on the low protein semi-synthetic diet, the
animals receiving ecgonine methylester (Figures 29 and Table 14), cocaine
(Figure 28 and Table 15), or benzoylecgonine (Figure 26 and Table 13)

1 mg/g diet haa significantly depressed R.Q. values when compared to their
respective controls. The average R.Q. values obtained for the treated
groups were 0.816, 0.867, and 0.952, respectively. The relative changes
in values suggest an enhanced fatvutilization in the treated animals as
compared to their controls. One would not need to postulate any direct
effect of the ecgonine alkaloids to explain the observed changes in

energy metabollsm These could be explained in texrms of the effects of
endogenously released catecholamines on metabolism. The catecholamines
Per se exert a calorigenic effect in man and animels marked by an increase
in oxygen consumption' and-an increase in oxidizable substrate; there 1s‘
also an increase in the. breakdown of trlglycerldes in adlpose tissue (28,
111-113). 'The catecholamines can elevate blood*gludose and lactate, but
inhibit insulin secretion and depress the perlpheral uptake of glucose
(28) ,‘There is considerable evidence that’ cocaine enhances many of these
‘catecholamine effects, e.g., elevetion of free fatty acids, etc. (28).
Consequehtly; cocaine and‘possibly any one‘of the ecgonine alkaloids, by
enhancing'the effects of the endogenous catecholamines, coﬁld be expected
to produoe substantial changes in the enefgy metabolism of animals or man,
pOSSlbly through an lmproved utilization: of fat

‘The - oxygen consumption of ‘the rats rece1v1ng the‘low protein seml—

'SYnthet1C-d1et spiked with cocaine or ngoninevmethylester was increased

comparedbto that of their controls. Benzoylecgonine seemed to produce no
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change in oxygen consumption. Tﬁe carbon dioxide production of the rats
receiving the low protein semi-synthetic diet spiked with ecgonine methyl-
ester or benzoylecgonine was decreesed compared to that of their controls.
These results are consistent with the fact that the treated groups in
these two trials were the only groups of rats which showed a substantial
increase in body weight during the experimental period, compared with
their controls. Ecgonine added to the low protein semi-synthetic diet
produced no measurable change in the‘ehergy metabolism of the rat.

The degree to which each of the ecgonine alkaloids, ecgonine methyl-
'ester, Cocaine, and benzoylecgonine as diet adjuncts depressed the R.Q.
values of the rats could be a function of eeveral interesting factors.
Their individual absorption, distribution, metabolism, and excretion
characteristics following oral administration woﬁld influence the final
bidlogical effects exerted by each. leferences in the pharmacoklnetlc
characterlstlcs among ecgonine methylester, eocalne, and benzoylecgonine
could certalnly‘modlfy their effects on energy metabolism. For example,
it“is not unexpected that ecgonine, ithe final product of cocaine hydroly-
sis, is without measurabie effect on energy. metabolism (Figufe 25.and
Table 12). Its highly polar nature Whieh wQuld'lead'tQ rapid urinary
‘excretion and limited tissue distribution, precludes any significant
pharmacological effectf | |

Cocaine added to the high protein semi-synthetic diet, produced in
the rats neither the depression of the R}Q. nor the elevation-of the
oxygen consumption (Figure 29 and Table '16) that was.found in the coeaine
-treated rats in the low proteln trlal One could speculate that cocaine

-was. Wlthout any apparent effect on. the -enhanced energy metabolism- of the
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rats on the high protein semi-synthetic diet because the animals were not
under any nutritional stress due to the adequacy of the diet. Therefore,
the endogenous levels of catecholamines (which Presumably would be ele-

vated under the stress of a low protein diet) were reduced to a point

where any enhancement by cocaine was without measurable effect. It could
also be argued that the higher dietary level of protein enabled the rat
to metabolize and eliminate the cocaihe more rapidly than when the rat

received the low protein diet. As a result, the cocaine and/or its

hydrolytic/metabolic’products,would remain in the system for too short a
time to produce any measurable biological effect (114, 115).

The Andean coca chewers live under conditiens in which they are
stressed both nutritionally by their low protein diets, and environmen-—
tally by the cold temperatures and reduced oxygen tensions in their
mountain habitat. These'factors combined could result in increased
levels of endogenous'catecholamines,.the metabolic effects of which}
particulariy with respect to increased catabolism of fat, could be en-
hanced: by the action of the cocaine, and/or ecgohine methylester, and/Qr

benzoylecgonine'produced by the chewing of the -coca leaf.

V - E ZXylose Absorption in. Rats
In- the xylose“absorption trial. involving rats selected for testing

at the termination of the metabolic trials (Table 20), no dlfference was

found between the treated and control groups -in the percent xylose dose

- excreted. The treated rats had receivedithe individual alkaloids in
their daily dietsq This could indicate that there was. no lasting’alkaloid-
induced change: 1n the- absorptlve capac1ty of the intestine. It could also

lndlcate that in the animals - (fasted for 18 hours prlor to. being subjected tov




126.
the xylose absorption test), no alkaioid was left to exert any measurable
effect on xylose absorption. The latter explanation is supported by the
fact that the ecgonine alkaloids have short biological half-lives (<1.5
hr) (62, 63, 65).

In the separate preliminary trial in which a limited number of rats
received the xylose test solution simultaneously with the alkaloids, some

evidence was obtained that some of the alkaloids can produce direct eff-

ects on xylose absorption (Table 21). Cocaine and ecgonine methylester

seemed to inqrease, while ecgonine seemed to decrease xylose absorption.
Benzoylecgoniﬁe had littie effect upon the percent xylose dose excreted.
Atropine was included as an experimental control because of its known
positive effect on the absorption of xylose (80), an effect so demonstra-
ted in this trial.

These preliminary results were sufficiently encouraging to warrant a
more definitive trial involving only cocaine and ecgonine. ‘The.data ob~
tained (Table 22) conflrmed that in the dose administered cocaine signi-
flcantly increased, while ecgonine significantly decreased, the percent

xylose dose excreted in the urine, provided the alkaloids were adminis—

tered simultaneously with the Xylose test solution. The mechanisms by
which cocaine increases xylose absorption in the rat as measured by xylose
urinary excretion may have their basis in the adrenergic action exerted

by cocaine on intestinal motility (28). Cocaine decreases  intestinal

motility,-which by permitting longer contact time between the xylose and
" the 1ntest1nal mucosa would result in greater xylose absorptlon In a-
~similar fashion, atroplne through its anticholinergic actlon on the in-

testine is believed to slow.intestinal'transit and thereby enhances
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xylose absorption (80). The mechanism behind the decreased absorption
of xylose produced by ecgonine is not readily apparent.

As already indicated, convincing evidence has been obtained in the
. Xylose absorption trial that cocaine increases whereas ecgonine decreases
the intestinal absorption of xylose (Table 22). The increased Xylose
absorption is specifically interpreted as corresponding to an increase
in carbohydrate absorption (8l). Thus, the increase in the relative
utilization of fat over carbohydrate produced by cocaine and ecgonine
methylester, as found in the energy metabolism trials, probably does not
result from a reduced absorption of Carbohydrate. On the other hand, the
lack of any effect of ecgonine on fat utilization could be a consequence
of its ability to reduce carbohydrate absorption. The possibility that
the abso:ptionsof dietary fat may be affected by one- or more of the
\;everal alkaloids remainsg unexplofed.

V - F Mouse Whole Body Compbsition

In the procedural control of the mouse whole body composition trial,
there was little ﬁquse~to—mouse variation in the body components - examined.
The value of the whole body nitrogen agreed with thelé% value reported in
other studies (91, 95). Direét comparison of the levels found for whoie
-body constituents with corresponding literature-values is difficult be-
cause most'available’composition data relate to levels afvtriglyceride,
glucose, and-glycogen (94) in isolated ‘tissues of organs such as liver,

'muscie, or kidney;
-“All. of the mice receiving the low proteln diet containing cocaine at
-alevel of 1 mg/g died ‘before: completion of the experlment all were.

dead w1th1n seven-days. It has been reported that cocaine produces severe
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hepatotoxicity in mice (35, 116). It has also been reported that cocaine
produces severe fatal hepatic necrosis in mice pre-treated with 3-
methylcholanthrene or phenobarbital (117), although no mention was made
of the dose or route of administration of the cocaine. It was suggested
that the causative agent was a metabolite of cocaine which was specifi-
cally toxic to mice but not to rats, rabbits, or guinea pigs. The mice

used in this present research were not pre-treated with 3-methylcholan-

threne or phenobarbital, but they were maintained on a low protein diet.

This diet may have enhanced their susceptibility to hepatotox1c agents
such as cocaine (118).

In the mouse whole body composition trial involving the low protein
diet with ecgonine methylester (Table 24), there was no difference be-
tween the control and ecgonine methylester‘group in the body levels of
either g;ucose or nitrogen. Whole body levels of glycogen~and triglycer-
ides, however, were both significantly different between the control group
‘and theecgonine methylester-treated group (Taole 24) . The whole body : L
glycogen level for the ecgonine'methylester—treated group was 0.371%

-and for ‘the control group was 0.332%. ,Thevtriglyceride level of the

treated group was‘4.65% while that for the control group was 6.45% The
lower value for trlglycerlde in the treated group approached. the 4.53%
‘value observed in mice which received the high protein Purina diet in

" the procedural control trial In considering these effects of . ecgonlne

methylester upon stored body fat (trlglycerlde) and - carbohydrate (glyco-
gen) in the treated mlce, it seems that the ecgonine methylester increases
the utilization of fat and conserve31Carbohydratesi “Ecgonine methylester

‘may bring abOut'thisvmetabolic-shift in .a manner similar to cocaine by
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enhancing the metabolic effects of endogenous catecholamines, which are

known to spare glucose by increasing fat utilization (28, 111-113).




CHAPTER VI SUMMARY AND CONCLUSTIONS

The combined analytical and hydrolysis techniques developed in this
research permitted an in-depth evaluation of the hydrolysis of cocaine
in a variety of igvziggg_systems. The results showed that contrary to
accepted beliefs, ecgonine methylester is produced as an intermediate
during the non-enzymatic alkaline hydrolysis of cocaine to ecgonine.

The rasults alse showed that cocaine ig relatively resistant to hydroly-
‘sis at a pH of less than 7, but that it undergoes rapid hydrolysis in
systems of pH greatér than 11, including those systems employingﬂthe
alkaline materials, e.g., EEEEEJ with which coca leaves are chewed in
certain mountainous regions of South America. This rapid hydrolysis pro-
ceeds from cocaine to ecgonine via two parallel hydrolysis pathways, one .
involving benzoylecgonine as the intermediate and the other ecgonine
methylester. The ecgonine methylester pathway is greatly favored over
the benzoylecgonine pathway at pH values greater than 11,

Cocaine as well as each of its hydrolysis»products was evaluated
with respect to its poseible effects on the overall metabolic economy of
laboratory animals. Rate and mice were malntalned on diets comparable in
COmpOSltlon to dlets sustalnlng the South American coca chewers. Sig-
nificant depression of respiratory quotients was found in rats fed the
low protein-high carbohydrafe diets~containing‘cocaine, ecgonine methyl-
ester, or behzoylecgonine. Ecgonine methylester produced the greatest -
~depression of the respiratory quotient, followed in turn by cocaine and
benzoylecgonine. Ecgonine was without effect. Since, as shown by~avail-
able data, cocalne added to. the low proteln diet of the rat does: not

change the excretlon of" nltrogen, the'respiratory quotients measured in
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similarly treated rats'were reliable indicators of the relative utiliza-
tion of fat and carbohydrate by the rats. The depressed respiratory
quotients were indicative of increased relative utilization of fat.

The results of the metabolic_studies involving ecgonine methylester
in rats on low protein-high carbohydrate diets were confirmed by results
of whole body analysis studies in mice similarly treated. The increased

relative utilization of fat as indicated by depressed respiratory quotients

in rats was reflected in the reduced whole'body triglyceride levels in the

mice. Ecgonine methylester added to a semi~synthetic diet that is low in
protein and high in carbohydrate appeared to restore whole body constit-
uents to ievels comparable to those found in mice receiving a balanced diet
of protein, carbohydrate,. and fat.

| In akpreliminary single-rat experiment the oral aduinistration of
_cocaine  showed that the urinary metabolite profile following this route
of administration was substantially different from that found following ‘ g
the subcutaneous administration of cocalne The difference was in the
relatlvevamOUnts of benzoylecgonine -and ecgonine methylester excreted.

Ecgonine methylester'isvéxcreted in larger amounts than is benzoylecgo-

nine following the oral administration of Cocaine while benzoylecgonine
is’ the major metabolite  following the subcutaneous administration of
cocaine. Following either route of administration, very little cocaine

was excreted unchanged in the urine.

The xylose absorption test did not reveal any ecgonine alkaloid
effect upon the absorption of Xylose in rats tested follbwing an 18-hour
fast after the cdmpletion‘of'the metabolic studies. When administeréd

concurrently with the xylose test solution, cocaine increased the amount
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of xylose absorbed while ecgonine decreased the amount absorbed. Because
cocaine increased the absorption of xylose, the depression of the respira-
tory quotient found in the cocaine treated rats could not be due to a
reduced availability of dietary carbohydrate as might result from a
reduced intestinal absorption. This could possibly be the case with
ecgonine which had no effect on respiratory quotient but did have a
negative effect on the absorption of xylose. The possiblity that both
cocaine and ecgonine'could affect fat absorption was not ruled out.

In: considering the practice of coca chewing by Andean natives in
the light of the‘results obtained from the present investigation, one
may be permitted certain speculations about the fate of the cocaine in
the coca leaf material and its possible réle in explaining the biologi-
éal effects associatéd with its use. The cocaine released from the leaf
is most likely subject to extensive hydrolysis in the gastrointestinal
tract?p?ior to its absorption. The hydrolysis products will include,
depending on a variety of factors, varying proportions of cocaine,
benzoylecgonine, ecgonine methylester, and’ecgonine. Their effeéts upon
the intestinal*absorption of ‘dietary éarbohydrate will depénd on the net
proporfion present of the stimulating components-sﬁch'as cocaine, and
‘the inhibiting-components'such.as ecgonine. In the cbca chewer‘subsist—
ing mainly on a low proteiﬁ-high carbohydrate diet, it can be gxpected
that the several ecgonine alkaloids released and/or formed through coca
chewing will'produée a net increase in thevrelative utilization of fat
-over c¢arbohydrate as the primary source.of'ﬁetabolic energy. These
metabolic.effects may well‘be brought about;thréugh an enhancipg effect

6f thevecgonine,alkaloids upon the metabolic. effects of endogenous
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catecholamines. One should see in the Andean native a decreased respira-
tory quotient and a reduction in deposition of body fat.
It would appear that any model proposed to explain the phenomenon

of coca chewing must take into account cocaine together with its

hydrolysis products. The model does not need to include addiction to
any of the coca leaf constituents. These constituents must be regarded

as serving some essential function possibly in some role as dietary

supplements. The chewing of coca leaf affords the Andean native a source

of necessary vitamins present in the leaf material, and the latter, to-
gether with the added'alkaiine substance, provide much needed mineral
supplements. Finally, as suggested from the results of the present in—
vestigation, the facilitative action of cocaine together with its hydro-
lytic products on carbohydrate absorption and»fat:utilization (in pre-
ference to carbohydrate utilization) suggests abcentral vital role of
ecgonine alkalords in the . normallzatlon of the overall body metabollsm

of the Andean native. This speculation provides the most pLausible
'explanation‘of the coca chewing‘phenomenOn to date. It can be concluded
that cocaine alone is not responsibleefor»the biological effects associated

kwith-coca chewing.’ The hydroly51s products of cocalne, in particular

" ecgonine methylester, most certainly play. a greater blologlcal role than

: heretofore realized in coca chew1ng.
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