morphological difference, some biolo-
gists were understandably reluctant to
accept them. The taxonomists’ judgment
has now been supported by a quan-
titative approach which seems to avoid a
bias in favor of hominoids, confirming that
morphological evolution and structural
gene evolution can proceed at independ-
ent rates. Knowledge of this independ-
ence has generated new ideas about the
mechanism of evolution. These ideas
have been discussed in review articles
as).
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Oral Cocaine: Plasma Concentrations and Central Effects

Abstract. Cocaine (2.0 milligrams per kilogram) given by the oral route is at least
as effective as the same dose given intranasally. Cocaine is not detected in the
plasma until 30 minutes after oral administration, but peak plasma concentrations
are similar after both routes. The subjective ‘“‘highs’’ in man are greater after oral

than after intranasal administration.

We have measured and compared both
plasma concentrations and subjective ef-
fects of cocaine following oral and intra-
nasal administration. To our knowledge,
concentrations of cocaine in plasma after
oral administration have not been report-
ed. Andean Indians have chewed coca
leaves religiously since ancient times
with a reputed beneficial effect on endur-
ance and hunger. It has been estimated
that 3 to 4 million people in Peru and Bo-
livia now chew coca leaves (/). Despite
this wide usage, it is commonly assumed
in the United States that cocaine is in-
active when given orally (2). Textbooks
of pharmacology (3) state that cocaine is
hydrolyzed in the gastrointestinal tract
and rendered ineffective. A result of this
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belief has been a marked disinterest by
modern street and laboratory research-
ers in the effects of oral cocaine. Never-
theless, accidental deaths from over-
dosage of ingested cocaine have been re-
ported ¢).

Cocaine is still used in otolaryngology
and anesthesiology because of its ef-
fectiveness as a local anesthetic and
vasoconstrictor. In animals, it is known
to block the reuptake of endogenous
amines in the sympathetic nervous sys-
tem and to potentiate the effects of exog-
enous amines (3). Socially, cocaine is
considered to be a major drug of abuse
that has dramatically increased in popu-
larity. It produces an intense euphoria
shortly after intranasal application and
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has gained an almost mythic position in
the drug pantheon. Recent studies have
defined the euphorigenic and cardiovas-
cular effects of both intranasal and intra-
venous cocaine (5). Because the wide-
spread custom of chewing coca leaves
belied the current opinion that cocaine is
not effective orally, we investigated the
comparative efficacy of oral and intra-
nasal cocaine.

The subjects (ages 25, 25, 31, and 32
years) were healthy males who had used
cocaine previously for recreational pur-
poses. They were informed about the
study and agreed to participate (6). In an
initial set of experiments, a 10 percent
solution of cocaine hydrochloride (2.0
mg per kilogram of body weight) was ap-
plied topically to the nasal mucosa. The
total dose ranged from 115 to 246 mg (7).
In subsequent experiments, the subjects
swallowed the same dosage (that is, 2.0
mg per kilogram of body weight) of crys-
talline cocaine hydrochloride in a gelatin
capsule (8). The cocaine was adminis-
tered a minimum of 4 hours after a light
breakfast. In all experiments, we ob-
tained 10-ml samples of blood before the
cocaine was administered, and samples
were again taken 15, 30, 60, 120, and 240
minutes afterward. Samples were also
obtained 20, 40, 50, 70, 80, 90, 180, 300,
and 360 minutes after oral administra-
tion. Blood samples were collected in
heparinized glass syringes, and 250 ul of
a saturated solution of sodium fluoride
was added immediately to prevent the in
vitro hydrolysis of cocaine (9). The
plasma was then separated, and the con-
centration of cocaine was measured by
previously reported gas-liquid chromato-
graphic methods in which a nitrogen-sen-
sitive detector that specifically distin-
guished cocaine from its metabolites was
used (10). Before the drug was adminis-
tered and again at regular intervals after
administration the subjects were asked
to rate themselves on a 6-point ‘‘high”’
scale. The subjects also completed the
morphine and amphetamine significant
scales of the Addiction Research Center
Inventory (ARCI) before drug adminis-
tration and again ¥ and 2 hours after co-
caine was given (/7).

Cocaine was not detected in the
plasma until 30 minutes after oral admin-
istration, and it then increased rapidly
for the next 30 minutes. Peak plasma
concentrations (range 104 to 424 ng/ml)
occurred at 50 to 90 minutes and then de-
creased gradually over the next 4.5 to 5
hours (Table 1). After intranasal appli-
cation, cocaine was detected in the
plasma by 15 minutes, reached peak con-
centratiors (range 61 to 408 ng/ml) at 60

212

to 120 minutes, and then decreased grad-
ually over the next 2 to 3 hours (Table 2).
The difference in mean peak plasma con-
centrations for the two routes of admin-
istration was not significant. However,
in three of four subjects the peak plasma
concentrations were higher after oral co-
caine than after intranasal cocaine at the
same dosage.

Prior to cocaine administration, all
subjects rated themselves as having no
subjective drug effects. After oral admin-
istration, measurable effects on the
“‘high”” scale occurred within 15 to 75
minutes and peaked at 45 to 90 minutes.
Peak effects lasted as long as 60 minutes
and then declined over the next 4 hours
(Table 1). After intranasal application
measurable effects on the ‘‘high” scale
were noted within 15 to 30 minutes,
peaked from 15 to 60 minutes, lasted as
long as 60 minutes, and then decreased
over the next 2 to 3 hours (Table 2). Peak

Table 1. Time course of cocaine concentra-
tions in the plasma and self-reports of
“‘highs’’ after oral administration. The values
are expressed as means * standard errors.
The numbers in parentheses indicate the num-
ber of subjects.

Time Cocaine
(min- in plasma ‘‘High’’ rating
utes) (ng/ml)

0 0.0 4) 0.0 (4)

15 0.0 (4) 0.6 = 0.3 (4)

20 0.0 3)

30 54.2 +24.2 (4) 0.8 +0.4(4)

40 147.2 = 59.7 (4)

45 2.8 0.8 (4)

50 197.6 = 75.4 (4)

60 209.8 + 57.9 (4) 2.9 +0.8(4)

70 168.3 + 40.5 (3)

75 32+02@4)

80 152.0 = 31.0 (3)

90 120.6 = 12.1 (3) 29 +0.44)
105 2.5 +0.6(4)
120 99.2 + 15.6 (4) 2.0 = 0.6 (4)
180 447 + 8.1 (4) 09 +044)
240 21.0 = 4.5(4) 02+0214
300 10.8 + 3.7 (4) 0.0 (4)

360 6.2 +2.7(4) 0.0 (4)

Table 2. Time course of cocaine concentra-
tions in the plasma and self-reports of
“‘highs’’ after intranasal application. The val-
ues are expressed as means * standard er-
rors. The numbers in parentheses indicate the
number of subjects.

Time Cocaine
(min- in plasma ‘“‘High’’ rating
utes) (ng/ml)
0 0.0(4 0.0 (4
15 36.2 = 9.4 (4) 1.1 £ 0.6 4)
30 93.0 = 40.7 (4) 2.0*+0.4 4
60 160.6 = 73.8 (4) 1.9 +0.64)
120 95.0 = 15.6 (4) 0.8 +0.214)
240 35.6 = 10.8 (4) 0.0 4

“highs” after oral administration were
significantly greater than those reported
after intranasal application (Student’s ¢-
test = 4.3; P < .05). The total number
of positive responses on the morphine
and amphetamine significant scales of
the ARCI were identical after both the
oral and intranasal routes of administra-
tion (I2). However, all four subjects re-
sponded positively to the descriptors, “‘I
have a floating feeling’” and ‘‘My head
feels light,’” after oral administration but
not after intranasal application.

Despite the common belief that co-
caine is not effective when given orally,
there is evidence to the contrary. Chew-
ing coca leaves has been a part of the cul-
ture of South American natives for more
than a millennium. It can reasonably be
presumed that any benefit derived from
this practice is from the cocaine con-
tained in the leaves. Whether cocaine is
primarily absorbed from the oropharynx
or more distally in the stomach or small
intestine has never been clear (I3).
Freud in 1884 (/4) described euphoria,
decreased fatigue, and alterations in his
pulse and respiration after oral adminis-
tration of cocaine. Among other sug-
gested uses for cocaine Freud advocated
it as a treatment for digestive disorders
of the stomach. Post et al. (I15) gave co-
caine orally (dose range 30 to 200 mg) to
five depressed patients; they found no
therapeutic effect but did note a reduc-
tion in total sleep and rapid eye move-
ment (REM) sleep. There was also a
rebound in REM sleep after the cocaine
was discontinued. To our knowledge,
Woods et al. (16) were the only investi-
gators to measure plasma concentrations
of cocaine after oral administration in an-
imals. They administered cocaine orally
to dogs (15 mg per kilogram of body
weight) and found peak plasma concen-
trations -of 1000 ng/ml approximately 2
hours after the drug was given. Our dos-
age was much less and our peak values
were all less than the minimum they
were able to detect.

Our findings indicate that cocaine is
well absorbed from the gastrointestinal
tract. Measurable absorption does not
reliably occur until 30 minutes after oral
administration. The reason for this delay
is not clear. The gelatin capsules, which
we used to eliminate the possibility of
absorption from the oropharynx, may
not have dissolved immediately (8). A
more likely explanation is that cocaine
(pK, = 8.6) is ionized in the acid medi-
um of the stomach and is not well ab-
sorbed until it reaches the alkaline envi-
ronment of the small intestine. Andean
Indians may be empirically exploiting
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the same principle when they chew coca
leaves with alkaline material to enhance
its subjective effects (). Once absorp-
tion begins from the gastrointestinal tract
it is rapid, and peak plasma concentra-
tions are reached 20 to 60 minutes later.

There was no significant difference in
the peak plasma concentrations between
the two routes of administration. Once
the peak concentrations occurred for
both routes, the levels of cocaine de-
creased in a log-linear fashion with the
apparent half-life in plasma being 0.9
hour after the oral route and 1.3 hours
after the intranasal route. The difference
in the half-lives for the two routes was
not significant (I7).

Maximum subjective effects on the
“‘high’’ scale occurred earlier (15 to 60
minutes) after intranasal application than
after oral administration (45 to 90 min-
utes). This is probably a reflection of the
delay in absorption of cocaine from the
gastrointestinal tract. Three of the four
subjects experienced more intense
“‘highs’’ after oral administration. Peak
“highs’’ after both routes were main-
tained for as long as 60 minutes, which is
in contrast to the reports of street users.
These reports indicate peak psychologi-
cal “‘highs’” within 3 to 5 minutes and al-
most no effect 15 minutes after intranasal
application.

This confirmation of old knowledge
raises a number of issues. First one
might suspect that a certain amount of
the activity of intranasal cocaine may be
due to the actions of material passed

through the nasopharynx and swal-

lowed. Second, the mystique of cocaine
abuse with its golden spoons, rolled
banknotes, and inhalation rituals should
be somewhat dampened since the drug
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appears to be as effective if taken orally.
Finally, one might conclude that it is sci-
entifically imprudent to ignore reports
which have been consistent for 2000
years.
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