The bioavailability of intranasal and smoked
methamphetamine

Background: Patients in harm-reduction treatment programs are switching from intravenous to other routes
of methamphetamine (INN, metamfetamine) administration to avoid risks associated with needle use. Rel-
atively little has been reported about the bioavailability of methamphetamine when smoked or used intrana-
sally.

Methods: Eight experienced methamphetamine users were administered smoked or intranasal methamphet-
amine concurrently with an intravenous dose of deuterium-labeled methamphetamine. Plasma and urine
concentrations were measured for calculation of bioavailability and other pharmacokinetic parameters by
noncompartmental methods.

Results: Methamphetamine was well absorbed after smoking or intranasal administration, with bioavailabili-
ties of 79% after intranasal administration and 67% of the estimated delivered dose or 37.4% of the absolute
(pipe) dose after smoking. Maximum methamphetamine concentrations occurred at 2.7 and 2.5 hours after
intranasal and smoked doses. The elimination half-life was similar for intravenous (11.4 hours), intranasal
(10.7 hours), and smoked (10.7 hours) methamphetamine. Clearance (272 mL - h™! . kg™!), steady-state
volume of distribution (4.2 L/kg), and mean residence time (16 hours) of the intravenous dose were similar
to previously reported values. Dextroamphetamine (INN, dexamfetamine) half-life (all routes) was 16.2
hours. Methamphetamine and dextroamphetamine renal clearances (all routes) were about 100 and 1100 mL
-h™!. kg™!, respectively.

Conclusions: Intranasal and smoked methamphetamine are well absorbed. Although intranasal or smoked
routes may decrease the risk of transmission of blood-borne diseases, exposure to methamphetamine and the
possibility of drug-related complications remain substantial. (Clin Pharmacol Ther 2003;74:475-86.)
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about the bioavailability of methamphetamine (INN,
metamfetamine) when taken by intranasal or smoked
routes. Case reports of toxic effects of intranasal®>*? or
smoked'*1® methamphetamine have appeared. Smoked
methamphetamine is widely abused,**° but only one
laboratory has characterized its pharmacokinetics.?®-2
Only one report has characterized the bioavailability of
smoked methamphetamine.®* Relatively little has been
reported on the pharmacokinetics of intranasal meth-
amphetamine, although case reports of adverse conse-
quences have been published.>®81? Methamphetamine
sniffing or oral ingestion may lead to dependence as
readily as intravenous use.>® The increased popularity
of methamphetamine smoking suggests that it has a
high abuse liability as well.

In our experiment we used deuterium-labeled meth-
amphetamine to enable simultaneous administration of
|abel ed methamphetamine by the intravenous route and
unlabel ed methamphetamine by other routes for precise
determination of bioavailability. Use of unlabeled and
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labeled drug administered simultaneously eliminates
the problems of day-to-day variability inherent when
the drug is administered on separate days.>* Deuterium
labeling has been used to measure changes in pharma:
cokinetics?® and pharmacodynamics®® during repeated
oral dosing of methamphetamine, but we are unaware
of its use in the determination of methamphetamine
absolute bioavailability. Before this bioavailability ex-
periment, we compared the plasma levels of 5 mg of
deuterium-labeled methamphetamine and 5 mg of non-
labeled methamphetamine after intravenous adminis-
tration in 4 subjects. The plasma concentration-time
curves were identical, indicating that deuterium label-
ing does not change the pharmacokinetics of metham-
phetamine. Given that the systemic intravenous dose is
known and the clearance of both the labeled and non-
labeled methamphetamine is the same, we were able to
calculate the bioavailability of the unknown smoked
and intranasal systemic doses by using their respective
area under the plasma concentration-time curves
(AUCs) for calculation of dose (Dose = CL - AUC, in
which CL is clearance).

METHODS
General design

Subjects were hospitalized at the General Clinical
Research Center, University of California, San Fran-
cisco (San Francisco, Cdlif), on 2 occasions approxi-
mately 1 week apart. Subjects arrived the day before
drug administration and remained as inpatients for 48
hours after dosing. With aterminal half-life for smoked
and intravenous methamphetamine of about 12
hours,?*2” 48 hours alowed collection of data while
more than 90% of the drug was eliminated. Subjects
were given either intranasal or smoked methamphet-
amine in a balanced crossover design along with a
simultaneous intravenous dose of deuterated metham-
phetamine to calculate absolute bioavailability. They
were discharged 48 hours after dosing and returned at
72 hours with the 48- to 72-hour urine collection and
for other post—72-hour measures.

Subjects

Eight male nondependent methamphetamine users
(according to the criteria of the Diagnostic and Satis-
tical Manual of Mental Disorders, Fourth Edition)
were recruited by newspaper advertisement or referral
from previous subjects. All gave informed consent.
Subjects were aged between 21 and 45 years and were
within 30% of ideal body weight. Female users were
welcome, but few called and none entered the study.
Medical history, physical examination, complete blood
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cell count, blood chemical analysis, hepatitis C sero-
logic result, and electrocardiogram excluded those with
significant physical and psychiatric illness. The study
was approved by the Committee on Human Research
(institutional review board), University of California,
San Francisco.

Subjects had infrequent to moderate recent experi-
ence with methamphetamine (at least once in the pre-
vious 6 months) and were experienced with the intra-
nasal, smoked, or intravenous route. None were
exclusive oral methamphetamine users. All were to-
bacco smokers and used caffeine. They infrequently
used other illicit drugs.

Synthesis of deuterated methamphetamine

S—(+)-[?Hs]amphetamine was synthesized by a
published method® and converted to SH+)-
[?H] methamphetamine by formation of the N-formyl
derivative and reduction with lithium aluminum hy-
dride. The results demonstrated both chemical and en-
antiomeric purity. The deuterium label incorporation
was cal cul ated to be 99.1% [?H.,] methamphetamine and
0.9% [?H,]methamphetamine. Acceptance criteria for
drug identification were that the analyte had to extract
from the biofluid, back-extract into acid and re-extract
as the authentic substance, derivatize as the authentic
analyte, exhibit the same retention time in capillary gas
chromatography, ionize by isobutane chemical ioniza-
tion—mass spectrometry, and yield the same ion as the
ion used for quantitation.

Study procedures

Subjects were asked to abstain from drug and alcohol
use, except for nicotine and caffeine, for 48 hours
before hospital admission. On admission, subjects pro-
vided aurine sample for urine toxicology screening and
urinalysis and a blood sample for genera admission
laboratory screening tests. An electrocardiogram was
obtained, and subjects were asked about recent drug
use. If no signs of medical illness or recent drug use
were found, they proceeded with the study.

Intranasal dextromethamphetamine, 50 mg (base
equivalent), as a 10% solution of the hydrochloride salt
in isotonic sodium chloride solution was delivered as a
fine mist to the nasopharynx by use of two 0.25-mL
Accuspray syringes (Becton Dickinson Pharmaceutical
Systems, Franklin Lakes, NJ). On the basis of an esti-
mated bioavailability of at least 30%, a dose of 50 mg
was chosen, because a 15-mg intravenous dose was the
lowest dose of methamphetamine that could be reliably
subjectively distinguished from placebo in our labora
tory. This nasal dose was expected to produce subjec-
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tive effects but would still be within a safe range if a
higher bioavailability resulted.

The 40 mg of smoked dextromethamphetamine (base
equivalent) was delivered with 2 doses smoked 10
minutes apart so that dosing could be terminated if
subjects showed greater than expected sensitivity to the
first dose. Each smoked dose consisted of 2 deep,
untimed inhal ations from a borosilicate glass pipe (fab-
ricated from a 20-mL scintillation via [Fisher brand;
Fisher Scientific International Inc, Hampton, NH]) con-
taining 20 mg of methamphetamine with 7 inches of
glass tubing attached. The pipe was temperature-
controlled by placing it in a snugly fitted well drilled in
a 17-1b auminum brick electricaly heated to 265°C +
10°C. The large thermal mass of the brick approxi-
mated the oil bath used in the experiment of Cook et
a.?! This temperature was chosen as sufficient to pro-
duce vaporization but low enough to minimize pyroly-
sis.?° The delivered dose was calculated from the dif-
ference between the weight of the pipe before and after
smoking. The dose contained in the pipe was based on
(2) the intravenous 15-mg minimum dose required for
subjective data, (2) the estimated bioavailability
through the smoked route (about 90% according to a
previous report®?), and (3) an estimate of the delivered
dose of about one half the pipe dose.>* We thought this
dose would produce measurable subjective effects but
was within a safe dosage range if an unexpectedly
higher bioavailability was present. A 10-mg dose of
d-methamphetamine-d; (in which d; indicates deuter-
ated) was infused at a constant rate intravenously for 15
minutes while the intranasal or smoked doses were
administered. Vital signs and psychiatric status were
monitored for several hours after drug administration.

Plasma samples for methamphetamine and
d-amphetamine assay were obtained at 5 minutes be-
fore infusion and at 10, 15, 30, and 45 minutes and 1,
15,2,3,4,5,6,8, 12, 18, 24, 36, 48, and 72 hours after
the start of the methamphetamine infusion. Plasma
samples were stored at —20°C until assayed.

After methamphetamine dosing, urine was collected
in fractions from O to 4 hours, 4 to 24 hours, 24 to 48
hours, and 48 to 72 hours (with the last period sample
collected on an outpatient basis). A 0- to 24-hour sam-
ple was constructed by pooling urine remaining after
removal of two 20-mL aliquots from each timed spec-
imen for measurement of pH and then frozen at —70°C
until analyzed.

Physiologic measures. Heart rate and blood pressure
were measured with a cardiovascular monitor (Escort
[, Model 20300; Medical Data Electronics, Arleta,
Calif). Rate-pressure product, an index of myocardial
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oxygen consumption and cardiac work, was calcul ated
as the product of systolic blood pressure and heart rate.
Respiratory rate was measured by counting the number
of inhalations per minute.

Physiologic measures were obtained before dosing,
continuously during the infusion (recorded at 10 min-
utes and 15 minutes after the beginning of dosing for
statistical purposes), every 15 minutes until 1 hour after
dosing, and at 1.5, 2, 3, 4, 5, 6, 8 12, 18, 24, 36, and 48
hours. Heart rate and blood pressure were always ob-
tained with the subject recumbent for at least 5 minutes.

Subjective measures. Verbaly rated measures on a
scale of methamphetamine intoxication and craving for
methamphetamine ranging from 0 to 100 were obtained
with each physiologic measurement. Visual analog
scales, administered with a handheld computer and
obtained with each vital sign measurement, were good
drug effect, bad drug effect, desire for methamphet-
amine, and methamphetamine quality. These 100-mm
scales were labeled with O indicating “none” and 100
indicating “most ever.”

Assays. Plasma and urine deuterated and nondeuter-
ated d-methamphetamine and d-amphetamine were an-
ayzed in our laboratory by methods developed there.?®
The methods allow simultaneous determination of
methamphetamine and amphetamine (INN, amfet-
amine) and its  deuterium-labeled  analogs
(methamphetamine-d; and amphetamine-d;) by use of
combined gas chromatography—mass spectrometry.
Stable isotope-Habeled analogs used as internal stan-
dards are easily distinguished from both unlabeled
methamphetamine and methamphetamine-d;. This
method has sensitivity, precision, and accuracy suitable
for measuring pharmacokinetic parameters in human
studies. To determine interday precision and accuracy,
we carried out 13 different runs, with duplicate quality-
control samples at each of 5 concentrations. For intra-
day precision and accuracy data, we analyzed a run
consisting of a full complement of 9 calibration stan-
dards, along with 10 replicates of each quality-control
plasma concentration. The acceptance criterion was
that the calculated average concentration should be
within 15% of the spiked value.

For plasma, intraday precision and accuracy for
methamphetamine-d, and methamphetamine-d; ranged
from 4.3% coefficient of variation (CV) and 93.5%
accuracy at 1 ng/mL to 2.4% CV and 102.3% accuracy
at 250 ng/mL. Interday precision and accuracy for
methamphetamine-d, and methamphetamine-d; ranged
from 13.5% CV and 104.9% accuracy at 1 ng/mL to
3.5% CV and 98.5% accuracy at 250 ng/mL. Intraday
precison and accuracy for amphetamine-d, and
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amphetamine-d; ranged from 5.9% CV and 97.3% ac-
curacy at 0.5 ng/mL to 2.5% CV and 99.5% accuracy at
25 ng/mL. Interday precision and accuracy for
amphetamine-d, and amphetamine-d; ranged from
8.6% CV and 99.5% accuracy at 0.5 ng/mL to 4.9% CV
and 97.6% accuracy at 25 ng/mL.

For urine, intraday precision and accuracy for
methamphetamine-d, and methamphetamine-d; ranged
from 4.4% CV and 108.3% accuracy at 10 ng/mL to
3.8% CV and 105.2% accuracy at 10,000 ng/mL. In-
terday precision and accuracy for methamphetamine-d,
and methamphetamine-d; ranged from 11.7% CV and
100.2% accuracy at 10 ng/mL to 1.0% CV and 99.7%
accuracy at 250 ng/mL. The limit of quantitation for
methamphetamine-d, and methamphetamine-d; was 10
ng/mL. Intraday precison and accuracy for
amphetamine-d, and amphetamine-d; ranged from
10.8% CV and 109.6% accuracy at 1 ng/mL to 2.4%
CV and 102.4% accuracy at 1000 ng/mL. Interday
precison and accuracy for amphetamine-d, and
amphetamine-d; ranged from 13.8% CV and 95.6%
accuracy at 1 ng/mL to 1.6% CV and 100.4% accuracy
a 1000 ng/mL. The limit of quantitation for
amphetamine-d, and amphetamine-d; was 1 ng/mL.

Phar macokinetic analysis

Methamphetamine and amphetamine plasma con-
centration—time data were analyzed by noncompart-
mental methods,*° with the program WinNonlin, ver-
sion 3.0 (Pharsight Corp, Mountain View, Cdlif).
Except for predose samples, sample concentrations less
than the lower limit of quantitation were treated as
missing data points and were not used in the analysis.
Maximum plasma concentration (C,,,,,) and peak time
to maximum plasma concentration (t,,,,) were calcu-
lated with a computerized WinNonlin algorithm and
confirmed by visual inspection. AUCs were calculated
by use of the linear trapezoidal rule up to the maximum
concentration and thereafter by use of the logarithmic
trapezoidal rule.3 AUC was calculated to the last mea-
surable plasma concentration [AUC(0-t,,o), in which
t,. Was the time of the last measurable concentration].
The remaining area was extrapolated to infinity by
dividing the last measurable concentration by the ter-
minal exponential rate constant (\,). Summing these 2
segmented areas yielded the AUC profilefromtime O to
infinity [AUC(0-0)]. Terminal exponentia half-life
(t2) and N\, vaues were caculated from log-linear
regression of terminal phase data points [t,,, = (In[2])/
\z], in which the terminal phase was determined from
visual inspection of the plasma concentration—time pro-
files. Clearance (CL), termina exponentia volume of
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distribution (V,), steady-state volume of distribution
(V&), and mean residence time (MRT) values were
caculated by use of standard mathematic relation-
ships.® The MRT was calculated by an equation com-
pensating for the 15-minute time period during which
the deuterated methamphetamine was intravenously in-
fused.

Visual inspection of the plasmaand urinary excretion
data for both methamphetamine and amphetamine in-
dicated that renal clearance (CL,) could best be calcu-
lated by using only the O- to 24-hour data. Conse-
quently, renal clearance was calculated from the
following relationship: Urine amount from O to 24
hours/AUC from 0 to 24 hours. The fraction of meth-
amphetamine eliminated by renal excretion was calcu-
lated as renal clearance (CL,)/CL.

Absolute methamphetamine bioavailability (F) from
the nasal and smoked routes was calculated from the
following equation, with the use of plasma data®:
F = [Intravenous CL X Extravascular AUC(0-o0)]/Extra-
vascular dose.

Statistical analysis

Data were analyzed by repeated-measures ANOVA.
Treatment conditions (smoked or intranasal metham-
phetamine) and observation times (hours after dosing)
were considered within-subject factors. Change scores
(postdose minus predose values) were used in the anal-
ysis. After a significant F test, pairwise comparisons
were performed by use of least squares means analysis.
Effects were considered statistically significant at P =
.05. Data were adjusted for sphericity by use of the
Huynh-Feldt adjustment factor. Huynh-Fel dt—corrected
significance values are reported.

RESULTS
Comparison of deuterated versus nondeuter ated
methamphetamine plasma levels

Before this experiment, 4 male subjects with a mean
(=SD) age of 34 = 9 years were given 10 mg of a
50/50 mixture of deuterium-labeled and nonlabeled
d-methamphetamine intravenously for 15 minutes by
infusion pump. There was no significant difference
between deuterated and nonlabeled plasma concentra-
tions over time (Fig 1).

Subjects

Eight male subjects completed the study. Their mean
age was 40 years (range, 31-45 years). Self-reported
ethnicity was as follows: 1 black, 1 Hispanic, 4 non-
Hispanic white, and 2 mixed (Hispanic and non-
Hispanic white). Average methamphetamine use
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Fig 1. Mean plasma concentrations after 5 mg deuterium-labeled methamphetamine and 5 mg
nonlabeled methamphetamine in preliminary study (n = 4).

ranged from 3 times a week to 3 times a year. All
subjects had had experience using methamphetamine
with al 3 routes except for one, who had no intrave-
nous experience.

Phar macokinetic measures

The mean pharmacokinetic parameters for metham-
phetamine and amphetamine are shown in Tables |
through VI and Fig 2. Intranasal or smoked adminis-
tration resulted in similar t,,,, V<, and CL. However,
with 1 outlier excluded, t,,, occurred earlier with the
smoked route (P < .03). The fraction of methamphet-
amine excreted in the urine varied considerably, from
about 10% to 90%. Calculated methamphetamine renal
clearance was about 10% of that for amphetamine. If
we assume that (1) methamphetamine is completely
metabolized by the liver, (2) availability to the liver is
unity, (3) the blood-to-plasma concentration ratio is
unity, (4) linear kinetics prevail, and (5) hepatic blood
flow is 25 mL - min~* - kg™, the hepatic extraction
ratio was approximately 19%.

Subjects were able to extract a mean (=SD) dose of
22.2 + 8.4 mg methamphetamine from the 40 mg in the

2 pipes. However, this ranged from 11.3 to 36.4 mg
(28%-91%) extracted. Mean absolute bioavailability of
intranasal methamphetamine was approximately four
fifths (79%). Smoked bioavailability was one third
(37%) based on the dose loaded into the pipe (40 mg)
and two thirds (67%) based on the estimated delivered
dose after correction for drug remaining in the delivery
system after smoking (mean, 22.2 mg). Bioavailability
was significantly higher (P < .02) for the intranasal
route than for the smoked route based on the original
doses but was not statisticaly significantly different
based on the estimated delivered dose (P < .1).

Phar macodynamic measur es

Meaningful comparisons of drug effects between
routes and description of intensity and course of effects
were confounded by the intravenous dose and by un-
equal delivered doses between routes. Adjusted for
bioavailability, the mean intranasal dose was approxi-
mately 40 mg (79% of 50 mg) and the smoked dose was
approximately 15 mg (bioavailability of 37% X 40-mg
dose). Therefore the intravenous dose of 10 mg turned
out to be a substantial proportion of the total doses
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Table |. Methamphetamine-d; plasma pharmacokinetic parameters after 10 mg deuterated methamphetamine
administered intravenously by constant-rate intravenous infusion (15 minutes)

Crrax AUC(0-t,,) AUC(0-)
Concomitant dosing (ng/mL) trax (D) (ng - h/mL) (ng - h/mL) AUC,_, (%)
With 50 mg intranasal 377+ 150 355+ 827 491 * 194 523 + 206 6.20 = 2.13
methamphetamine-d,,
With 40 mg smoked 41.2 = 16.9 1.00 = 0.641 478 + 150 514 + 169 6.49 = 2.21

methamphetamine-d,

Data are presented as mean = SD.

Crnax: Maximum plasma concentration; t,,,., time of C,.; AUC(0-t,.), area under plasma concentration-time curve from time 0 until time of last measurable plasma
concentration; AUC(0-), area under plasma concentration-time curve from time 0 to infinity; AUC,,,, extrapolated area from time of last measurable plasma
concentration to infinity (expressed as a percent), \,, terminal exponential rate constant; t,,,, terminal exponential half-life; CL, clearance; V,, terminal exponential
volume of distribution; V., steady-state volume of distribution; MRT, mean residence time.

Table I1. Methamphetamine-d, plasma pharmacokinetic parameters after methamphetamine-d, administered
intranasally or smoked (simultaneously with 10 mg intravenous deuterated methamphetamine by constant-rate

intravenous infusion over 15 minutes)

Crrax AUC(0-t,.o) AUC(0-)
Route (ng/mL) trax (M) (ng - h/imL) (ng - h/mL)
Intranasal 50 mg 113+ 231 2.66 = 1.16 1950 + 576 2000 = 599
Smoked 40 mg 509 £ 247 247 £ 3.91 775 = 522 801 + 526

Data are presented as mean = SD.
F, Absolute bioavailability (expressed as a percent).

Table I11. Amphetamine-d; plasma pharmacokinetic parameters after 10 mg deuterated methamphetamine
administered intravenously by constant-rate intravenous infusion (15 minutes)

Crrax AUC(0-t,.) AUC(0-)
Concomitant dosing (ng/mL) trax () (ng - h/imL) (ng - h/mL)
Intranasal 50 mg 1.85 + 0.50 188 + 5.95 63.1+ 22.2 738 +£17.8
Smoked 40 mg 2.00 = 0.874 16.8 = 5.75 66.8 = 35.2 80.0 = 34.0

Data are presented as mean = SD.

Table IV. Amphetamine-d, plasma pharmacokinetic parameters after methamphetamine administered intranasally
or smoked (simultaneously with 10 mg intravenous deuterated methamphetamine by constant-rate intravenous

infusion over 15 minutes)

Crrx AUC(0-t,,) (ng AUC(0-)
Route (ng/mL) trrax () - h/mL) (ng - h/mL)
Intranasal 50 mg 9.12 = 2.39 17.3 =595 344 + 102 371+ 104
Smoked 40 mg 3.71+ 288 153+ 5.12 129 + 115 148 + 122

Data are presented as mean = SD.

(about onefifth [10/50 mg] to two fifths[10/25 mg]). In
addition, the absorbed intranasal dose was about twice
the delivered smoked dose. Perhaps not surprisingly,
there were no significant differencesin physiologic and
subjective effects between conditions (intranasal versus
smoked).

The time course of severa subjective effects is
shown in Fig 3. The reported intoxication levels of

about one half of the “most ever” used are consistent
with the level produced by the amount typically used
outside the laboratory based on patient reports. Intra-
nasally administered methamphetamine produced a
mean (+SD) increase in systolic blood pressure from a
baseline of 121 = 10 mm Hg to apeak of 141 + 13 mm
Hg, in diastolic blood pressure from 76 = 7 mm Hg to
86 = 7 mm Hg, and in heart rate from 73 = 9 beats/min
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CL(mL-ht.

N, (L/h) tyo (h) kg™) V, (L/kg) V« (L7kg) MRT (h)
0.0628 + 0.0158 11.8 + 3.59 272 £ 733 4.38 = 0.948 4.30 = 0.930) 16.6 + 4.34
0.0661 + 0.0159 11.0 = 2.68 271 = 70.8 4.12 + 0.641 4.02 = 0.607 15.5 + 3.55
AUC, (%) \, (L/h) ty» (h) F
272+ 1.09 0.0672 = 0.0134 10.7 = 2.39 79.4 + 131
3.89 £ 2.30 0.0676 *= 0.0146 10.7 = 211 374+ 142

Plasma AUC(0-x) ratio:

AUC, (%) \, (L/h) ty» (h) Amphetamine/methamphetamine (%)
163+ 15.2 0.0479 + 0.0153 16.2 = 6.35 155+ 5.79
18.8 = 153 0.0437 = 0.0125 16.9 = 4.37 16.1 = 5.55

Plasma AUC(0-x) ratio:

AUC, (%) \, (L/h) ty» (h) Amphetamine/methamphetamine (%)
7.63 + 6.65 0.0509 = 0.0150 15.2 + 6.42 193+ 6.01
143 = 8.78 0.0460 =+ 0.0148 16.3 = 445 178 = 6.23
to 94 *+ 13 beats/min. Smoked methamphetamine pro- DISCUSSION
duced a mean (+SD) increase in systolic blood pres- Deuterium labeling allowed simultaneous adminis-
sure from 121 = 10 mm Hg to apeak of 137 = 11 mm tration of a known systemic dose of deuterated intra-
Hg, in diastolic blood pressure from 73 + 10 mm Hg to venous drug along with unlabeled intranasal or smoked
83 = 8 mm Hg, and in heart rate from 76 += 10 methamphetamine to facilitate calculation of absolute

beats/min to 106 + 19 beatsmin. biocavailability. In addition, simultaneous administra-
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Table V. Ratio of amphetamine to methamphetamine renal clearance values determined from data from 0 to 24

hours
Amphetamine/
Amphetamine CL, Methamphetamine CL, methamphetamine
(mL - h kg™ (mL - b kg™) CL, ratio
IV with nasa 1240 + 825 974+ 519 13.0 = 6.19
IV with smoked 1270 + 1030 94.4 + 53.7 123+ 4.72
Nasal 957 + 586 102 + 55.1 9.75 + 3.83
Smoked 1120 + 907 98.9 = 55.9 10.5 = 3.59
Data are presented as mean = SD.
CL,, Rena clearance; IV, intravenous.
Table VI. Methamphetamine percent of dose excreted in urine and related parameters
Percent dose
Route of Amount in urine from AUC(0-24) CL, CL excreted in urine
administration 0to 24 h (ng) (ng - h/mL) (mL -h™ - kg™ (mL -h™ kg™ (CL,/CL)
IV nasa 2,700,000 =+ 1,250,000 380 + 89.5 97.4 = 52 284 + 59.0 36.4+ 184
IV smoked 2,740,000 *+ 1,420,000 396 = 95.1 94.4 = 537 271+ 70.8 344+ 170
Nasal 11,300,000 + 5,770,000 1,510 + 306 102 + 55.1 284 + 59.0* 39.3+245
Smoked 3,840,000 =+ 1,920,000 613 + 362 98.9 = 55.9 271 + 70.8* 36.0 = 17.7

Data are presented as mean = SD.

AUC(0-24), Area under plasma concentration-time curve from O to 24 hours.

*|ntravenous CL used.

tion in pharmacokinetic experiments eliminates incon-
sistent effects produced by unknown factors on differ-
ent days. However, a disadvantage is that it is
complicated to interpret physiologic and subjective
data from simultaneous administration if the intrave-
nous dose makes up a substantial portion of the total
dose, because pharmacodynamic effects cannot be sep-
arated by deuterium labeling. In retrospect, we should
have used a much lower traced dose for the intravenous
dose.

This is the first report of the biocavailability of intra-
nasal methamphetamine. Methamphetamine was
readily available (mean, 79%). This information may
be of interest to patients, health care providers, and
toxicologists.

Smoked methamphetamine had mean bioavailability
values based on delivered dose of 67% and 37% when
calculated on the basis of total pipe dose. The bioavail-
ability of the delivered dose was less than that reported
by Cook et a,?* who found a bioavailability of 90%
with a similar delivered dose. It is possible that the
higher pipe temperature (approximately 300°C) or
dlightly different smoking technique used in that study
enhanced absorption. It is likely that experienced pipe
users might be able to increase the dose delivered,
although, with the common method of holding the pipe

over a flame, variable and indeterminate loss to pyrol-
ysisislikely. Nevertheless, most users would likely get
a pipe dose hiocavailability of between 37% and 67%,
perhaps in the higher part of that range with good
smoking and heating technique, because they would not
be limited to 2 puffs per pipe and could better experi-
ment with smoking techniques to optimize delivery.
Depending on the actual amount of drug delivered by
smoking, this might still be significantly less than the
amount available from insufflation according to our
findings (although results from the study by Cook et al
suggest that smoking could deliver more). However,
drug-dependent persons are less concerned with plasma
levels than they are with obtaining the initial intoxica-
tion effects (“rush”) that are commonly reported as
more prominent with the smoked route than with snort-
ing.%? Patients who have switched to intranasal use
because of concern about the health risks of the intra
venous and smoked routes or for other reasons are
likely to be less concerned with differences in biocavail-
ability, because methamphetamine is relatively inex-
pensive and dosage adjustments are easy.

Harm reduction encompasses a wide variety of ap-
proaches to decreasing risk associated with drug use.*
One potential impact of these findings in the treatment
planning of patients in harm-reduction programs would
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Fig 2. Mean methamphetamine and amphetamine plasma concentrations (n = 8). d-0, From
smoked or intranasal methamphetamine; d-3, from intravenously (IV) administered methamphet-

amine. Error bars represent SE.

be that education about the bioavailabilities of other
routes might help with risk assessment. Some patients
might be under the impression that, because the rush or
high from snorting is less than that from theintravenous
or smoking routes, they are really using a much smaller
dose. However, after snorting, sustained plasma levels
only slightly lower than the level from intravenous use
(79%) would likely produce longer-term problems al-
most as severe as would the same amount injected.
Knowledge of intranasal bioavailability would help to
more accurately assess risk.

Several pharmacokinetic parameters for smoked and
intravenous methamphetamine were similar to those
reported by Cook et a.?* The mean AUC(0-) in our
study was about 20% less than that of Cook et d,
consistent with their greater bioavailability finding.
Amphetamine excreted in the urine in their study was
approximately 15% to 20% that of methamphetamine
on amolar basis, similar to the uncorrected ratio of the
AUCsin our study. Renal clearance of amphetamine, in
contrast, was about 10 times that of methamphetamine.
Because methamphetamine renal clearance decreases
with dose® and the ratio of plasma concentrations of
amphetamine to methamphetamine increases over time,

this ratio might also vary depending on the metham-
phetamine dose or the period of urine collection. The
fraction of methamphetamine excreted in the urine and
the ratio of amphetamine to methamphetamine renal
clearance fluctuated considerably. This may be in part
because we did not control for urine pH because of
infrequent measurement and its instability. Urine pH
has been shown to be correlated with and to greatly
influence renal excretion of methamphetamine.>3
Our subjective effects data suggest that the metham-
phetamine doses administered in this study were in the
range of doses used outside of a laboratory setting.
Mean subjective “high” (approximately 50) for the
smoked dose in our study was dightly higher than that
reported by Perez-Reyes et al?® (approximately 35), as
might be expected with our concurrent administration
of the intravenous dose. In our study and that of Perez-
Reyes et a, significant increases in blood pressure and
heart rate followed methamphetamine. We included no
placebo condition, so subject expectations may have
influenced subjective responses. Because the intrave-
nous dose contributed a significant proportion of the
total doses for both intranasal and smoked methamphet-
amine conditions, the intravenous dose confounds de-
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scriptions of the physiologic and subjective effects
comparisons in the 2 conditions. In addition, the dif-
ferent doses were delivered by the 2 routes. The ab-
sence of significant differences in pharmacodynamic
effects between conditions suggests the total doses ad-
ministered may have been roughly equivalent or that
both conditions had reached a dose threshold for the
expression of most physiologic and subjective effects.
However, caution is appropriate when one interprets
comparisons in pharmacodynamic data between admin-
istration routesin this study because of the confounding
factors of unequal doses and the concurrent intravenous
dose.

In conclusion, a substantial proportion of metham-
phetamine is available from smoked (67%) or intrana
sal (79%) administration. Thisinformation may be use-
ful in risk assessment and planning treatment strategies
for those who have changed the route of use but have
not stopped using methamphetamine.

We thank Nora Chiang, PhD, National Institute on Drug Abuse
Medication Development Division Project Officer; Scott Fields,
PharmD, University of California, San Francisco, investigational
pharmacist; Tina Melby, Emilio Fernandez, Rajneesh Nath, Cather-
ine Chin, Ellen Herbst, Boris Heifets, and the staff of the General
Clinical Research Center at the University of California, San Fran-
cisco, for assistance in conducting the study; and Kaye Welch for
administrative and editorial assistance.

The authors have no financial or personal relationships that could
be perceived as influencing the described research.

References

1. Increasing morbidity and mortality associated with abuse
of methamphetamine-United  States, 1991-1994.
MMWR Morb Mortal Wkly Rep 1995;44:882-7.

2. Substance Abuse and Mental Health Services Adminis-
tration, Office of Applied Studies. National household
survey on drug abuse, 1999-2001. Washington: Govern-
ment Printing Office (US); 2001.

3. Drug and Alcohol Services Information System. Am-
phetamine treatment admissions increase: 1993-1999.
The DASIS report. Washington: Substance Abuse and
Mental Health Services Administration; 2001.

4. Marlatt GA, editor. Harm reduction. New Y ork: Guilford
Press; 1998.

5. Farnsworth TL, Brugger CH, Malters P. Myocardial in-
farction after intranasal methamphetamine [letter]. Am J
Health Syst Pharm 1997;54:586-7.

6. Furst SR, Fallon SP, Reznik BN, Shah PK. Myocardial
infarction after inhalation of methamphetamine [letter].
N Engl J Med 1990;323:1147-8.

7. lsrael JA, Lee K. Amphetamine usage and genital self-
mutilation. Addiction 2002;97:1215-8.

8. Lambrecht GL, Mabrain ML, Chew SL, Baeck E, Ver-
braeken H. Intranasal caffeine and amphetamine causing
stroke. Acta Neurol Belg 1993;93:146-9.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Harris et al 485

. Sachdeva K, Woodward KG. Caudal thalamic infarction

following intranasal methamphetamine use. Neurology
1989;39:305-6.

Shaw HE Jr, Lawson JG, Stulting RD. Amaurosis fugax
and retinal vasculitis associated with methamphetamine
inhaation. J Clin Neuroophthalmol 1985;5:169-76.
Wallace RT, Brown GC, Benson W, Silvalingham A.
Sudden retinal manifestations of intranasal cocaine and
methamphetamine abuse. Am J Ophthalmol 1992;114:
158-60.

Zeiter JH, Corder DM, Madion MP, McHenry JG. Sud-
den retinal manifestations of intranasal cocaine and meth-
amphetamine [letter]. Am J Ophthalmol 1992;144:780-1.
Beebe DK, Walley E. Smokable methamphetamine
(‘ice’): an old drug in a different form. Am Fam Physi-
cian 1995;51:449-53.

Hong R, Matsuyama E, Nur K. Cardiomyopathy associ-
ated with the smoking of crysta methamphetamine.
JAMA 1991;265:1152-4.

Perez JA Jr, Arsura EL, Strategos S. M ethamphetamine-
related stroke: four cases. J Emerg Med 1999;17:469-71.
Yen DJ, Wang SJ, Ju TH, Chen CC, Liao KK, Fuh JL, et
al. Stroke associated with methamphetamine inhalation.
Eur Neurol 1994;34:16-22.

Beebe DK, Walley EJ. Ice—a new drug of concern? J
Miss State Med Assoc 1994;35:225-7.

Derlet RW, Heischober B. Methamphetamine: stimulant
of the 1990s. West J Med 1990;153:625-8.

Mack RB. The iceman cometh and killeth: smokable
methamphetamine. N C Med J 1990;51:276-8.

Cook CE. Pyrolytic characteristics, pharmacokinetics
and bioavailability of smoked heroin, cocaine, phencyc-
lidine and methamphetamine. National Institute on Drug
Abuse Research Monograph No.: 115. Bethesda (MD):
National Institute on Drug Abuse; 1991. p. 6-23.

Cook CE, Jeffcoat AR, Hill M, Pugh DE, Patetta PK,
Sadler BM, et al. Pharmacokinetics of methamphetamine
self-administered to human subjects by smoking S—(+)-
methamphetamine hydrochloride. Drug Metab Dispos
1993;21:717-23.

Perez-Reyes M, White WR, McDonad SA, Hill M,
Jeffcoat AR, Cook CE. Clinical effects of methamphet-
amine vapor inhalation. Life Sci 1991;49:953-9.
Gossop M, Griffiths P, Powis B, Strang J. Severity of
dependence and route of administration of heroin, co-
caine and amphetamines. Br J Addict 1992;87:1527-36.
Benowitz NL, Jacob P Ill. Metabolism of nicotine to
cotinine studied by a dua stable isotope method. Clin
Pharmacol Ther 1994;56:483-93.

Cook CE, Jeffcoat AR, Sadler BM, Hill M, Voyksner
RD, Pugh DE, et al. Pharmacokinetics of oral metham-
phetamine and effects of repeated daily dosing in hu-
mans. Drug Metab Dispos 1992;20:856-62.
Perez-Reyes M, White WR, McDonald SA, Hicks RE,
Jeffcoat AR, Hill JM, et a. Clinical effects of daily



486 Harris et al

27.

28.

29.

methamphetamine administration. Clin Neuropharmacol
1991;14:352-8.

Mendelson J, Jones RT, Upton R, Jacab P 111. Metham-
phetamine and ethanol interactionsin humans. Clin Phar-
macol Ther 1995;57:559-68.

Gal J. Synthesis of (R)- and (S)-amphetamine-d; from
the corresponding phenylalanines. J Labelled Comp Ra-
diopharm 1977;13:3-9.

Jacob P 111, Tisdale EC, Panganiban K, Cannon D, Zabel
K, Mendelson JE, et a. Gas chromatographic determina-
tion of methamphetamine and its metabolite amphet-
amine in human plasma and urine following conversion
to N-propy! derivatives. J Chromatogr 1995;664:449-57.

30.

3L

32.

33.

CLINICAL PHARMACOLOGY & THERAPEUTICS
NOVEMBER 2003

Gibaldi M, Perrier D. Pharmacokinetics. 2nd ed. New
York: Marcel Dekker; 1982. p. 27-109, 409-16.

Chiou WL. Critical evaluation of the potential error in
pharmacokinetic studies using the linear trapezoidal rule
method for the calculation of the area under the plasma
level-time curve. J Pharmacokinet Biopharm 1978;6:539-
46.

Methamphetamine information. Available from: URL:
http://www.stopaddiction.com/narconon_drugs_metham
phetamine.html. Accessed Oct 14, 2003.

Beckett AH, Rowland M. Urinary excretion kinetics of
methylamphetamine in man. J Pharm Pharmacol 1965;
17:109s-14s.



	The bioavailability of intranasal and smoked methamphetamine
	METHODS
	General design
	Subjects
	Synthesis of deuterated methamphetamine
	Study procedures
	Physiologic measures
	Subjective measures
	Assays

	Pharmacokinetic analysis
	Statistical analysis

	RESULTS
	Comparison of deuterated versus nondeuterated methamphetamine plasma levels
	Subjects
	Pharmacokinetic measures
	Pharmacodynamic measures

	DISCUSSION
	References


