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tacrine in patients with Alzheimer’s disease
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Aims To study the potential utility of caffeine based probes of CYP1A2 enzyme
activity in predicting the pharmokinetics of tacrine in patients with Alzheimer’s
disease.

Methods The pharmokinetics of a single 40 mg oral dose of tacrine were measured
in 19 patients with Alzheimer’s disease. Each patient also received 2 mg kgi1 [13C-
3-methyl] caffeine orally and had breath and urine samples collected.

Results Tacrine oral clearance (CL F' kgil), which varied 15-fold among the
patients, correlated significantly with the 2 h total production of CO, in breath
(r=0.56, P=0.01), and with each of two commonly used urinary caffeine metabolite
ratios: the ‘paraxanthine/caffeine ratio’ (1,7X+1, 7U)/1,3,7X) (r=0.76, P=0.0002)
and the ‘caffeine metabolic ratio’ (AFMU +1X 4 1U)/1, 7U)(r=0.76, P=0.0001).
Conclusions These observations support a central role for CYP1A2 in the in vivo
disposition of tacrine and the potential for drug interactions when tacrine treated
patients receive known inducers or inhibitors of this enzyme. The magnitude of the
correlations we observed, however, are probably not suffcient to be clinically useful

in individualizing tacrine therapy.
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Introduction

Tacrine, a reversible cholinesterase inhibitor, is an approved
drug for the treatment of patients with Alzheimer’s disease
[1, 2]. It is recommended that patients begin treatment at a
low dose of tacrine (40 mg day_1 in four divided doses),
with dose escalation every 6 weeks until side effects are
encountered, or until the maximal recommended dose of
drug (160 mg dayil) is achieved [3]. Cholinergic symptoms
(nausea and vomiting) are the most frequent side effects
observed in patients during dose titration. However, many
patients never experience cholinergic side effects. For these
patients, the recommended titration sequence may be
unnecessary and result in ineffective treatment for several
months.

Cholinergic side effects of tacrine have been shown to
correlate significantly with plasma levels of parent drug [4].
Monitoring of plasma tacrine levels might therefore allow
more rapid dose titration and decrease the incidence of
cholinergic side effects. This is not currently an option for
most physicians prescribing tacrine, because plasma level
assays are not commercially available.

Several recent observations have suggested that it might
be possible to use caffeine as a surrogate ‘probe’ to predict
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tacrine kinetics in patients. Tacrine, like caffeine, is essentially
completely absorbed from the digestive tract [5, 6]. Tacrine
undergoes extensive first pass metabolism and has multiple
metabolites. Only small amounts of tacrine appear as
unchanged drug in urine with no single metabolite
accounting for more than 5% of the dose excreted in urine.
Both caffeine and tacrine are chiefly metabolized by
CYP1A2 [7-9]. Studies have indicated that there is up to
60-fold interpatient variation in liver CYP1A2 catalytic
activity [10]. Relatively simple assays of specific caffeine
metabolites in urine or breath have been proposed as
convenient estimates of in vivo CYP1A2 activity [11]. We
reasoned that if CYP1A2 activity is rate limiting in tacrine
clearance, the results of these caffeine tests might predict
tacrine kinetics in patients. This hypothesis is supported by
an incidental observation we made when investigating
tacrine liver toxicity [12]. In 39 patients with Alzheimer’s
disease, we found that CYP1A2 activity, as measured using
the [13C—3—N—methyl] caffeine breath test, did not identify
the individuals most susceptible to tacrine induced liver
injury. However, in 10 of the patients participating in this
study, tacrine plasma concentrations were determined after
12 weeks of therapy. We found a highly significant
correlation between these plasma levels and the caffeine
breath test results that we had obtained before the patients
started tacrine (P=0.003). These observations were retro-
spective and difficult to interpret since only single blood
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levels of tacrine had been obtained, and there had been
considerable attrition in the number of patients participating
in the study by the time the blood levels were determined.

In the current study, we administered caffeine to patients
with Alzheimer’s disease and then measured urine and breath
metabolites to derive three commonly used estimates of
CYP1A2 activity. The results of these tests were then
correlated with the apparent oral clearance of tacrine
determined in each patient to see if any of the caffeine
based tests would be clinically useful tools in estimating
tacrine kinetics in vivo.

Methods

Patient population

Patients with Alzheimer’s disease considering tacrine therapy
but not currently receiving the medication were recruited
through the Cognitive Disorders Clinic in the Department
of Neurology at the University of Michigan Medical Center
(UMMC) for participation in this study. All patients met
the NINCDS/ADRDA diagnostic criteria of possible or
probable Alzheimer’s disease of mild to moderate severity
and were greater than 50 years old [13]. Male and female
patients of varying ethnic backgrounds were recruited. A
complete chart review, history and physical examination,
screening blood work, and interview with prospective
subjects and their care givers was undertaken by one of the
physician investigators (RJF). Patients were selected on the
basis of being non-smokers who were capable of providing
sequential breath and urine samples. Patients also had to be
capable of complying with dietary restrictions before and
during the study. Patients were excluded if they were
receiving any drugs known to be substrates, inducers, or
inhibitors of CYP1A2 (i.e. theophylline,
cimetidine) [14—17]. Patients with other degenerative brain

omeprazole,

disorders, significant active medical problems including
hypertension, heart and lung disease, peptic ulcer or other
gastrointestinal mucosal disease, liver and kidney disease, or
known intolerance to caffeine or tacrine were excluded.
Over 50 patients with Alzheimer’s disease were contacted,
and 22 patients agreed to be enrolled in the study. All
patient testing and methods were approved by the UMMC
Institutional Review Board. Informed consent was obtained
before enrollment from the patient and/or their recognized
guardian or principal care giver.

Patient protocol

Patients recruited for the study underwent all testing in the
University of Michigan General Clinical Research Center
(GCRCQC). A baseline ECG, urinalysis, CBC, serum electro-
lytes, and liver function tests were obtained as an outpatient
within 2 weeks of the scheduled testing. Subjects were
asked to abstain from methylxanthine containing foods and
beverages for 72 h prior to admission and throughout the
duration of the 3 day study. Compliance was checked by
reviewing a 3 day diet diary recorded immediately prior to
admission by the patient’s care giver that included the
amount, type, and time of all food and beverage intake.
Subjects received a standardized, ‘inducer free’ isocaloric
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diet throughout the protocol (i.e. containing no chargrilled
meats, methylxanthines, or fruits and vegetables) [18—20].
Patients were randomized to receive either caffeine or a
single 40 mg dose of tacrine at 08:00 on Day 2 and the
other drug at 08:00h on Day 3 after an overnight fast.
Breath and urine samples were periodically collected
tollowing caffeine administration for 24 h. Plasma samples
were collected for 12 h after tacrine administration using a
forearm heparin lock. Vital signs and frequent monitoring
of all patients was conducted following drug administration.
Subjects were instructed not to eat or drink any foods or
beverages other than water for 4 h after drug administration.
Outpatient prescription medications were administered at
their usual doses no earlier than 4 h after ingestion of tacrine
or caffeine. Patients and their care givers were allowed to
ambulate as tolerated in the GCRC throughout the study.
Twenty-two patients were recruited and completed the
protocol. The blood samples from the first two patients
were inappropriately handled by our laboratory (serum was
prepared instead of plasma) and a third patient’s blood
samples were lost in transit to the contract assay laboratory.
The remaining 19 patients form the basis of this report.

Caffeine breath test (CBT')

Nineteen subjects received a 2 mg kgf1 dose of [C-
3-methyl] caffeine at 08:00 h on Day 2 or Day 3. The [BC
3-methyl] caffeine was supplied as part of a commercially
available kit (Metabolic Solutions, Merrimack, NH) . The
2mg kg_1 dose was dissolved in 250 ml of water and
administered to subjects after an overnight fast. The caffeine
solution was followed by a 250 ml water rinse of the
container. Subjects were allowed to drink tap water as
desired following caffeine ingestion. Exhaled breath samples
were collected at time 0, 30, 60, 90, and 120 min after
caffeine administration using a Quintron Alveo Sampler
device (Quintron, Milwaukee, WI). Four breath samples
were obtained at baseline and duplicate breath samples were
obtained at all other time points. Breath samples were stored
in 10 ml evacuated glass tubes (Exetainers, Labco, U.K.) at
room temperature. The CO, content in exhaled breath
samples was determined using gas chromatography mass
spectral analysis at Metabolic Solutions facilities within 4
weeks of sample collection. Comparison to standard reference
gas samples using previously established methods was
employed [21]. The measured C/"*C ratio in each sample
was used to calculate the extent of demethylation of the
parent compound. There were excellent intrapatient corre-
lations between the total "CO» produced in the following
intervals: 0-30, 0—60, 0-90, and 0—120 min (data not
shown). The results were reported as the % of administered
C dose exhaled over 2 h, as is customarily reported in the
literature [21, 22].

Caffeine urine metabolite testing

Pre-dose urine samples and all urine collected from 0—4 h,
4-6h, 6-12h, and 12-24h was quantified and stored.
Within 24 h of sample collection, 3 ml aliquots of urine
were saved and stored in sterile plastic containers at —20° C
for future analyses. Metabolism of caffeine in humans
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involves an initial demethylation step that results in the
formation of several dimethylxanthines that are then further
metabolized. As was recently reviewed by Kalow, several
non-invasive tests utilizing caffeine urinary metabolites have
been reported to provide estimates of CYP1A2 activity in
man(11]. In our study, the 4—6 h urine sample collected in
all 19 patients was used to determine the ‘paraxanthine/
caffeine ratio’ as recently described by Kadlubar [23]. The
12—24 h urine sample collected in all 19 patients was tested
for the presence of 5-acetylamino-6-formyl-amino-
3-methyluracil ~ (AFMU), 1-methylxanthine (1 X),
1-methylurate (1 U), and 1,7-dimethylurate (1,7 U) to
determine the ‘caffeine metabolic ratio’ as recently described
by Kalow [11].

Paraxanthine/Caffeine ratio-(PCUR)

Urine samples collected 4—6 h after caffeine(1,3,7 X) inges-
tion, were assayed for the concentrations of
1,7-dimethylurate (1,7 X), 1,7 U, and 1,3,7-trimethyl xan-
thine, caffeine (1,3,7 X) in the Laboratory of Dr L. Kaminsky
of Wadsworth Laboratories, Albany, NY using h.p.l.c. The
ratio (1,7 X+1,7 U)/1,3,7 X was calculated as an index of
CYP1A2 activity. Urine samples stored at —20° C, were
transported on dry ice to Albany for analyses. Urine (4 ml)
was solid phase extracted on a Lida DS column (6 ml).
Recoveries were 88.0+5.3% for 1,3, 7 X, 91.8+2.6% for
1,7 X, and 49.34+6.5% for 1,7 U. H.p.l.c. analyses were
conducted per previously reported methods [24] with a
0.045% acetic acid (A) solvent gradient modified as follows:
100% A (0 min), 80% A (12 min), 80% A (18 min), 50% A
(20 min), 50% A (26 min), 100% A (28—52 min) at a flow
rate of 1.1 mlmin~'. The lower limit of detection was

1 ng ml ™"

Caffeine metabolic ratio (CMR)

Urine samples collected 12—24 h after caffeine ingestion,
were sent on dry ice to the Laboratory of Dr Bing-Kou
Tang at the University of Toronto for the analysis of
concentrations of AFMU, 1 X, 1U, and 1,7 U. The ratio
(AFMU+1X+1U)/1,7U (CMR) was calculated as an
index of CYP1A2 activity. The caffeine metabolites were
measured by h.p.l.c. as previously described [25]. In brief,
the xanthine and urates were extracted by organic solvent
from the acidified urine and then determined by h.p.l.c.
with an Ultrasphere ODS caffeine column (Beckman
CA). AFMU was converted to
5-acetylamino-6-amino-3-methyluracil (AAMU) by a
10 min exposure to sodium hydroxide at pH 10. The total
acetylated metabolite in urine in the form of AAMU was
determined by exclusion chromatography with a TSK-GEL
G2000PW column (TOSOHAAS, PA). All samples were
run in duplicates.

Instruments, Inc.,

Tacrine pharmacokinetics

All subjects received 40 mg tacrine (Cognex®, Parke-Davis
Pharmaceuticals, Division of Warner-Lambert Co., Morris
Plains, NJ) along with 250 ml of water at 08:00 h on Day
2 or Day 3 after an overnight fast. Subjects were NPO and
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only allowed to drink water for 4 h after tacrine ingestion.
Blood samples were collected in heparinized tubes immedi-
ately before dosing and 0.5 to 12 h postdose. Plasma was
stored frozen until assayed for tacrine and 1-OH tacrine
according to a validated h.p.l.c./fluorescence assay by Oneida
Research Services, Inc., Whitesboro, NY [26]. The lower
limit of quantitation was 0.5 ng ml~" for tacrine and
1 ng ml~" for 1-hydroxytacrine. Precision (%RSD) based
on quality control samples analyzed with study samples
ranged from 3.5% to 8.4%; accuracy (%RE) of quality
control samples ranged from —2.0% to 10%.

Pharmacokinetic parameters were calculated by noncom-
partmental analysis of plasma concentration-time data. Area
under plasma concentration-time curve (AUC) was calcu-
lated using the linear trapezoidal method. AUC was
calculated from time zero to infinity. Apparent elimination-
rate constant (A,) was determined by linear regression of the
natural logarithm (In) of plasma drug concentration over
time during the elimination phase; apparent elimination
half-life (t,,,) was calculated as 0.693/%,. Tacrine oral
clearance (CL/F) was calculated as dose/AUC.

Diet diary analysis

The diet diaries prospectively recorded for each patient 3
days prior to clinical testing were reviewed by a dietician.
The mean daily calorie content, macronutrient composition,
and presence of foods with known effects on human
cytochrome P-450 expression were carefully analyzed (data
not shown). Most patients complied with pre-testing dietary
restrictions although meals containing small amounts of
cooked cruciferous vegetables were noted in ~50% of
subjects. Four subjects had consumed grapefruit within 3
days of study testing but the results of their caffeine urine
and breath tests did not appear to be different from the
other subjects (not shown).

Statistical analysis

The strength of the linear relationships between the CBT,
CMR, PCUR, and pharmacokinetic parameters was assessed
with Pearson’s product-moment correlation coefficient.
Models for explaining variation in the pharmacokinetic
parameters were constructed by use of linear regression with
forward variable selection. Logarithmic transformation was
performed when necessary to normalize data.

Results

Nineteen patients completed the study and had evaluable
data (see Methods). All subjects had mild to moderate,
possible or probable Alzheimer’s disease of varying duration.
The mean age of study participants was 71 years (range
54—87 vyears) with seven male and 12 female subjects
successfully completing the study. Seventeen subjects were
receiving stable doses of a variety of prescription medications
while only two patients were receiving no additional
medications (Mean number of medications=2.68/patient;
range: 0—9 per patient). Serum creatinine values varied from
0.7 to 1.3 mg dl™" and the estimated creatinine clearance,
calculated using the Cockcroft-Gault method [27], varied
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over three fold among the nineteen patients with a mean
value of 60.3 ml min~ " (range: 30.6—99.0 ml minfl).

The mean (+s.d.) CBT result in the 19 subjects was
4.1541.64%/2 h, the mean PCUR result was 1.37 4+0.80,
and the mean CMR result was 5.9542.38. The degree of
interindividual variation in test results was ~5 fold for the
CBT (1.35%/2h—6.73%/2 h), ~4 fold for the CMR
(2.72-11.44), and ~16 fold for the PCUR (0.22-3.63).
The observed interindividual variation in the caffeine test
results in this study, with the PCUR demonstrating the
greatest variation, is consistent with findings from other
studies involving healthy subjects [11, 28-30].

There were significant intraindividual correlations among
the various caffeine test results (Table 1). The correlation
between the CMR and CBT results (r=0.745, P=0.0002),
the CMR and PCUR results (r=0.693, P=0.001), and the
CBT and PCUR results (r=0.580, P=0.0093) were all
significant. Each of these correlations remained significant
(P<0.02) when a Spearman Rank (non-parametric) analysis
was employed. It has recently been suggested that renal
factors including urinary flow rate may influence the urinary
caffeine metabolite ratios, particularly the PCUR [25]. In
support of this, the PCUR but not the CMR test results
correlated with the urinary flow rate measured during the
corresponding collection interval (r=0.491, P=0.0328 and
r=0.133, P=0.586 respectively, data not shown).

There was substantial interpatient variability in the
observed pharmacokinetic parameters of tacrine (Figure 1
and Table 2). There was nearly 9 fold interpatient variation
in the C,,, values and 14 fold interpatient variation in the
calculated AUC and apparent oral clearance of tacrine.
Absorption of drug from the gastrointestinal tract was fairly
rapid, as previously reported, with ., varying from 1.0 to
3.0 h. The apparent elimination half-life could be readily
calculated in all cases and ranged from 2.0 to 4.2 h, consistent
with previous reports [31-34].

The aim of our study was to determine whether any of
the three caffeine test results could significantly predict the
apparent oral clearance of tacrine. Correlations between the
clearance of tacrine and the CBT, CMR, and PCUR can be
seen in Figure 2. In each case, the correlation was significant
(Table 1), the correlation with the CMR being the best

40

Plasma tacrine concentration (ngml™)

Time (h)

Figure 1 Individual (n=19) plasma tacrine concentrations after
oral administration of 40 mg tacrine.

(r=0.765 P=0.0001). The correlations generally improved
when the clearance of tacrine was corrected for subject
weight. The ability of the tests to predict the C,,,, of tacrine
was less than that of predicting the oral clearance of tacrine.

The formation of 1-OH tacrine was rapid as demonstrated
by the early detection of this metabolite in plasma with £,
ranging from 0.5 to 3.0 h. Marked interindividual variability
in the pharmacokinetic parameters of 1- OH tacrine was also
observed (Table 2). The C,,,. of 1-OH tacrine showed over
four-fold variation and the mean C,,. of this metabolite
exceeded the C,,,. of parent tacrine by nearly two fold in
every patient. There was nearly six-fold variation in the AUC
and apparent oral clearance of 1-OH tacrine. The absolute
value of the AUC 1-OH tacrine exceeded that of AUC
tacrine in all 19 patients and the mean AUC 1-OH tacrine
(158.5 ng ml ™' h) was nearly twice that of the mean AUC
tacrine (80.4 ng ml ™' h). There were significant intraindivid-
ual correlations noted between the C,,,,, of tacrine and 1-OH
tacrine (r=0.734, P=0.0003) and between the AUC of
tacrine and 1-OH tacrine as well (r=0.892, P=0.0001)
(Figure 3).

Table 1 Correlation between CYP1A2

activity measures and tacrine

CMR PCUR Coran AUC CL/F CL™'F kg
pharmacokinetic parameters.

CBT r 0.745 0.580 0.339 0.444 0.52 0.56

P 0.0002 0.0093 0.155 0.057 0.0226 0.0126
CMR r — 0.693 0.588 0.637 0.765 0.764

P — 0.001 0.0081 0.0034 0.0001 0.0001
PCUR r — — 0.529 0.591 0.722 0.760

P — — 0.02 0.0077 0.0005 0.0002

1, correlation coefficient, P, P value.

CBT, Caffeine breath test, CMR, Caffeine metabolite ratio, PCUR, paraxanthine caffeine urinary

metabolite ratio, C,,,,, maximum plasma tacrine concentration, AUC, area under the curve of tacrine

. S . I —
from zero time to infinite time, CL /F, oral clearance of tacrine, CL” 'F kg, oral clearance of

tacrine per patient weight.
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Table 2 Pharmacokinetic parameters of parent tacrine and 1-OH tacrine in 19 patients.

Coras e AuC ta CL/F CLE kg™
(ngmi™") () (ng 1" h) () (Imin™") (Imin™" kg™")
Tacrine 15.7+8.8 1.5 (1.0-3.0) 80.4+52.6 3.0+0.7 12.97+10.37 0.194+0.16
1-OH tacrine 33.5+10.7 1.5 (1.0-3.0) 158.5+90.6 3.1+1.0 — —

All values expressed as mean +s.d. except f,,,, (median C range).

Cinax, Maximum plasma concentration; f,,,,, time to C,,; AUC, AUC from time zero to infinite time; t;», eliminiation half life; CL/F, oral clearance.

Adverse events

Two patients complained of symptoms consistent with
cholinergic side effects within the first 2 h following tacrine
administration. Only one patient, number 8, experienced
severe nausea with vomiting that required intravenous
hydration. This patient had the lowest oral clearance of
tacrine and low but not the lowest value for any of the
caffeine tests. The other patient, number 16, developed only
mild nausea following tacrine administration which spon-
taneously abated. This patient had an oral clearance of
tacrine and caffeine test results near the means for the group.

Discussion

A significant amount of data obtained in in vitro systems
supports a central role for CYP1A2 in tacrine metabolism
[8, 9, 35]. Since both caffeine and tacrine appear to be
largely metabolized by CYP1A2 [7, 8], we believed that the
ability to metabolize caffeine should predict the apparent
oral clearance of tacrine in patients with AD [12]. In support
of our hypothesis, statistically significant correlations between
each of the three caffeine test results and the oral clearance
of tacrine were demonstrated (Table 1). The results of this
study therefore support the conclusion that CYP1A2 activity
is largely rate limiting in the elimination of tacrine. These
results are consistent with other clinical observations of the
in vivo metabolism of tacrine and known drug interactions
involving tacrine. For example, CYP1A2 activity as meas-
ured by the CMR is reported to be lower in women than
men [36] and this may account for why women tended to
have higher tacrine blood levels in clinical trials [37]. In
addition, it seems likely that induction of CYP1A2 activity
by cigarette smoke [10] accounts for the observation that
cigarette smokers have lower blood levels of tacrine in
clinical trials [37]. Likewise, treatment with cimetidine or
fluvoxamine, known inhibitors of CYP1A2 [17, 38-39],
results in reduced oral clearance of tacrine in humans [40, 41].

We had hoped that at least one of the caffeine based tests
would very accurately predict the oral clearance of tacrine,
and hence that caffeine might be clinically useful in guiding
physicians to a more efficient dose titration scheme for
tacrine. However, none of the tests were excellent predictors.
The magnitude of the correlation between the CMR and
apparent oral clearance of tacrine is comparable with that
reported between this test and plasma caffeine clearance (r=
0.77) [25]. Since it is estimated that >90% of caffeine is
cleared in vivo by CYP1A2 [11], the degree of correlation
we observed may be expected. The relative poor predic-
tiveness of the PCUR test could also have been anticipated,

© 1998 Blackwell Science Ltd Br | Clin Pharmacol, 46, 221-228

since recent observations suggest that the results of this test
correlate poorly with direct measurements of caffeine
clearance [42, 43]. The lack of accuracy of the PCUR has
been attributed to the fact that the ratio depends on the rate
of urinary elimination of unmetabolized caffeine, which
appears to be dependent on urine flow rate [25]. Our data
supports this idea since urine flow rate did correlate with
the PCUR measurements we obtained. The relatively poor
predictiveness of the CBT was unexpected. The CBT
directly measures the 3-demethylation of caffeine, a reaction
unequivocally attributed to CYP1A2 [7], and the CBT
result correlates well with caffeine plasma clearance [44—46].
In retrospect, it would have been optimal to also measure
plasma caffeine clearance in our study.

The suboptimal predictiveness of the caffeine based tests
could be explained if tacrine itself is not be a perfect ‘probe’
tor CYP1A2 activity [47]. The major metabolite of tacrine
produced by liver microsomes, 1-OH tacrine, represents
<5% of total tacrine metabolites recovered in urine [5, 35].
This is because 1-OH tacrine undergoes secondary metab-
olism in the liver and data obtained in liver microsomes
suggest that this secondary metabolism is also catalyzed by
CYP1A2 [8, 48]. Our observations with 1-OH tacrine are
consistent with a major role for CYP1A2 in the elimination
of this metabolite in vivo. This is because the amount of
1-OH tacrine formed after the oral dose must equal the
amount eliminated from the body. This translates into the
equation:

AUC tacrine X CLF(1_01 wcrine) =
AUC 01 wcrine X CLEl_optacrine

where CLF(1_0H tacrine) 15 the formation clearance of 1-OH
tacrine and CLEl(1_o tacrine) 18 the elimination clearance of
1-OH tacrine. This equation can be rewritten as follows:

AUCI—OH tacrine CLFlf()H tacrine

AUC tacrine CLEllf()H tacrine

The excellent correlation we found between between AUC
tacrine and AUC 1-OH tacrine (Figure 3) indicates that the
CLEL_0H werine 20d CLF{_OH werine Varied in parallel among
our patients (i.e., patients with high CLEIl also had high
CLF). This is consistent with both production and elimin-
ation of the metabolite being a reflection of a single enzyme,
ie. CYP1A2. The importance of CYP1A2 in the elimination
of both tacrine and 1-OH tacrine would also account for
why treatment with cimetidine has been shown to cause
increases in the AUC of 1-OH tacrine in addition to
increases in the AUC of parent tacrine [40]. It seems
reasonable to assume that competition between tacrine and
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CBT (%/2h)

0.8 r

Tacrine clearance (Imin™kg™)

PCUR

Figure 2 Individual (n=19) oral clearance of tacrine

(CLF' kgil) and estimates of CYP1A2 activity. a= Caffeine
Breath Test (CBT), b= Caffeine metabolic ratio (CMR), c=

Paraxanthine/caffeine urinary metabolite ratio (PCUR), open
circle, female; solid circle, male.
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Figure 3 Individual subject correlations of tacrine and 1-OH
tacrine area under the curve (AUC) values, r=0.892, P=0.0001.
open circle, female; solid circle, male.

its metabolites for CYP1A2 metabolism may complicate the
relationship between tacrine clearance and CYP1A2 activity.

In summary, highly variable pharmacokinetics of tacrine
and 1-OH tacrine were observed in this population of
elderly patients with Alzheimer’s disease receiving multiple
medications. Each of the three tests of caffeine metabolism
used in this study significantly correlated with the oral
clearance of tacrine, supporting a rate limiting role of
CYP1A2 in the in vivo elimination of the drug. However,
the strength of the correlations observed are probably not
sufficient to be clinically useful.
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