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Objective: Theacrine, a methylurate class purine alkaloid, triggers diverse pharmacologic responses, including
psychostimulatory activity by modulation of adenosinergic and dopaminergic pathways. In a double-blind,
placebo-controlled study, theacrine increased energy, concentration, and mood, while reducing fatigue. Because
caffeine, a methylxanthine purine alkaloid, is frequently coadministered with theacrine, we sought to determine
if a pharmacokinetic and/or pharmacodynamic interaction existed between theacrine and caffeine.

Methods: Eight healthy adults received theacrine, as TeaCrine® (25 or 125 mg), caffeine (150 mg), or a
combination of theacrine (125 mg) and caffeine (150 mg) in a randomized, double-blind crossover study.
Blood samples were collected over a 24-hour period and analyzed by Liquid chromatrography-mass
spectrometry/mass spectrometry (LC-MS/MS) for theacrine, caffeine, and paraxanthine. Pharmacody-
namic response markers, heart rate and blood pressure, were recorded.

Results: Theacrine pharmacokinetics was similar following administration of theacrine alone. Caffeine co-
administration increased maximum plasma concentration and area under the curve of theacrine without al-
tering theacrine half-life. Theacrine had no impact on caffeine or paraxanthine pharmacokinetics. There
was no difference between treatment groups with regard to heart rate or systolic/diastolic blood pressure.
Conclusions: Coadministration of theacrine and caffeine results in a clinically significant pharmacokinetic in-
teraction, viz., increased theacrine exposure. Enhanced oral bioavailability is the most likely mechanism by
which caffeine alters theacrine exposure. However, further studies examining the contribution of presystemic
elimination mechanisms, for example, efflux transport and/or gut metabolism, to theacrine bioavailability are
needed to confirm the exact mechanism(s). Hemodynamic parameters were unaltered despite the pharmacoki-
netic interaction, suggesting that coadministration of caffeine and theacrine is safe at the doses administered.
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Introduction tion involving adenosine and caffeine.’ Consequently,
theacrine content is highest in the expanding buds and
HEACRINE (1,3,7,9-TETRAMETHYLURIC ACID) is a young leaves of kucha (~2.8% of dry weight) with dimin-
methylurate class purine alkaloid with structural ishing amounts found in mature leaves (~ 1.3%).>~ Caf-
similarity to the methylxanthine class purine alkaloid, feine is the most abundant purine alkaloid found in
caffeine. Theacrine, originally discovered as a minor in-  C. sinensis varieties, the source of many teas, including
gredient in normal tea (Camellia sinensis L.) leaves,! is green, oolong, and black tea.® However, C. assamica
also found in human diet in fruits and seeds of Theo- var. kucha and C. sinensis var. puanensis (Puan tea) con-
broma grandiflorum (cupuacu) and the expanding buds tain theacrine as the predominant purine alkaloid.®
and young leaves of the Chinese tea plant kucha (Camel- Theacrine is reported to possess diverse pharmaco-
lia assamica var. kucha).” logic activity, including antioxidant,” anti-inflammatory/
Pulse-chase experiments using kucha leaves demon- analgesic,® antidepressive,” locomotor,'® and sedative/
strated that theacrine is synthesized by a multistep reac-  hypnotic properties.'" In rats, the administration of theacrine
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reversed the motor depression induced by adenosine recep-
tor (AR) agonists, whereas theacrine-induced hyperlocomo-
tion was reversed by dopamine receptor antagonists
suggesting that theacrine’s psychostimulatory mechanism
of action involves modulation of the adenosinergic and do-
paminergic pathways.'’

Repeat administration of psychostimulants, for exam-
ple, amphetamine and caffeine, can lead to either sensi-
tization,'” such as a heightened response for a given
dose, or pharmacodynamic tolerance,'? including a di-
minished response for a given dose. The altered response
appears to be related to the dosing regimen. For exam-
ple, chronic administration of large caffeine doses
leads to tolerance,'* whereas intermittent administration
induced sensitization.'” Interestingly, a consistent loco-
motor response was observed in rats following intraper-
itoneal administration of theacrine (48 mg/kg, once
daily, 7 days) suggesting, at least over the dosing period,
that neither tolerance nor sensitization occurred.'”

A recent study in spontaneously hypertensive rats
(SHR) also supports the notion that caffeine and theacrine
elicit a different pharmacologic response despite their
structural similarity. Intragastric administration of extracts
from C. sinensis, C. ptilophylla, and C. assamica var.
kucha, which contain as their predominant purine alkaloid,
caffeine, theobromine, and theacrine, respectively, had dif-
ferent hemodynamic effects in SHR.'® C. sinensis extracts
acutely increased systolic and diastolic blood pressure
(DBP), as well as heart rate. In contrast, no pressor effects
were noted following administration of either C. ptilo-
phylla or C. assamica var. kucha extracts leading to the
suggestion that the variety and content of purine alkaloids
found in teas contribute significantly to the difference in
the pressor response.

Kucha, a tea that grows in the highlands of southwest
China in provinces such as Jinan, is consumed as a
“healthy beverage.” It is estimated that a cup of kucha
tea delivers ~50-75mg (~1mg/kg) of theacrine.'”
Recently, a 90-day oral toxicology study in rats identified
the no-observed-adverse-effect-level (NOAEL) for thea-
crine as 180mg/kg/day.'”” However, limited theacrine
pharmacokinetic data exist in rats making it difficult to de-
termine exposure levels associated with the rat NOAEL.'®

Theacrine (as TeaCrine®) appears to be safe in
humans when administered once daily for 8 weeks at
doses up to 300 mg.'® However, theacrine pharmacoki-
netics in humans has not been characterized, thus com-
plicating attempts to scale theacrine exposure from
rats to humans. The purpose of this study was to deter-
mine theacrine pharmacokinetics and dose-linearity
following oral administration in humans. Moreover,
since theacrine and caffeine are co-ingested, whether
as kucha tea or through dietary supplements such as
TeaCrine, we also sought to determine whether or
not caffeine altered theacrine pharmacokinetics and/
or pharmacodynamics.
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Experimental
Subjects

Eight healthy nonsmokers were recruited by word-of-
mouth conversations, formal presentations discussing
study participation, online postings, and recruitment flyers
posted on and off campus. A total of four men and four
women were recruited to complete this study. Subjects
were regular consumers of stimulants (i.e., caffeine, 50—
400 mg/day) within beverages or nutritional supplements,
who did not report a history of adverse reactions to caf-
feine or other stimulants.

Health history, medication and dietary supplement
usage, and physical activity questionnaires were com-
pleted by all subjects and reviewed in detail by an inves-
tigator to determine eligibility. Before participation, each
subject was informed of all procedures, potential risks,
and benefits associated with the study through both ver-
bal and written form. The study procedures were ap-
proved by the University of Memphis Institutional
Review Board for Human Subjects Research.

Study design and procedures

This study has a randomized, double-blind, four-arm
crossover design with each subject receiving four treatments
consisting of theacrine (25 mg), theacrine (125 mg), caffeine
(150 mg), and theacrine (125 mg) plus caffeine (150 mg).
Theacrine, administered as TeaCrine, was provided by
Compound Solutions (Carlsbad, CA). Caffeine, adminis-
tered as caffeine anhydrous, was obtained from Nutravative
Ingredients (Allen, TX). Treatment sequence was random-
ized using a 4x4 Latin square. There was an ~ l-week
washout period between treatments for all subjects.

Test visit procedures

Each study day, subjects reported to the laboratory be-
tween 6:00 and 7:00 am after a 10-hour fast and abstinence
from beverages, drugs, or supplements containing alcohol
or caffeine (48-hours) and strenuous physical exercise
(24-hours). A catheter was inserted into the forearm vein
for blood sampling. Duplicate measurements of resting
heart rate and blood pressure were taken predose and be-
fore each timed blood sample. In addition, respiratory rate
was counted in 1 min and body temperature was measured
using an ear scanning thermometer (dual readings taken at
each time). At ~8:00 am, subjects received a single oral
dose of test article accompanied by water. Blood samples
(5mL) were obtained at baseline (predose), and at 15, 30,
60, and 90 minutes, and 2, 4, 6, 8, and 24 hours postdose.
Collected samples were processed and stored in multiple
aliquots (~ 500 uL, —70°C) until analyzed for theacrine,
caffeine, and paraxanthine using LC-MS/MS.*°

All subjects were instructed to consume their usual
diet throughout the study period, with the exception of
the actual days of testing. During the 2 days before
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each test day, subjects recorded all food and drink con-
sumed and attempted to mimic this intake for the
2-day period before subsequent visits. Diet records were an-
alyzed using nutrient analysis software (Food Processor
SQL, version 9.9; ESHA Research, Salem, OR).

For the actual test days, standardized meals (meal re-
placement food bars [Clif “Builder’s 20 g Protein Bar’’]
and ready-to-drink shakes [Orgain Organic Nutrition™])
were provided to subjects after sample collection at hour
2 and 6 (one shake and one-half bar at each time). Subjects
were also provided with adequate meal replacement bars
and shakes to consume following the 8-hour sample collec-
tion (during their time outside the laboratory). Each bar
contained 280 calories, 10g of fat, 29 g of carbohydrate,
and 20g of protein. Each shake contained 250 calories,
7 g of fat, 32 g of carbohydrate, and 16 g of protein.

No food other than what was provided to subjects was
allowed during each study day, including both time spent
in the laboratory and outside the laboratory. The only
beverage that subjects were allowed to consume was
water and the volume consumed while in the laboratory
was matched for each test day (men: 94£25 ounces;
women: 78 + 17 ounces). Subjects returned the following
morning for the 24-hour blood collection, again in a 10-
hour fasted state.

The same volume of meal replacement bars or shakes
were consumed by each subject during each visit (both in
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laboratory and outside the laboratory). All subjects with
the exception of one female subject consumed three
shakes and three bars during the period of time outside
the laboratory. The one female subject consumed two
bars and two shakes. Physical activity was to remain sim-
ilar for subjects throughout the study period, with the ex-
ception of refraining from strenuous physical activity
during the 24 hours before each test day (and for the ac-
tual test day itself).

Pharmacokinetic study

Plasma concentration—time data were evaluated using
noncompartmental methods in Phoenix WinNonlin (ver-
sion 7.0; Pharsight Corporation, Mountain View, CA)
with adjustment for lag time after oral administration.

The maximum concentration (Cpay), lag time (tj,g),
and time of maximum concentration (t,,,,) were deter-
mined from the plasma concentration versus time data.
The area under the plasma concentration-time curve
from time O to infinity was calculated using the trapezoi-
dal rule extrapolated to time infinity. The terminal half-
life (t;,) was calculated using 0.693/k, with k as the
terminal rate elimination constant estimated from the
slope of the linear portion of the log plasma concentra-
tion versus time curve. The oral clearance (CL/F) was
calculated by dividing the oral dose by area under the
curve (AUC)g... The apparent volume of distribution
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FIG. 1.

125 mg, and (C) theacrine 125 mg plus caffeine 150 mg.

Individual plasma concentrations of theacrine after a single oral dose of (A) theacrine 25 mg, (B) theacrine



98

MRT,_,.. o
CUF ]
2 V,IF
T
g AUC, r
8
E Cmax H
Tmax f s e | g
Half life ’—>—T—< »
i 1 L | L | L L | i 1 " 1 L
-1 0.5 0 0.5 1 15 2 25 3

FIG. 2. Forest plot illustrating the probability of inter-
action magnitude between theacrine and caffeine using
90% confidence intervals about the geometric mean
ratio of the observed pharmacokinetic parameters follow-
ing a single theacrine dose (@ —25mg, M —125mg)
alone or in combination with caffeine (150 mg). Abbrevi-
ations: MRTj_, ., mean residence time zero to infinity;
CL/F, oral clearance; Vz/F, oral volume of distribution;
AUC,_, », area under the curve from zero to time infinity
(dose normalized); C,,,.x, maximum plasma concentration
(dose normalized); Tp,.x, time to reach maximum plasma
concentration.

during the terminal elimination phase (V,/F) was calcu-
lated by dividing CL/F by k.

Statistical analysis

Differences between treatment group values were de-
termined for systolic blood pressure, diastolic blood pres-
sure (DBP), rate pressure product, and heart rate. Data
were analyzed using a 4 (condition) X 10 (time) analysis
of variance, with Tukey post hoc testing as appropriate.
No difference was detected for any variable (p>0.05).
The probability of interaction magnitude between thea-
crine and caffeine was determined using 90% confidence
intervals about the geometric mean ratio of the observed
pharmacokinetic parameters.*!
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125 mg plus caffeine 150 mg.
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TABLE 1. THEACRINE PHARMACOKINETICS

Parameter®  Condition 1° Condition 2° Condition 4°
Chax (ng/mL) 34.1+£389 25.6%5.5 38.6+16.6
Too (hours) 1.8 (0.5-6.0) 1.8 (1.0-4.0) 1.0 (0.3-2.0)
ty» (hours) 16.5+2.4 26.1+£137 29.2+253
AUC (hxng/ 809x923 736+£312 1242+1129
mL/mg)

CL/F (L/h) 2.0£0.9 1.6x£0.5 1.2£0.6
Vd/F (L) 48.1 £23.5 51£8.5 354+124
MRT (hours) 24.9%+3.5 36.8+£189 41.7+38.8

*Tmax values are expressed as median (range). All other values
are expressed as mean = SD and represent dose-adjusted pharma-
cokinetic parameters.

"Theacrine 25 mg.

“Theacrine 125 mg.

Theacrine 125 mg + Caffeine 150 mg.

AUC, area under the curve; SD, standard deviation.

Results
Subject characteristics

Eight physically active and healthy men (n=4; aged
34.5+7.0 years; 94.3+13.1kg) and women (n=4; aged
22.5+3.9 years; 66.4+10.1kg) completed this study.
Men ingested a daily amount of caffeine equal to 143.8 +
168.7 mg, while women ingested 144.3+139.7mg. All
subjects tolerated the treatments well and no adverse
event was noted. Dietary intake was not different across
treatment conditions for calories, macronutrients, or
micronutrients (p>0.05).

Pharmacokinetics

Mean plasma concentration—time profiles for theacrine,
caffeine, and paraxanthine are shown in Figures 1-3. Thea-
crine was well absorbed following oral administration of
theacrine alone reaching maximal concentration within
~?2 hours. Dose-adjusted theacrine pharmacokinetic
parameters were not significantly different (Table 1).

Theacrine absorption rate (T,.x) and half-life (t;,)
were unaffected by caffeine coadministration. However,
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FIG. 4. Forest plot illustrating the probability of inter-
action magnitude between caffeine and theacrine using
90% confidence intervals about the geometric mean
ratio of the observed pharmacokinetic parameters follow-
ing a single caffeine dose (150 mg) alone or in combina-
tion with theacrine (125 mg). Abbreviations: MRTy_, o,
mean residence time zero to infinity; CL/F, oral clearance;
Vz/F, oral volume of distribution; AUC,_, ., area under
the curve from zero to time infinity (dose normalized);
Cmax» maximum plasma concentration (dose normalized);
Tmax, time to reach maximum plasma concentration.

caffeine coadministration significantly increased both
mean theacrine exposure parameters C,.x (38.6+16.6
vs. 25.6+55ng/mL) and AUC (1.2+1.1 vs. 0.74%
0.31 hx ug/mL/mg) (Table 1), as well as geometric
mean ratios (1.1£0.06 and 1.1 £0.03) (Figure 2). More-
over, caffeine decreased both theacrine oral clearance
(CL/F, 1.6£0.49 vs. 1.2+£0.56 L/h) and oral volume of
distribution (V/F, 50.5+0.49 vs. 354+1124L) by
~30%. Of note, theacrine exposure (AUC) was consis-
tently higher in Subject 8 than all other subjects in all
treatment arms. However, caffeine pharmacokinetics in
Subject 8 was similar to the other seven subjects.

Caffeine pharmacokinetics was similar following caf-
feine alone or caffeine plus theacrine co-ingestion
(Figs. 3 and 4 and Table 2). Likewise, theacrine co-
ingestion did not alter paraxanthine exposure parameters,
suggesting that caffeine metabolism was unaffected by
theacrine (Table 3).

TABLE 2. CAFFEINE PHARMACOKINETICS

Parameter® Condition 3° Condition 4°
Chnax (ng/mL) 33.4+9.50 37.4+11.8
Ty (hours) 0.8 (0.5-1.5) 1.0 (0.3-1.5)
ty,» (hours) 6.2+3.8 55+2.2
AUC (hxng/mL/mg) 262+74.1 323+209
CL/F (L/h) 4.1+1.1 43+£2.0
Vd/F (L) 33.5+13.7 302124
MRT (hours) 8.4+43 8.0+3.2

*Tmax values are expressed as median (range). All other values
are expressed as mean = SD and represent dose-adjusted pharma-
cokinetic parameters.

PCaffeine 150 mg.

“Theacrine 125 mg + Caffeine 150 mg.
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TABLE 3. PARAXANTHINE PHARMACOKINETICS

Parameter® Condition 3° Condition 4°
Ciax (ng/mL) 73£15 8.4+3.5
To (hours) 50 (4.0-80) 7.0 (1.5-8.0)
ti» (hours) 12.5+£12.7 14.8+17.7
AUC (hxng/mL/mg) 174+ 152 209+£202
MRT (hours) 19.1+18.6 22.7£26.2

*Tmax values are expressed as median (range). All other values
are expressed as mean+ SD and represent dose-adjusted.

PCaffeine 150 mg.

“Theacrine 125 mg + Caffeine 150 mg.

Pharmacodynamics

Hemodynamic parameters such as blood pressure and
heart rate are elevated following coadministration of caf-
feine and other stimulants such as ephedrine.?* To deter-
mine the potential for a pharmacodynamic interaction
between theacrine and caffeine, we evaluated systolic
and diastolic blood pressure, heart rate, and rate-pressure
product following administration of both theacrine (25
and 125 mg) and caffeine (150 mg) alone and in combina-
tion (theacrine 125 mg plus caffeine 150 mg). Heart rate
decreased slightly over the first 2 hours following admin-
istration for each of the four conditions returning to base-
line by 24 hours postingestion (Fig. 5A). systolic and
diastolic blood pressure as well as rate-pressure product
remained relatively constant across the 24-hour evaluation
period for each of the four conditions (Fig. 5B-D).

Discussion

Recently, there has been intense interest in the use of
theacrine as a dietary ingredient to enhance subjective “‘en-
ergy” levels in humans.>* A randomized, open-label dose-
response (200 vs. 400 mg daily for seven consecutive days)
study was conducted to evaluate the effect of theacrine (as
TeaCrine) on subjective changes in cognitive, psychomet-
ric, and exercise attributes in healthy human subjects.**
Theacrine was found to be well tolerated with robust in-
creases in energy, focus, and concentration compared to
baseline values. Interestingly, no temporal response differ-
ences were reported, leading the authors to suggest that
theacrine, unlike caffeine, does not appear to induce phar-
macodynamic tolerance with chronic use, an intriguing
suggestion requiring further study.

Anecdotal reports suggest that theacrine is frequently co-
ingested with caffeine to enhance subjective feelings. Caf-
feine has often been described as eliciting pharmacokinetic
and pharmacodynamic interactions with prescription as
well as dietary supplement preparations.>*>*® Despite anec-
dotal evidence, however, there has been no study examining
the potential for caffeine to induce either a pharmacokinetic
or pharmacodynamic interaction with theacrine.

In this study, we found that the pharmacokinetics of
theacrine, when ingested alone, was similar between the
two doses tested. However, following co-ingestion with



100

A 120
100

80—

—t—t
——H
LU

Syslolic blood pressure (mmHg)

60—

b

40+

Heart rate (beats per minute)

20

04— — — — 1 .
0 4 8 12 16 20 24
Time post-dose (hr)

40~

Diastolic blood pressure (mmHg)

20

! 1 N | N I
0 4 8 12 16 20 24
Time post-dose (hr)

HE ET AL.

0]
>
(=]

140

120

_“/l =

80+

60 T * v T T T T T T T
0 4 8 12 16 20 24
Time post-dose (hr)

o

16000

12000+

8000

w\

4000+

Rate pressure product (mmHg/min)

0 T ¥ T ¥ T ¥ T

T v L 1
8 12 16 20 24
Time post-dose (hr)

FIG. 5. Mean values in heart rate (A), systolic blood pressure (B), diastolic blood pressure (C), and rate-pressure
product (D) after single-dose theacrine 25 mg (@), theacrine 125mg (M), caffeine 150mg (), or theacrine
125 mg plus caffeine 150 mg (A ). Data are presented as mean + standard deviation.

caffeine, theacrine disposition was significantly altered.
Specifically, caffeine decreased theacrine’s oral clearance
(CL/F), which correlated with enhanced theacrine expo-
sure parameters, area under the plasma concentration—
time curve (AUC), and maximum concentration (Cpay).
It is impossible to determine with certainty the exact
mechanism for enhanced theacrine exposure, either de-
creased CL and/or increased oral bioavailability (F), in
the absence of intravenous data. However, the finding
that theacrine’s elimination half-life (t;, & Vd/CL) was
unaffected by caffeine supports the conclusion that caf-
feine enhanced theacrine’s oral bioavailability (F),
which is also consistent with decreased oral volume of
distribution (Vd/F) of theacrine. Theacrine had no impact
on the pharmacokinetics of caffeine or paraxanthine,
which is the primary caffeine metabolite in humans
formed by CYP1A2-mediated 3-N-demethylation.?”-*
Caffeine is completely absorbed following oral admin-
istration.?’ Thus, it is expected that theacrine would
not have a reciprocal effect on caffeine bioavailabi-
lity. Determination of whether or not theacrine is
a CYP1A2 substrate will provide further insight into
caffeine’s effect on theacrine disposition, that is, en-

hanced fraction absorbed and/or reduced first-pass he-
patic metabolism.

Intriguingly, one study subject was found to have exag-
gerated theacrine exposure in all treatment arms. The basis
for this finding, whether genetic and/or environmental, is
unclear. The presence of a 5-methyl substituent and a car-
bamide at the sixth position distinguish theacrine from caf-
feine. Because theacrine contains a 3-methyl substituent,
the primary site of caffeine metabolism by CYP1A2-
mediated demethylation, it is possible that theacrine is
also susceptible to CYP1A2-mediated metabolism.

Caffeine exposure (AUCy_, «) is controlled by both
environmental, as well as genetic factors.*® In particular,
the CYPIA2 polymorphism (rs2470893), located in the
common promoter region between CYPIAI and
CYPIA2, significantly associated with caffeine exposure
in nonsmokers, but not in smokers. Nonsmokers hetero-
zygous or homozygous for the CYPIAI/CYPIA2 A allele
had a significantly lower caffeine exposure compared to
nullizygous individuals.*

Additional environmental factors, including oral con-
traceptive use, mask the effect of genetics on caffeine
metabolism.*' The role of pharmacogenetics in theacrine
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pharmacokinetics and pharmacodynamics is of potential
importance, should CYP1A2 prove to be an important
theacrine elimination pathway.

At the doses tested, we noted no difference in heart rate
and blood pressure in subjects receiving theacrine or caf-
feine administered alone or in combination. Our data are
consistent with other studies demonstrating that theacrine
supplementation (up to 400 mg/day for 8 weeks) appears
to be safe in humans with no adverse effects on hemody-
namic parameters.'®>* Perhaps the most intriguing finding
in repeat dose theacrine studies'®** is the absence of either
sensitization or pharmacodynamic tolerance. Caffeine is a
mixed A/A, AR antagonist.

It is believed that the acute psychostimulatory activity
of caffeine is related to its ability to antagonize the A,
AR, which removes inhibition of the A5 AR leading
to NMDA-dependent release of glutamate and dopa-
mine.*>* Following chronic caffeine administration,
however, caffeine’s central effects shift from A;-
dependent to A,,-dependent antagonism in tolerant indi-
viduals due to A; AR desensitization.>>

Administration of a cocktail containing both A; and A
AR antagonists blocks theacrine stimulating activity in
rats.'? Unfortunately, simultaneous administration of A,
and A5 AR antagonists prevents determination of the in-
dividual contribution of A; and Ay, AR to the pharma-
cologic effects of theacrine. These data present the
intriguing hypothesis that theacrine has different A; and
A, A binding affinities than caffeine, which permits discrim-
ination between the A; and A, receptors at physiologically
relevant concentrations.

Theacrine’s preferential reliance on A5 AR antago-
nism would provide a mechanistic basis for lack of phar-
macodynamic tolerance. AR binding affinities, as well as
molecular dynamic simulations probing theacrine’s in-
teraction with AR subtypes would potentially prove help-
ful in unraveling this complex receptor/ligand interaction.
Another pharmacodynamic consideration is that caffeine
exhibits a biphasic dose-response curve with moderate
doses enhancing the locomotor activity, while low and
high doses suppress the locomotor activity.

In conclusion, coadministration of theacrine and
caffeine results in a clinically significant pharmacoki-
netic interaction manifested as increased theacrine ex-
posure. Enhanced oral bioavailability is the most
likely mechanism by which caffeine alters theacrine
exposure. However, further studies examining the
contribution of presystemic elimination mechanisms,
for example, efflux transport and/or gut metabolism,
to theacrine bioavailability are needed to confirm the
exact mechanism(s).

Despite the pharmacokinetic interaction between caf-
feine and theacrine, no difference was noted in hemody-
namic parameters between groups, suggesting that
coadministration of caffeine and theacrine is safe at the
doses administered. Further studies designed to assess
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the potential for a pharmacodynamic interaction are
needed to more thoroughly characterize the safety profile
of combined ingestion of theacrine and caffeine.
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