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ABSTRACT METHODS

Caffeine has been associated with enhancing the ability to perform mental tasks 
and elevate feelings of energy, however, a single dose of caffeine typically 
induces only 90-120 minutes of increased alertness and is often associated 
with an acute “crash” state following its metabolism. The nature of formulation 
can directly influence the rate and extent of absorption following oral 
administration.  Time-release caffeine supplements have been developed to 
prolong the effects of caffeine.  PURPOSE: To compare the plasma caffeine 
pharmacokinetics following ingestion of a time-release caffeine capsule (TR-
CAF) to an equivalent dose of a regular caffeine capsule (CAF) and a placebo 
(PL) over an 8-hour period.  METHODS: Ten healthy males (25.9 ± 3.2 y; 
181.3 ± 8.2 cm; 92.9 ± 9.9 kg; 13.3 ± 3.6 % body fat) who regularly consume 
caffeine volunteered to participate in this double-blind, placebo-controlled, 
cross-over study.  Participants were randomized into three experimental trials:  
Ingestion of EnergizeTM; CAF; and PL.  The EnergizeTM supplement contained 
194 mg time-release caffeine and CAF contained the equivalent amount of 
regular caffeine.  PL contained rice flour only.  Blood draws occurred at baseline 
and at every hour during the 8-hour period.  Participants were provided a 
standardized breakfast and lunch and were permitted to drink water ad libitum.  
Plasma caffeine concentrations were quantified using high performance liquid 
chromatography (HPLC).  RESULTS: Plasma caffeine concentrations for both 
caffeine supplements were significantly greater than PL over the 8-hour study 
duration.  CAF rapidly reached peak plasma caffeine concentration (2.40 ± 0.40 
mg·L-1) at 3 hours following ingestion, while TR-CAF reached peak plasma 
caffeine concentration (1.88 ± 0.46 mg·L-1) at 6 hours following ingestion.  
Plasma caffeine concentrations were significantly greater (p<0.05) in CAF 
compared to TR-CAF during hours 2-5.  However, plasma caffeine 
concentrations were significantly greater (p=0.042) in TR-CAF compared to 
CAF at hour 8.  AUC analysis showed plasma caffeine concentrations for CAF 
were significantly greater than TR-CAF for hours 1-4 (p<0.0001) and over the 8-
hour study duration (p<0.001).  CONCLUSION: The results suggest that the 
rate of caffeine absorption following TR-CAF was slower and more sustained as 
compared to CAF over 8 hours following ingestion which may prolong the 
effects of caffeine and limit the acute “crash” state. 
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INTRODUCTION

Participants
Ten healthy males (25.9 ± 3.2 y; 181.3 ± 8.2 cm; 92.9 ± 9.9 kg; 13.3 ± 3.6 % body
fat) volunteered to participate in this acute randomized, double-blind, placebo-
controlled study.

Protocol
Participants performed three trials separated by at least 7 days.
1) EnergizeTM (TR-CAF)
2) Regular Caffeine (CAF)
3) Placebo (PL)

Participants reported to the HPL following an 8-hour fast and were instructed not to
exercise 24 hours prior to each trial. Blood was drawn at baseline (prior to
supplement ingestion) and at each hour following ingestion of the supplement for a
total of 8 hours. Between assessments, participants sat comfortably in a quiet
room without distraction wearing noise cancelling headphones (Bose,
QuietComfort® 15, Framingham, MA). Participants were provided a standardized
breakfast (310 kcal; 45 g carbohydrate, 17 g protein, 6 g fat) and lunch (290 kcal;
38 g carbohydrate, 19 g protein, 7 g fat) and were permitted to drink water ad
libitum.

All supplements were ingested in the form of two tablets.  Tablets for all trials were 
similar in appearance and taste.  The TR-CAF supplement ingredients are 
presented in Table 1. CAF contained only the equivalent amount of caffeine (194 
mg) and rice powder, while the PL contained rice powder only.

Blood Measurement
During each experimental trial, all blood samples were obtained using a 20-gauge 
Teflon cannula placed in a superficial forearm vein using a three-way stopcock with 
a male luer lock adapter.  The cannula was maintained patent using an isotonic 
saline solution (Becton Dickinson, Franklin Lakes, NJ).  The first blood draw 
occurred at baseline (BL), prior to supplementation and breakfast, and at every 
hour over the 8 hour period (9 total blood draws).  Each participant’s blood 
samples were obtained at the same time of day during each session.  All blood 
samples were collected into Vacutainer® tubes containing sodium heparin.  The 
blood was subsequently centrifuged at 3,000×g for 15 min and the resulting plasma 
was separated and frozen at −80°C for later analysis. 

SUMMARY & CONCLUSIONS
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Plasma Caffeine Concentration Analysis 
Plasma caffeine concentrations were quantified using high performance liquid 
chromatography (HPLC). Chromatography was performed on an Agilent Infinity 
1260 HPLC (Agilent Technologies, Santa Clara, CA) consisting of a degasser, 
binary pump, auto-sampler, column thermostat, and photodiode array detector.  A 
Zorbax Eclipse Plus C18 (4.6 x 150mm, 5-µm) column and Zorbax analytical 
guard column (4.6 x 12.5mm, 5-µm) were used for separation.  Data were 
collected using OpenLAB chromatography data system, ChemStation edition. 

All reagents were of HPLC grade.  Caffeine, beta-hydroxyethyl-theophylline, 
sodium phosphate monobasic and sodium phosphate dibasic were purchased 
from Sigma-Aldrich, St. Louis, MO to create the stock solution.  Acetonitrile was 
purchased from Fisher Scientific, Pittsburgh, PA.  HPLC grade water was 
prepared by reverse-osmosis and purified using a Milli-Q Direct 8 water 
purification system (EMD Millipore, Billerica, MA). 

A 40 µg·mL-1 stock solution of caffeine, theobromine and beta-hydroxyethyl-
theophylline was prepared in water and sonicated.  Twelve calibration standards 
were prepared from the stock solution in the range of 0.039 – 40 µg·mL-1 by serial 
dilution of 1 mL of the stock solution.  Beta-hydroxyethyl-theophylline (internal 
standard; IS) working solution was prepared in water (10 µg·mL-1). 

An internal plasma sample was collected to serve as control and analyzed every 
50 samples.  Calibration standards, samples, and controls were prepared in the 
same fashion for linearity. Sixty microliters of the calibration standards or 50 µL of 
sample or quality control sample was added to 1.5 mL microcentrifuge tubes.  Ten 
microliters of IS was subsequently added to the samples and controls, followed by 
140 µL of chilled acetonitrile for deproteinization.  Standards, samples, and 
controls were then vortexed for 30 seconds and placed in a refrigerator (4 ºC) for 
two hours followed by centrifugation at 14000g for 15 minutes in a microcentrifuge
to allow the protein to form a pellet.  The supernatant (150 µL) was collected and 
subsequently transferred to a 0.45 µm polytetrafluoroethylene syringeless filter 
vial (GE Healthcare Mini-Uniprep™, Piscataway, NJ).  A concentration of 300 µL
of sodium phosphate buffer (mobile phase) was then added to the vial.  The 
solution was filtered and injected into the HPLC using an auto-sampler. 

The mobile phase consisted of 25mM sodium phosphate (pH 7.0 ± 0.05 at 40 ºC) 
and acetonitrile at a volume to volume ratio of 90:10.  Buffer pH was achieved by 
mixing 4.77 g sodium phosphate monobasic anhydrous, and 7.79 g sodium 
phosphate dibasic anhydrous in 3.785 L of water at 40 ºC.  Buffer composition 
was calculated using Buffer Maker computer software (Marki, Poland) and verified 
using an Oakton pH 11 portable meter (Oakton Instruments, Vernon Hills, IL).  
Analysis was carried out under isocratic conditions via binary mixing of aqueous 
and organic phases at a flow rate of 1.5 mL·min-1 under a system pressure of 
approximately 90 bars.  Chromatograms were recorded at 275 nm with a run time 
of 6 minutes.  Duplication of retention times for a known standard was used to 
verify column equilibrium prior to analysis. 

The treatment by time means and standard deviations are graphed in figure 3. The 
ANCOVA indicated significant difference (p<0.05) among the group means for CAF, 
TR-CAF and PL after adjusting for baseline values.  Post-hoc pairwise comparisons 
indicated that plasma caffeine concentrations were significantly different at hours 2, 
3, 4, 5, and 8 between CAF and TR-CAF (p<0.05).  In addition, the AUC for 8 hours 
for CAF was significantly greater than TR-CAF (p<0.001).

Figure 1. Study Protocol

Figure 3. Plasma caffeine concentration. * Plasma 
caffeine concentration for CAF and TR-CAF was 
significantly greater than PL (p<0.001).   # Plasma 
caffeine concentration was significantly different 
between CAF and TR-CAF (p<0.05).  † CAF and 
TR-CAF showed significantly greater plasma 
caffeine concentration AUC than PL over the 8 
hours (p<0.0001). ‡ CAF showed significantly 
greater plasma caffeine concentration AUC than 
TR-CAF over the 8 hours (p=0.001).

Plasma caffeine concentrations for both caffeine supplements were significantly
greater than PL over the 8-hour study duration. CAF reached peak plasma
caffeine concentration (2.40 ± 0.40 mg·L-1) at 3 hours following ingestion, while
TR-CAF reached peak plasma caffeine concentration (1.88 ± 0.46 mg·L-1) at 6
hours following ingestion. Plasma caffeine concentrations were significantly
greater (p<0.05) in CAF compared to TR-CAF during hours 2-5. However, plasma
caffeine concentrations were significantly greater (p=0.042) in TR-CAF compared
to CAF at hour 8. AUC analysis showed plasma caffeine concentrations for CAF
were significantly greater than TR-CAF for hours 1-4 (p<0.0001) and over the 8-
hour study duration (p<0.001).
The results suggest that the rate of caffeine absorption following TR-CAF was
slower and more sustained as compared to CAF over 8 hours following ingestion.
These distinct pharmacokinetics may prolong the effects of caffeine and limit the
acute “crash” state.

Caffeine is the most widely used pharmacologically active compound in the world, 
and it has been estimated that 80 - 90% of users report habitual consumption.

Caffeine has been shown to enhance cognitive function and feelings of mental 
alertness, mood, and arousal.  In addition, caffeine ingestion has also been 
demonstrated to maintain or enhance vigilance and choice reaction time, and is 
commonly used to alleviate the effects of sleep deprivation and fatigue.

Previous investigations have shown that regular caffeine is completely absorbed 
by the gastrointestinal tract within 1 hour, with peak plasma concentrations 
occurring between 15 and 120 minutes following ingestion.

Plasma caffeine concentrations have been shown to rise in a dose-dependent 
manner and exhibit first order, linear kinetics.

The nature of formulation can also directly influence the rate and extent of 
absorption following oral administration, and time-release caffeine supplements 
have been developed to prolong the effects of caffeine.

Statistical Analysis
Statistical software (IBM SPSS Statistics for Windows, Version 21.0; Armonk, NY: 
IBM Corp) was used to perform all statistical analysis. Changes from baseline 
measures were analyzed using repeated measures analysis of covariance 
(ANCOVA) with the BL measure serving as the covariate. When appropriate, 
LSD post hoc pairwise comparisons were used to examine the differences 
among the groups. Area under the curve (AUC) over the 8 hours was 
calculated using a standard trapezoidal technique and analyzed using 
ANCOVA.  

Time-release caffeine 194 mg Proprietary Energize Formula 1600 mg

Vitamin B1 5.2 mg (L-Tyrosine, glucuronolactone,
theobromine, rhodiola rosea
extract, Korean ginseng 
powder, octacosonal)

Vitamin B6 25 mg

Folate 200 µg

Vitamin B12 3 µg

Magnesium 150 mg

Table 1. Energize ingredients.  mg=milligrams; µg=micrograms

Figure 2. HPLC Chromatogram Example 


