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Abstract

Caffeine is the drug of choice for adults of the world. It is commonly found in the favorite beverages they
consume such as coffee, energy drinks, soft drinks and tea. The caffeine molecule is a decorative sculpture
that helps visitors identify the recently-constructed Chemistry and Chemical Biology Building on the Busch

Campus of Rutgers University, Piscataway, New Jersey.
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Introduction

Caffeine is the drug of choice for adults of the world. It is commonly
found in the favorite beverages they consume such as coffee, energy
drinks, soft drinks and tea. The caffeine molecule is a decorative
sculpture that helps visitors identify the recently-constructed Chemistry
and Chemical Biology Building on the Busch Campus of Rutgers
University, Piscataway, New Jersey. Caffeine is ubiquitous and there is
much in the lay press and non-biomedical scientific literature written
about it (e.g. behavioral, dietetic, epidemiological, exercise ergogenics,
nutritional, psychological and social). There have been few serious
experimental  investigations of caffeine’s physiological and
pathophysiological actions on important mammalian organs and organ
systems. In our cardiovascular physiology research laboratory at Rutgers
University, we are trying to bridge this gap.

Methods

Experimental subjects are mostly college student volunteers. Some come
to the laboratory as part of a formal course they have enrolled in. Others
come out of curiosity, and still others come to be of service to science.
Subjects are both male and female. They come from multicultural
backgrounds and are about 20-25 years of age. After interviews and
informed consent, volunteers rest on an examination bed and are
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instrumented with physiological transducers including: thermocouples,
electrocardiograms, blood pressure cuffs, cardiomicrophones, and
plethysmographs. Several minutes later and when monitored variables
(e.g. heart rate, blood pressure, blood flow) are in the steady state a first
set of data is collected (baseline or control). Subsequently subjects
consume caffeine either in the form of a tablet (200 mg) or in their favorite
beverage, usually coffee (150-400 mg, depending on espresso
augmentations). Sixty minutes thereafter a second set of data is collected
(experimental) and the two sets are compared statistically (experiments
designed a priori).

Results

Under our experimental conditions the cardiovascular effects of caffeine
appear within 15-30 minutes of consumption and are pronounced by 45-
60 minutes. The most prominent effect observed to date is a marked
reduction in peripheral blood flow. Related effects include attenuation of
the local regulation of blood flow. For example, blood flow in an
instrumented digit is unable to autoregulate in the presence of caffeine.
Additionally, reactive hyperemia, another form of local control of blood
flow, is abolished by caffeine. Finally, exercise or active hyperemia is
also markedly attenuated by the drug. Thus, this methyl xanthine
significantly impairs the human body’s ability to regulate its peripheral
blood supply. (see Figures 1, 2).
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Figure 1: This figure illustrates the ability of caffeine (200 mg orally) to attenuate reactive hyperemia (local regulation of peripheral blood flow) after
periods of occlusion lasting 60, 120 and 240 seconds. See third row of data (green images) and compare images at left (absence of caffeine) with those at
the right (60 min after an oral dose of 200 mg caffeine).
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Figure 2

Figure 2: This figure demonstrates the ability of caffeine (200 mg orally) to completely eliminate reactive hyperemia (local regulation of peripheral blood
flow) after periods of arterial occlusion lasting 60, 120, and 240 seconds. See third row of data (green images) and compare images at left (absence of
caffeine) with those at right (60 min after oral dose of 200 mg caffeine).

While caffeine regularly and significantly increases systemic ~ Blood flow regulation is one of the sin qua non of an unimpaired, healthy
arterial blood pressure (vasoconstriction and increased peripheral  cardiovascular system. Local regulatory mechanisms of blood flow, such
vascular resistance), it does not appear to affect heart rate reliably; at least ~ as pressure-flow autoregulation, reactive hyperemia, and active or
at the doses and experimental conditions we use. exercise hyperemia, are key to the physiological function of organs and

tissues that display them. A short list of such organs includes: brain, gut,

Discussion heart, kidneys, skeletal muscle, skin and subcutaneous tissues [1.3]. In

Auctores Publishing — Volume 2(2)-009 www.auctoresonline.org
Page 2 of 4


http://www.auctoresonline.org/

Clinical Medical Reviews and Reports

some cases, augmented nutrient supply during times of increased oxygen
demand/reduced oxygen availability (e.g. hypoxia) can only be obtained
through elevated blood flow (e.g. the heart and its coronary circulation).
In such organs extra supplies of oxygen cannot be obtained through
increased extraction. Therefore, being able to regulate blood flow locally
is key to organ function and survival [4,7].

We are finding that caffeine, whether taken as a tablet or
consumed in drinks such as coffee, consistently impairs the local
regulation of peripheral blood flow [8,10]. We have found this in college-
age young adults but have not investigated any other demographic age
group (e.g. children, aging adults). Although we have not yet investigated
physiological mechanisms of the attenuation, we suspect a role for
adenosine and its receptors [11,16]. Caffeine and other methyl xanthines
recognize and bind to vascular adenosine receptors competitively [4, 15,
17].

Adenosine and its receptors are distributed ubiquitously
throughout the human body [18-20]. Its important vascular and
regulatory functions have been reported since Robert Berne’s initial
discoveries in the early 1960s [21, 22]. Before and during the 1970s many
investigators, including the Merrill lab [17], were reporting competitive
inhibition of adenosine’s physiological properties by the methyl xanthines
[21, 22]. Thus, this mechanism of the caffeine-peripheral vascular
interaction, specifically in the human cardiovascular system, needs
further investigation. This is especially warranted considering the masses
of people, young and old, rich and poor, male and female, educated and
ignorant, who are addicted to caffeinated beverages. The need is
amplified by the food and beverage industries recent business exploits,
e.g. adding caffeine to chewing gum, candy, ice cream, yogurt, etc. In
other words, the addictive properties of the drug are being promoted in
much the same way that nicotine, tobacco and vaping have been.

A case in point---Consider the following possibility. A young
man or young woman hears in a high school locker room that consuming
caffeinated energy drinks (or taking caffeine tablets) before
workouts/sport competitions ‘boosts one’s energy’ and chances for
success. In ignorance of the above cardiovascular effects and physiology
in general they consume a large dose of caffeine, e.g. 500 mg. At the peak
of their event the heart, brain, and muscles demand more oxygen.
However, such organs might not get the needed oxygen from increased
blood flow. This is because caffeine is blocking vascular adenosine
receptors, specifically those on resistance arterioles, preventing needed
vasodilation. Under worse-case conditions, i.e. increased myocardial
oxygen demand without accompanying active hyperemia, myocardial
ischemia and infarction are possibilities. Infarction can lead to ventricular
fibrillation and sudden cardiac death; a sobering possibility for this young,
under-educated and unsuspecting youth.

In conclusion caffeine is a potent vasoconstrictor that is able to
reduce peripheral blood flow significantly. Caffeine inhibits the ability
of peripheral tissues to regulate their blood supply (hence oxygen
delivery) during pressure-flow autoregulation [23], reactive hyperemia
(24), and active or exercise hyperemia (unpublished ongoing
investigation). Under extreme conditions the compound is capable of
causing sudden cardiac death by limiting coronary circulation and causing
ventricular tachycardia and/or fibrillation [25]. More experimental
investigation is needed on the physiology and pathophysiology of
caffeine, its analogs (e.g. theophylline, theobromine), and caffeinated
beverages in general.
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