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ABSTRACT

Non-alcoholic beverages comprise of Caffeine and L-theanine as core ingredients. Caffeine is attributed to
augment cardiovascular and neurophysiological responses by enhancing the neurotransmission of catecholamines
after binding with adenosine receptors antagonistically. L-theanine, as a constituent of green tea is helpful in
lowering blood pressure by antagonizing the effects of excitatory neurotransmitters after subsequent release of
inhibitory neurotransmitter GABA. 87 healthy females with age 18-19 years, participated in the study were
divided into three different groups. Group A was subjected to consume cold beverage (soft drink). Participants of
group B & C were allowed to take hot beverages in the form of tea and green tea respectively. Cardiovascular
parameters and neurophysiological responses were assessed before and after 45 minutes of beverages
intake. Statistical analysis revealed a significant improvement in the reaction time of tea and in concentration test of
both tea and green tea consumers. In addition, a less significant increase in HR with tremendous decrease in PR
was observed among green tea consumers. Furthermore, significant reduction in both systolic & diastolic blood
pressure was evident with green tea consumers.Experimental results are unveiling effectiveness of L-theanine over
caffeine in lowering BP, HR & PR after antagonizing the release of excitatory neurotransmitter along with the
opening of ligand gated chloride channels that leads to hyperpolarization. Moreover, a favorable combination of

caffeine & L-theanine is responsible for enhancing cognitive performances, alertness and well being.
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INTRODUCTION

Regular intake based non-alcoholic hot and cold beverages comprise
caffeine and theanine as their core ingredients. Having an average cup
of tea that contains 40mg caffeine, peak plasma concentration of
caffeine is achieved after 30minutes of consumption. Caffeine easily
crosses blood brain barrier and enhances the neurotransmission of
epinephrine and norepinephrine selectively after binding with
adenosine receptors antagonistically. Dietary components of tea have
gained great considerations in relevance to their positive impacts on
cognitive performance and psychological well-being. Demonstrations
to psychopharmacological studies have revealed that tea, the most
widely consumed beverage after water in the world is attributed to
reduce the stress with wakeful relaxation and improves cognitive
performances (Quinlan 2000; Hindmarch, 2000). Caffeine (1,3,7-
trimethylxanthine) is attributed to increase alertness and speeded
reaction time (RT) predominantly (Fredholm, 1999; Smith, 2002), with
profound reduction in physiological stress responses when compared
with other caffeinated beverages (Steptoe, 2007). Hemodynamic
parameters, such as blood pressure and heart rate can be influenced by
the administration of methylxanthines. After entering into systemic
circulation, methylxanthines have major impact on myocardial
contractility & conduction, vascular tone, and also on the
sympathoadrenal ~ system  (Riksen, 2009). L-Theanine (g-
glutamylethylamide), also found in tea plant is a unique amino acid
that have gained focus in the field of neuroscience having significant
neuroprotective effects (Kakuda, 2002a). Moreover,
electroencephalographic (EEG) recordings in humans revealed that L-
theanine consumption during resting state increased the activity of
alpha frequency band (8-14 Hz) (Kobayashi, 1998; Juneja, 1999). In
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a dose dependent manner, L-theanine crosses the blood-brain barrier
within 30 minutes of ingestion and thought to influence the release of
neurotransmitters. Structurally, as L-theanine is similar to an excitatory
neurotransmitter, glutamic acid (Nathan, 2006) so it

antagonizes the glutamate effects by inhibiting glutamate reuptake and
blockade of glutamate receptors in the hippocampus (Kakuda,

2002) while increases the release and concentration of GABA along
with decline in norepinephrine levels. Furthermore, L-theanine also
contributes in lowering blood pressure (Eschenauer, 2006) after
antagonizing caffeine effects and tone down the CNS responses.
Furthermore, in response to a stressful task, L-theanine reduces heart
rate and salivary immunoglobulin A by inhibiting excitation of cortical
neurons (Kimura, 2007). Exposure to stress results in the activation of
nervous system that further enhance the overwhelming release of
vasoconstricting hormones that raise blood pressure (Kulkarni, 1998;
Matthews, 2004) During this stressful response, consumption of L-
theanine suppresses raise in blood pressure by slowing down
autonomic tone.

MATERIALS & METHODS

The study was conducted over young adult females of university to
evaluate the relative effects of regular based intake of regular cold and
hot non-alcoholic beverages on subjective cardiovascular and
neurophysiological responses. Prior to participation, an informed
consent had been taken from the participants and experimental details
were explained to the participants.
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PARTICIPANTS

87 young adult females, 18-19 years of age were participated in the
study. Later, they were categorized into three groups. Group A
volunteers (n=46) were allowed to consume cold beverages in the form
of soft drinks. Group B (n=21) and C (n=20) participants were
instructed to consume hot beverages as tea and green tea respectively.
Cardiovascular and neurophysiological responses were determined
prior to and after 45 minutes of beverages consumption. Participants
were requested to restrain from any kind food stuff except water for 3
hours before the experimental trials.

NEUROPHYSIOLOGICAL RESPONSES
REACTION TIME TEST

Fingertip reaction time of the participants was assessed before and after
the consumption of beverages with the help of old manual “Drop Ruler
Method” in neuroscience lab. Participants were asked to extend their
right hands and hold out their thumb and forefingers. The 0 centimeter
mark on the ruler was kept in between the subject's fingers. Later, they
were allowed to catch the ruler with these two fingers when dropped.
Point over the ruler was observed when it was caught by the
participants. Distance was taken in centimeters later converted in
milliseconds.

CONCENTRATION TEST

Volunteer’s concentration was evaluated by “Einstein Distraction
Index”, a great technique to concentrate and avoid distraction for a
specified period of time. Participants were provided with a blank piece
of paper, with a phrase “I won’t be distracted by that anymore” at the
top of the paper. For about 5 minutes, they were given a passage for
reading and instructed that every time if they were distracted, they
were marked a check over that phrase, read that phrase silently and
continue the reading again. After the passage of 5 minutes, checks
marked the phrase were counted as the number of distractions that
participants had in five minutes. All participants were provided with
same passage for reading.

CARDIOVASCULAR PARAMETERS

Subjective cardiovascular signs of the participants such as blood
pressure, heart rate and pulse were measured before and after the
ingestion of beverages.

RESULTS

Statistically, data were analyzed by using Student’s t test. As far as
neurophysiological responses were concerned, improvement in reaction
time test was noticeable among all participants. But the participants
who assorted in group B had consumed caffeine in combination with
L-theanine in the form of tea were found to be more focused and
alerted towards the stimuli and come up with significant results
(P<0.05). Concentration test of the participants was assessed by
considering number of distractions during passage reading for about 5
minutes. L-theanine alone (green tea) and in combination with caffeine
(tea) was proved to be more sufficient in enhancing concentration and
focusing power of the individuals by reducing the distractions during a
task at hand. After the consumption of tea (caffeine + L-theanine) and
green tea (L-theanine), group B and C volunteers were evaluated to be
more concentrated and deliberated during a passage reading task
respectively (P<0.05) as compared to group A individuals (P=0.20)
(Figure 1). Analysis of cardiovascular parameters with statistical tools
clearly revealed that decline in systolic blood pressure was determined
among each group participants, but a significant reduction in systolic
blood pressure by 13 and 19 mm Hg was evident amongst the
candidates of group A and C who were assigned for the intake of soft
drink (caffeine) and green tea (L-theanine) respectively (P<0.05) as
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compared to individuals who were belonged to tea (caffeine + L-
theanine) consumption group. Similarly, a considerable decline in
diastolic blood pressure by 12 mm Hg was more noticeable among the
participants who were subjected to consume soft drink (caffeine) and
green tea (L-theanine) (P<0.05) as compared to the group B, tea
consumers (Figure 2). Physiological rise in the heart rate of the
individuals was observed when their basal heart rates were taken
before and after consumption of hot and cold beverages. But a less
significant rise in heart rate by 1bpm was remarkable among group C
(L-theanine) candidates (P=0.31). In contrast to heart rate, a
significant increase in pulse rate by 10 bpm was reported within the
members of group C, green tea (L-theanine) consumers (P=0.01)
(Figure 3).
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Figure 1: Comparative effects of caffeine (soft drink), L-theanine
(green tea) and caffeine + L-theanine (tea) were observed before and
after the consumption of beverages with the help of reaction time and
concentration test scores (Mean £ S.E.).
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Figure 2: Expression of changes in systolic and diastolic blood pressure
(Mean + S.E.) before and after the consumption of caffeine (soft
drink), L-theanine (green tea) and caffeine + L-theanine (tea) among
different group participants.
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Figure 3: Expression of changes in heart rate and pulse rate (Mean +
S.E.) of the candidates before and after the consumption of caffeine
(soft drink), L-theanine (green tea) and caffeine + L-theanine (tea).

Table: Changes in Neurophysiological (RTT & CT) and
Cardiovascular parameters (SBP, DBP, HR & PR)
Param | Group A (n=46) Group B (n=21) Group C (n=20)
eters Before After Before After Before After
RTT 0.176x | 0.170+ | 0.177+ | 0.159+ | 0.176+ | 0.168+
0.001 0.002 0.002 0.003 0.002 0.003
CT 25440 | 2.37#0 | 2570 | 1.15+0 | 2.65+0 | 2.06+0
.10 .19 .18 .15 12 .19
SBP 119+1 106+1. | 114+2. | 108+1. | 124+3. | 105#1.
81 56 23 63 18 98
DBP 81+1.6 | 69+1.3 | 78+2.2 | 73x15 | 84+3.0 | 72+15
7 0 7 8 1 1
HR 86+1.5 | 95+2.0 | 87+2.3 | 94+3.4 | 90+2.2 | 91+2.3
7 3 7 6 9 7
PR 75+£2.2 | 7625 | 70+2.2 | 71+2.2 72+2.7
4 5 7 7 82+4.0 1
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Abbreviations: RTT (reaction time test), CT (concentration test), SBP
(systolic blood pressure), DBP (diastolic blood pressure), HR (heart
rate) and PR (pulse rate)

DISCUSSION

The study was conducted to investigate the effects of non-alcoholic hot
and cold beverages on subjective cardiovascular signs and
neurophysiological responses of the participants. During a reaction
time test, participants were found to be more alert and energetic after
the consumption of caffeine and L-theanine containing beverages.
Surprisingly, less time was taken by the participants of group B that
consumed tea (caffeine + L-theanine) to react against a stimulus. As far
as caffeine is concerned, low doses (35 mg) of particular stimulant has
pronounced effects on cognitive performance in association with
alertness, motivation, concentration and well being (Pandey, 2010).
Moreover, during a concentration test, performance of group B (tea)
and C (green tea) participants was sufficient with reduced number of
distractions. Several studies support that during resting state, L-
theanine increases mental alertness by producing alpha waves bands
letting the individuals’ brain to be relaxed as well (Klein, 2007; Cahn,
2006; Montez, 2009). Oscillations and activity in the alpha-band has
been linked with general attention processes (Montez, 2009). For
example, when a human’s brain focuses its attention in receiving
information coming from one sensory modality (e.g. auditory) while
trying to there is a very specific pattern of alpha activity when humans
focus their attention on information coming from one sensory modality
while excluding inputs coming from another distracting sensory
modality (e.g. visual), a very specific pattern of alpha waves activity is
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noticeable (Swartz, 1998). Furthermore, Lipton Institute of Tea
charged two randomized, double-blind crossover studies to investigate
the effects of black tea on focused attention, by conducting
standardized tests on alertness and subjective questionnaires. Results of
the study revealed that L-theanine and caffeine, the two components of
tea enhance the ability to focus and alertness after the consumption of
1-2 cups of black tea.During the determination of subjective
cardiovascular signs, a tremendous decline in both systolic and
diastolic blood pressure was observed after consuming soft drink
(caffeine) and green tea (L-theanine) as compared to tea (caffeine + L-
theanine) ingestion. These findings reveal that beverages that are rich
with either caffeine or L-theanine do not augment blood pressure
whereas a beverage that comprise of both caffeine and L-theanine is
less effective in reducing blood pressure. Numerous studies are come
up with the finding that those individuals who do not consume
caffeinated beverages on regular basis or recently withdraw caffeine
intake, if caffeine is given to these individuals, a moderate rise in
systolic (8 to 12 mm Hg) and diastolic (5 to 7 mm Hg) blood pressures
will be observed that return to baseline values within 2 to 3 days
because of the development of caffeine’s tolerance. Furthermore,
among the participants a significant increment in heart rate was
manifested when caffeine was taken alone and in combination with L-
theanine as compare to ingestion of L-theanine only. Few experimental
studies have revealed that exposure to any stressful stimuli causes
caffeine to show similar physiological responses as human body makes
homeostatic adjustments by raising plasma levels of the major stress
hormones, including epinephrine, norepinephrine and cortisol leading
to the activation of both components of neuroendocrine stress
responses such as sympathetic adrenal-medullary and the hypothalamic
pituitary adrenal-cortical. In the end, when caffeinated beverages are
taken in everyday life, caffeine starts to act like a stressor itself (James,
2002). In our study, as participants were already known to details of
the experiments so they might felt stressful against reaction time and
concentration test that were assessed after noting down individuals’
cardiovascular parameters. In contrast to heart rate, a less prominent
increment was observed pulse rate when caffeine was taken alone and
in combination with L-theanine. Surprisingly, a significant decline was
examined when L-theanine was taken alone in the form of green tea.
Findings of our study highlight a recent prospective cohort study in
which a significant reduction in mortality due to cardiovascular
diseases (26%), stroke (37%) and cerebral infarction (51%) was
observed in 240,530 Japanese Adults that consumed 5 or more cups of
green tea per day. In the end, according to a research that has been
published in a recent issue of the American Journal of Cardiology,
although people who drank green tea everyday were no less likely to
have coronary artery disease than people who did not drink tea, they
were much less likely to have a heart attack.( Kuriyama, 2006).In last,
due to less numbers of young adults males we decided to do not
include the data of male participants. The parameters that were
examined in female participants might be evaluated with different
findings in male volunteers. In future, we would like to reproduce the
study with male candidates along with gender comparsion.

CONCLUSION

Our research study suggested that caffeine in combination with L-
theanine improves cognitive performance and selective attention.
Furthermore, helps to avoid distracting stimuli by letting brain to be
more concentrated and alert. In addition, consumption of caffeine and
L-theanine can be a preventive approach in reducing cardiovascular
risks.
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