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Abstract: Coffee is among the most widespread and healthiest beverages in the world. Coffee
typically contains more caffeine than most other beverages, and is widely and frequently consumed.
Thus, it contributes significantly to the overall caffeine consumption within the general population,
particularly in adults. Controversies regarding its benefits and risks still exist as reliable evidence is
becoming available supporting its health-promoting potential. Several lines of evidence have
highlighted the beneficial effects towards several disease conditions including Type Il diabetes,
hepatitis C virus, hepatocellular carcinoma, nonalcoholic fatty liver disease and neurodegenerative
disorders such as Alzheimer's disease (AD), Parkinson's disease (PD) and Amyotrophic Lateral
Sclerosis (ALS). The health-promoting properties of coffee are largely attributed to its rich
phytochemistry, including caffeine, chlorogenic acid, caffeic acid, and hydroxy hydroquinone. In this
minireview, an attempt has been made to discuss the various evidences which are mainly derived from
animal and cell models. Various mechanisms chiefly responsible for the beneficial effects of caffeine
have also been briefly outlined. A short note on the undesirable effects of excessive coffee intakes is
also presented.
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Cerebrospinal Fluid; cAMP: cyclic Adenosine monophosphate; ERK: Extracellular signal-regulated
kinase; EHT: Eicosanoyl-5-hydroxytryptamide; GDNF: Glial derived neurotrophic factor; JNK: c-Jun
NH; Terminal kinase; LPS: Lipo polysaccharide; MAPK: Mitogen activated protein kinase; MPTP: 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine; NDD: neurodegenerative diseases; NTFs: Neurotrophic
factors; NF«kB: Nuclear factor kappa B; NGF: Nerve growth factor; 6-OHDA: 6-hydroxydopamine; SN:
Substantia nigra; TH: Tyrosine hydroxylase; TNF-a: Tumor-necrosis factor a; PD: Parkinson's disease;
PARP: Poly(ADP-ribose) polymerases; PKC: Protein kinase C; PG: Prostaglandins; P-CaMKII:
Phosphorylated calcium calmodulin kinase Il; VEGF: Vascular endothelial growth factor

1. Introduction

Coffee is among the most popular and healthiest beverages in the world [1]. Being a rich source of
several biologically active natural metabolites, it possesses a variety of therapeutic effects and functional
properties. Coffee has been considered as a drink which has multiple beneficial effects on human health
such as cardioprotective, neuroprotective, hepatoprotective, nephroprotective, etc. Nevertheless, heavy
coffee consumption may be related to some unpleasant symptoms, mainly anxiety, headache, increased
blood pressure, nausea, and restlessness. During the past two decades, several lines of evidence have
shown various modulatory effects of coffee (caffeine) in experimentally induced neurodegenerative
conditions especially in animal models of neurodegenerative diseases (NDD). In addition,
phytochemical studies showed that caffeine is the main responsible constituent for antidepressant effects
of coffee through multiple molecular mechanisms.

2. Coffee consumption in humans

Coffee is the leading worldwide beverage after water and its trade exceeds US $10 billion
worldwide. Controversies regarding its benefits and risks still exist as reliable evidence is becoming
available supporting its health promoting potential. The health-promoting properties of coffee are often
attributed to its rich phytochemistry, including caffeine, chlorogenic acid, caffeic acid,
hydroxyhydroquinone etc. Data from animal studies, epidemiological findings and meta-analyses
regarding coffee consumption have revealed its inverse correlation with that of diabetes mellitus, various
cancers and NDD.

Caffeine is the most widely consumed psychoactive substance in the world. As a component of tea,
coffee, and soft drinks, caffeine is the most commonly ingested methylxanthine. Caffeine consumption
per capita in the United Kingdom, Sweden, and Finland is estimated to be between 100 and 400 mg per
person per day, with peak consumption, where caffeine intake comes predominantly from tea and coffee,
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respectively. In humans, peak plasma caffeine is reached between 15 and 120 minutes after oral
ingestion at doses of 5 to 8 mg/kg. The caffeine half life for these corresponding doses ranged from 0.7
to 1.2 h in rodents, 3 to 5 h in monkeys and 2.5 to 4.5 h in humans.

Over the last several decades, caffeine consumption has significantly increased. Coffee continues to
be the primary source of caffeine, followed by soft drinks and tea for the average consumer in the
United States [2]. Besides beverages, caffeine is now being added to food products such as potato chips,
chocolates, and bottled water, confirming its growing popularity. Current estimates suggest 85% of the
US population consume at least one caffeinated beverage daily, mainly sought out for its properties to
improve mental alertness, concentration, and fatigue [2,3]. While there are no specific recommendations
for caffeine intakes in the U.S, the FDA has suggested that for healthy adults, caffeine intake up to
400 mg/day (around 5 cups of coffee) is not associated with adverse health effects [4].

Several epidemiological findings have suggested that coffee consumption is associated with a
decrease in all-cause mortality. Multiple studies have highlighted the beneficial effects for several
disease conditions such as type Il diabetes mellitus, hepatitis C virus, hepatocellular carcinoma,
nonalcoholic fatty liver disease and neurodegenerative disorders [2,5-13]. Life-long coffee (caffeine)
consumption has been associated with prevention of cognitive decline, and reduced risk of developing
stroke and NDD [14]. More importantly, caffeine is shown to have several positive effects on brain
function. It has been shown to increase alertness and well-being, help concentration, improve mood and
limit depression. Caffeine may disturb sleep, and raise anxiety but only in sensitive individuals. Caffeine
does not seem to lead to dependence, although a minority of people experience withdrawal symptoms.
Caffeine is also known to potentiate the effect of regular analgesic drugs in headache and migraine.

The aim of the present review is to highlight the current understanding of the beneficial properties of
coffee/caffeine and its specific role in alleviating neurodegenerative conditions. Efforts have been made to
document the recent findings with specific reference to the three major neurodegenerative disorders viz.,
Parkinson's disease (PD), Alzheimer's disease (AD), and amyotrophic lateral sclerosis (ALS). Further, a
short note on adverse impacts of coffee consumption has also been presented.

3. Neuromodulatory role in neurodegenerative diseases

Several epidemiological studies have associated coffee consumption with an inverse risk of
developing ND. Chronic caffeine consumption has been inversely associated with the risk of developing
dementia and major NDD such as AD, PD and ALS [15-18]. In the following sections, evidence in
experimental models of NDD has been critically examined. More emphasis is laid on caffeine since a
large body of experimental data is derived from studies which involve caffeine.

Caffeine has multiple targets in the brain such as adenosine, ryanodine, and y-aminobutyric acid
receptors and cyclic nucleotide phosphodiesterase isoenzymes [19]. Its action on adenosine A2a
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receptors may explain the psychomotor stimulant effect, mediated by dopaminergic mechanisms. Coffee
contains numerous components that may also contribute significantly towards its neuroprotective effects.
One of these compounds is eicosanoyl-5-hydroxytryptamide (EHT), which is demonstrated to
ameliorate the phenotype associated with decreased protein aggregation and phosphorylation, improves
neuronal integrity, and reduces neuroinflammation in transgenic mice [20,21]. Chlorogenic acid, a major
polyphenol contained in coffee, is known to inhibit several dopaminergic /a-synuclein-related
phenomena, including the oxidation of dopamine, the interaction of oxidized dopamine with a-synuclein,
and the oligomerization of a-synuclein [22]. Interestingly, caffeine is also shown to improve the
sensitivity of ryanodine channels to calcium ions, and high calcium ion concentrations are harmful to
motor neurons in persons with ALS [23].

3.1. Protective effects of Coffee, caffeine in AD and ALS

Epidemiologic studies have suggested that caffeine/coffee could be an effective therapeutic against
Alzheimer's disease (AD). Studies utilising a transgenic mouse model examined if caffeine and coffee
exert beneficial actions to protect against or reverse AD-like cognitive impairment and AD pathology.
AD mice administered caffeine in drinking water from young adulthood into older age showed
improvement in memory impairment and lower brain levels of the amyloid-beta (AB) protein. Moreover,
"aged" cognitively-impaired AD mice exhibited memory restoration and lower brain levels of AB-
protein following only 1-2 months of caffeine treatment [24,25]. Previously, acute doses of caffeine
were also reported rapidly to reduce the AP levels in both brain interstitial fluid and plasma without
affecting AP elimination in young adult as well as aged AD transgenic mice. Further, in aged AD mice,
long-term oral caffeine treatment provided sustained reductions in plasma Af levels and concomitantly
reduced both soluble and AP level deposits in the hippocampus and cortex. The neuroprotective effects
of caffeine were also evidenced in both 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 6-
hydroxydopamine (6-OHD) models [26]. A recent study has demonstrated that caffeine and A2A R
inactivation decreases Machado-Joseph disease (MJD)-associated striatal pathology [27]. MJD is a
neurodegenerative disorder associated with an abnormal CAG expansion, which translates into an
expanded polyglutamine tract.

Caffeine has been shown to play a role in improving memory performance and exerts protective
effects against AD by increasing the expression or activity of Na'-K*-ATPase [28]. In a recent study,
Han et al [29] found that the long-term consumption of caffeine increased CSF production with a
concomitant increase in the expression of Na'-K*-ATPase and increased cerebral blood flow. Long-term
caffeine consumption could exert protective effects against AD at least in part by facilitating CSF
production [30]. Caffeine and SCH58261, modulators of adenosinergic receptors, were able to reverse
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age-associated memory impairment and also normalized Na'-K*-ATPase activity [31].These findings
clearly suggest that caffeine may play a role in ALS by normalizing Na'-K*-ATPase activity.

Several findings suggest that caffeine may play a significant modulatory role in ALS via various
mechanisms. Glutamate, an excitatory neurotransmitter has been proposed to play a significant role in
ALS. Chronic neuroinflammation is associated with an increase in extracellular levels of glutamate
and drugs that limit the effects of glutamate at neuronal receptors have been shown to indirectly
reduce the neuroinflammatory response of microglia cells. Interestingly, caffeine attenuated the
number of activated microglia within the hippocampus of animals with LPS-induced and age-related
inflammation [32]. Caffeine attenuates excitatory amino acid transporter type 3 (EAAT-3) activity and
this reducing effect of caffeine was shown to be mediated by protein kinase C (PKC) and
phosphatidylinositol 3-kinase (PI3K) in Xenopus oocytes [33]. In another study, caffeine decreased the
reserpine-induced increase in extracellular glutamate in the striatum of rats with an alteration of
vesicular monoamine transporter (VMAT2) function [34]. Maternal caffeine intake during gestation
causes downregulation of Aland metabotropic glutamate receptors in the brain of both rat mothers and
fetuses [35]. Caffeine also affects receptors in the heart, causing a decrease in metabotropic glutamate
receptors (MGIuRs) from both maternal and fetal hearts [36], suggesting an in vivo cross-talk
mechanism between adenosine and glutamate receptors in peripheral tissues.

Evidence in cell models: The molecular events underlying the protective effect of caffeine have
been investigated in various cell models. Caffeine inhibited ultraviolet (UV)-induced phosphorylation of
p38 MAPK in A2058 melanoma cells [37] and also inhibited UV-induced activation of SEK, an
upstream MAPK kinase of JNK, resulting in suppression of both K*-channel-involved and DNA
damage-induced p53 activation [38]. In osteosarcoma cells lines, caffeine inhibited proliferation and
suppressed nuclear factor kB (NF-kB), AKT, and ERK activities [39]. Caffeine treatment stimulated
CAMP-dependent protein kinase A (PKA) and phospho-cyclic AMP response element binding protein
(phospho-CREB) and decreased phospho-JNK and phospho-ERK expression in the striatum of AD
transgenic mice [40]. Caffeine treatment repressed extracellular signal-regulated kinase (ERK)-mediated
c-Fos phosphorylation but evoked p38 MAPK-mediated c-Jun phosphorylation [41]. Caffeine also
attenuated the lipopolysaccharide (LPS)-induced phosphorylation of ERK in microglial cells [42].

3.2. Protective effects in PD models: Effect of EHT

Consumption of coffee is reported to be associated with reduced risk of Parkinson's disease (PD),
an effect that has been attributed to caffeine. Evidence suggest that EHT, one of the compounds present
in coffee is known to be chiefly responsible for its protective effect against PD. It ameliorates the
phenotype in transgenic mice and significantly decreases protein aggregation and phosphorylation,
improved neuronal integrity and reduced neuroinflammation. In a recent study [43] the modulatory

AIMS Public Health Volume 3, Issue 2, 407-422.



412

effect of EHT was investigated in an MPTP model of PD. Mice fed a diet containing EHT for four
weeks exhibited dose-dependent preservation of nigral dopaminergic neurons following MPTP
challenge compared to animals given control feed. Reductions in striatal dopamine and tyrosine
hydroxylase content were also less pronounced with EHT treatment. EHT not only markedly attenuated,
the neuroinflammatory response, but also reduced indices of oxidative stress and JNK activation.
Further this study also demonstrated that EHT had a direct anti-inflammatory effect in cultured
primary microglia and astrocytes, as evidenced by the repression of lipopolysaccharide-induced NFkB
activation, INOS induction, and nitric oxide production. Further, EHT also exhibited robust
antioxidant activity in vitro. Additionally, EHT ameliorated MPP(+)-induced demethylation of
phosphoprotein phosphatase 2A (PP2A), and cytotoxicity in SH-SY5Y cells.

The pathophysiology of PD is largely due to the nigrostriatal DA system, with a decrease in
the activity, synthesis, and mRNA levels of TH in the striatum of PD and experimental animal
models [44,45]. Tyrosine hydroxylase (TH) is the rate-limiting enzyme in the biosynthesis of dopamine
and other catecholamines. Chronic caffeine intake prevented the degeneration of DA cell bodies in the
SN of rats following chronic intracerebroventricular infusion of MPTP [46]. Earlier studies have shown
that caffeine stimulates Ca** entry through store-operated channels to activate TH in bovine chromaffin
cells [47]. Animals that received caffeine for nine consecutive days at doses of 20, 40, and 80 mg/kg of
body weight displayed increased TH mRNA levels in the SN and the ventral tegmental area [48]. Further,
in an experimental model of PD induced by pesticides, Paraquat and Maneb, caffeine (20 mg/kg)
significantly reduced the TH immunoreactivity and loss of dopaminergic neurons [49].

4. Mechanisms underlying the neuromodulatory effects of Coffee( caffeine)

Various mechanism/s have been explained to be largely contributing towards the beneficial effects
of caffeine and the evidences are derived from studies in both cell models and animal models. The major
mechanisms comprise of the specific effects of caffeine on neurotrophic factors, Poly (ADP-Ribose)
Polymerases, Vascular Endothelial Growth Factor, inflammatory processes and anti-oxidative defenses.
These have been briefly discussed below.

4.1. Modulatory effect of Caffeine on neurotrophic factors

Several earlier studies have shown that acute treatment with caffeine improves recognition memory,
and caffeine prevents age-associated recognition memory decline and changes BDNF and TrkB content
in mice [50,51]. The effects of caffeine were significant and prevented the weight-gain associated with a
high-fat diet and cognitive impairment. The experimental evidence clearly demonstrated that chronic
caffeine treatment prevented the impairment of long-term memory as measured by performance in the
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radial arm water maze task and normalized late phase long-term potentiation (LTP) in area CA1 of the
hippocampi of sleep-deprived anaesthetized rats. Further, Caffeine treatment substantially reduced age-
related impairments in memory in an inhibitory avoidance paradigm and concomitantly elevated the
BDNF levels in the hippocampus [52] or BDNF mRNA and protein levels in the carotid body and
nucleus tractus solitaries of female rats [53]. Another study showed that caffeine prevented stress-
induced LTP impairment in rats. Western blot analysis showed a reduction of the basal levels of the
phosphorylated calcium calmodulin kinase 1l (P-CaMKII), total CaMKII, and BDNF in area CAl of
stressed rats [54].

Neurotrophic factors (NTFs) such as NGF, BDNF, NTF-3, and GDNF are keys to surviving
various neuronal insults, and they promote neuronal regeneration following injury. Chronic caffeine
treatment was shown to significantly reverse memory impairment and the expression of BDNF and
TrkB in a transgenic mouse model of neurodegenerative disease with a dose-response effect [29].
Likewise, caffeine also restored a decrease in hippocampal BDNF seen in high-fat-fed animals [55].

4.2. Caffeine and Poly(ADP-Ribose) Polymerases( PARPS)

Caffeine metabolites are inhibitors of PARPs, which are involved in a wide range of molecular and
cellular processes, including maintenance of genome stability, regulation of chromatin structure and
transcription, cell proliferation and apoptosis [56]. The major caffeine metabolite 1,7-dimethylxanthine
has significant PARP-1-inhibiting activity in cultured epithelial and endothelial cells at physiological
concentrations [57]. Caffeine at a concentration of 100 mM inhibited PARP-1 synthesis in permeable
cells [58].

4.3. Caffeine and Vascular Endothelial Growth Factor

Several studies suggest that caffeine may modulate the expression of Vascular endothelial growth
factor (VEGF), a key mediator of angiogenesis. Angiogenesis is a complex process that involves
coordinated steps of endothelial cell activation, proliferation, migration, tube formation, and capillary
sprouting. Previous studies have shown that adenosine up-regulates VEGF expression in cultured
myocardial vascular smooth muscle cells and human glioblastoma cell lines [59,60]. Adenosine is
known to interact with four subtypes of G- protein-coupled receptors, termed Al, A2A, A2B, and A3.
A2AR activation induces VEGF in human retinal endothelial cells [61]. Caffeine inhibits the adenosine-
induced accumulation of hypoxia-inducible factor 1a, VEGF, and interleukin-8 expression in hypoxic
human colon cancer cells [62]. Pretreatment of the human fetal kidney cell line with caffeine resulted in
complete inhibition of hypoxia-induced VEGF gene expression [63].
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4.4. Effects on inflammatory processes

Caffeine substantially suppressed the LPS-induced pro-inflammatory mediators PGE2 and tumor-
necrosis factor a (TNF-a) in BV2 microglial cells [42]. Caffeine exerts its effects on macrophages by
altering the cAMP level and PG synthesis [64]. Caffeine is often used in combination with other
analgesics, which augments their effect. Both paracetamol and caffeine dose-dependently inhibited
microglial PGE2 synthesis. In combination with acetylsalicylic acid, both the substances augmented the
inhibitory effect of acetylsalicylic acid on LPS-induced PGE2-synthesis. While paracetamol inhibited
only COX enzyme activity, caffeine inhibited COX-2 protein synthesis as well [65].

4.5. Coffee and oxidative stress mechanisms

In an animal model of ALS, coffee was found to elevate the antioxidant enzyme capacity
significantly in the brains of male G39A mice which showed improved motor performance [66]. When
applied to human neuronal SH-SY5Y cells, the major components of energy drinks (caffeine, taurine,
and guarana) induced a concentration-dependent non-enzymatic antioxidant potential, decreased the
basal levels of free radical generation, and reduced the activity of enzymes such as superoxide
dismutase (SOD) and catalase (CAT) especially when combined together [67]. Caffeine in
combination with indomethacin (an inhibitor of PG synthesis), exhibited a higher effect as evidenced
by increased cellular viability, reduced superoxide anion production and DNA fragmentation [64].

In recent studies, coffee chlorogenic acid, its derivatives and certain caffeine metabolites were
shown to reduce significantly some of the free radical damage sustained to DNA [68]. Caffeine protects
human skin fibroblasts from acute ROS-induced necrosis [69]. Additionally, methylxanthine caffeine
inhibits the DNA damage response in vitro and in vivo, regulates both cell proliferation and apoptosis
after DNA damage, inhibited ROS levels and reduced atherogenesis in ApoE-/-mice [70]. Pretreatment
with caffeinated coffee, decaffeinated coffee or chlorogenic acid also inhibited the H202-induced
downregulation of the antiapoptotic proteins- Bcl-2 and Bcl-X(L) while blocking proapoptotic cleavage
of caspase-3 and poly (ADP-ribose) polymerase [71]. Treatment with caffeine (or a selective A2A
receptor antagonist) significantly normalized the levels of ROS oxygen and reactive nitrogen species
that are usually increased in the brains of aged rats [31].

5. Effects of coffee on cognition and psychomotor behavior

Moderate (3-5 cups a day) coffee consumption in humans is associated with a significant
decrease in the risk of developing certain chronic diseases. However, the ability of coffee
supplementation to improve cognitive function in aged individuals and the effect of the individual
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components in coffee (e.g., Caffeine), has not been thoroughly evaluated. A recent study investigated
the effect of coffee on cognition and behaviour. They fed aged rats one of five coffee-supplemented
diets (0, 0.165, 0.275, 0.55, and 0.825%) for eight weeks and monitored motor and cognitive
behavior [72]. Aged rats supplemented with a 0.55% coffee diet (equivalent to 10 cups of coffee)
performed better in psychomotor testing (rotarod) and in a working memory task (Morris water maze)
compared to aged rats fed a control diet. The 0.165% coffee-supplemented group (3 cups) showed some
improvement in reference memory performance in the Morris water maze. In a subsequent study, the
effects of caffeine alone did not account for the performance improvements, showing that the
neuroprotective benefits of coffee are not due to caffeine alone, but rather due to other bioactive
compounds in coffee.

6. Undesirable Side Effects of coffee/caffeine

Several reports indicate that excessive intake of caffeine is associated with anxiety, headaches,
nausea, and restlessness [3,73]. Side effects (i.e., headache, fatigue, drowsiness) are reported to be
experienced when caffeine intake is stopped suddenly, although symptoms are mild and temporary.
Some but not all studies have shown an increased risk of hypertension and cardiovascular disease [3,74].
Moderate caffeine intake (less than 400 mg/day for healthy adults) does not adversely affect
cardiovascular health. Scientific data do not support adverse effects of moderate caffeine consumption
below 300 mg/day on reproductive health or pregnancy outcomes [75,76].

Tolerance to the psychostimulant and cardiovascular effects of caffeine usually develops within a
couple of days. High-dose caffeine intake has been reported to elicit symptoms of nervousness,
agitation, anxiety and insomnia, a syndrome called caffeinism. The majority of patients suffering from
caffeinism develop a variety of nervous, gastrointestinal, or cardiac symptoms after consumption of
differing quantities of caffeine, usually more than 250 mg. Acute states of confusion also have been
associated with very high levels of caffeine intake, more than 1000 mg per day. Anxiety and somatic
abnormalities have been observed in regular coffee drinkers even after absorption of small quantities
of caffeine (< 250 mg), but these people most likely were very sensitive to caffeine effects. Caffeinism
also has been associated with delirium, psychoses, and anorexia nervosa. Finally, several cases of
death have been reported following intravenous and oral absorption of an excessive amount of
caffeine (5-10 g). Symptoms observed in caffeine poisoning are agitation, anxiety, convulsions,
tachycardia, and coma, with death by pulmonary edema, ventricular fibrillation, and cardiopulmonary
arrest.
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7. Summary and Future perspectives

Since coffee (Caffeine) is a widely consumed food constituent and can exert a variety of
physiological effects, it has generated great research interest. Despite the longstanding consumption of
caffeine-containing beverages in the diet, there is a lack of comprehensive and current population-based
data on caffeine intakes. The introduction of functional beverages such as energy drinks, energy shots,
as well as a variety of speciality coffees, emphasises the need to understand and characterise the
beneficial effects of coffee on the brain physiology and neurodegenerative disorders. This assumes great
relevance since epidemiological evidence indicates an inverse correlation between coffee (caffeine)
consumption and NDD risk. Comprehensive efforts need to be directed towards understanding the
potential interaction between various protective compounds present in coffee and more randomised trials
are required to assess the effects of caffeine in the prevention of NDD such as AD and PD.

Acknowledgements

We would like to profusely thank the Department of Biotechnology (DBT), Ministry of Science
and Technology, India for the award of a Visiting Research Professorship under the North-East scheme.
The senior author works at the Department of Zoology, Nagaland University (Central), Lumami, 798627,
Nagaland.

Conflict of Interest

The authors declare they have no conflicts of interest in this article.

References

1. Frary CD, Johnson RK, Wang MQ. (2005) Food sources and intakes of caffeine in the diets of
persons in the United States. J Am Diet Assoc 105(1):110-3.

2. Mitchell, D C, Knight, CA, Hockenberry J, Teplansky R, Hartman TJ. (2014) Beverage caffeine
intakes in the U.S. Food Chem Toxicol 63: 136-42.

3. Heckman, M.A., Weil, J., Gonzalez de Mejia, E. (2010) Caffeine (1,3,7-trimethylxanthine) in
foods: a comprehensive review on consumption, functionality, safety, and regulatory matters. J
Food Sci 75: R77-R87.

4. U.S. Food and Drug Administration. Letter from Jeanne Ireland, Assistant Commissioner for
Legislation, FDA, to Senator Richard J. Durbin, August 10, 2012. Awvailable from:
http://www.durbin.senate.gov/public/index.cfm/files/serve?File_id=17eadaal-85e7-4ceb-a827-
be244fbddfab.

AIMS Public Health Volume 3, Issue 2, 407-422.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Frary%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=15635355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=15635355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20MQ%5BAuthor%5D&cauthor=true&cauthor_uid=15635355

417

5. Bambha, K., Wilson, L., Unalp, A., Loomba, R.,Neuschwander-Tetri, B., Brunt, E. et al. (2014)
Coffee consumption in NAFLD patients with lower insulin resistance is associated with lower risk of
severe fibrosis. Liver Int 34: 1250-8.

6. Freedman ND, Park Y, Abnet CC, Hollenbeck AR, Sinha R. (2012) Association of coffee drinking
with total and cause-specific mortality. N Engl J Med 366: 1891-904.

7. Molloy JW, Calcagno CJ, Williams CD, Jones FJ, Torres DM, Harrison SA. (2012) Association of
coffee and caffeine consumption with fatty liver disease, nonalcoholic steatohepatitis, and degree of
hepatic fibrosis. Hepatology 55(2): 429-36.

8. Anty, R., Marjoux, S., lannelli, A., Patouraux, S., Schneck, A., Bonnafous, S. et al. (2012) Regular
coffee but not espresso drinking is protective against fibrosis in a cohort mainly composed of morbidly
obese European women with NAFLD undergoing bariatric surgery. J Hepatol 57: 1090-6.

9. Birerdinc, A., Stepanova, M., Pawloski, L. and Younossi, Z. (2012) Caffeine is protective in patients
with non-alcoholic fatty liver disease. Aliment Pharmacol Ther 35: 76-82.

10. Catalano, D., Martines, G., Tonzuso, A., Pirri, C., Trovato, F. and Trovato, G. (2010) Protective role
of coffee in non-alcoholic fatty liver disease (NAFLD). Dig Dis Sci 55: 3200-6.

11. Gutierrez-Grobe, Y., Chavez-Tapia, N., Sanchez- Valle, V., Gavilanes-Espinar, J., Ponciano-
Rodriguez, G., Uribe, M. et al. (2012) High coffee intake is associated with lower grade
nonalcoholic fatty liver disease: the role of peripheral antioxidant activity. Ann Hepatol 11: 350-5.

12. Wilson, K., Kasperzyk, J., Rider, J., Kenfield, S.,van Dam, R., Stampfer, M. et al. (2011) Coffee
consumption and prostate cancer risk and progression in the Health Professionals Follow-up Study. J
Natl Cancer Inst 103: 876-84.

13. Liu, R., Guo, X., Park, Y., Huang, X., Sinha, R.,Freedman, N. et al. (2012) Caffeine intake, smoking,
and risk of Parkinson disease in men and women. Am J Epidemiol 175: 1200-7.

14. Nehlig A. (2016) Effects of coffee/caffeine on brain health and disease: What should | tell my
patients? Pract Neurol 16(2): 89-95.

15. Beghi, E., Pupillo, E., Messina, P., Giussani, G., Chio, A., et al. (2011) Coffee and amyotrophic
lateral sclerosis: a possible preventive role. Am J Epidemiol 174: 1002-8.

16. Hu, G., Bidel, S., Jousilahti, P., Antikainen, R., Tuomilehto, J. (2007) Coffee and tea consumption
and the risk of Parkinson’s disease. Mov Disord 22: 2242-8.

17. Vila-Luna, S., Cabrera-Isidoro, S., Vila-Luna, L., Juarez-Diaz, |., Bata- Garcia, J.L., et al. (2012)
Chronic caffeine consumption prevents cognitive decline from young to middle age in rats, and is
associated with increased length, branching, and spine density of basal dendrites in CAl
hippocampal neurons. Neuroscience 202: 384-95.

18. Popat, RA., Van Den Eeden, SK., Tanner, CM., Kamel, F., Umbach, DM., Marder, K., et al.
(2011) Coffee, ADORAZ2A, and CYP1A2: the caffeine connection in Parkinson's disease. Eur J
Neurol 18: 756-65.

AIMS Public Health Volume 3, Issue 2, 407-422.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Molloy%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=21987293
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calcagno%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=21987293
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=21987293
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21987293
https://www.ncbi.nlm.nih.gov/pubmed/26677204
https://www.ncbi.nlm.nih.gov/pubmed/26677204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Popat%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=21281405
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Den%20Eeden%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=21281405
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tanner%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21281405
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21281405
http://www.ncbi.nlm.nih.gov/pubmed/?term=Umbach%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21281405
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marder%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21281405

418

19.

20.

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Fisone, G., Borgkvist, A., Usiello, A. (2004) Caffeine as a psychomotor stimulant: mechanism of
action. Cell Mol Life Sci 61: 857-72.

Lee, KW., Chen, W., Junn, E., Im, J.Y., Grosso, H., et al. (2011) Enhanced phosphatase activity
attenuates a-synucleinopathy in a mouse model. J Neurosci 31: 6963-71.

Basurto-Islasa G, Blancharda, J, Tunga, YC. Fernandezb, JR Voronkov M, Stock M, Zhang S, Stock,
JB, Igbala K. (2014) Therapeutic benefits of a component of coffee in a rat model of Alzheimer
disease. Neurobiol Aging 35(12): 2701-12.

Teraoka, M., Nakaso, K., Kusumoto, C., Katano, S., Tajima, N., et al. (2012) Cytoprotective effect
of chlorogenic acid against a-synuclein Related toxicity in catecholaminergic PC12 cells. J Clin
Biochem Nutr 51(2): 122-7.

Ladewig, T., Kloppenburg, P., Lalley, P.M., et al. (2003) Spatial profiles of store-dependent calcium
release in motoneurones of the nucleus hypoglossus from newborn mouse. J Physiol 547: 775-87.
Cao, C., Cirrito, J.R., Lin, X., Wang, L., Verges, D.K., et al. (2009) Caffeine suppresses amyloid-
beta levels in plasma and brain of Alzheimer’s disease transgenic mice. J Alzheimers Dis 17: 681-97.
Arendash GW, Cao C. (2010) Caffeine and coffee as therapeutics against Alzheimer's disease. J
Alzheimers Dis 20 Suppl 1(1): 117-26.

Chen, X., Lan, X., Roche, 1., Liu, R., Geiger, J.D. (2008) Caffeine protects against MPTP-induced
blood-brain barrier dysfunction in mouse striatum. J Neurochem 107: 1147-57.

Goncalves, N., Simoes, A.T., Cunha, R.A., de Almeida, L.P. (2013) Caffeine and adenosine A2A
receptor inactivation decrease striatal neuropathology in a lentiviral-based model of Machado-Joseph
disease. Ann Neurol 73: 655-66.

Zhang, X., Wu, M., Lu, F., Luo, N., He, Z.P., Yang, H. (2014) Involvement of alpha7 nAChR
Signaling Cascade in Epigallocatechin Gallate Suppression of beta-Amyloid-Induced Apoptotic
Cortical Neuronal Insults. Mol Neurobiol 49(1): 66-77.

Han, K., Jia, N., Li, J., Yang, L., Min, L.Q. (2013) Chronic caffeine treatment reverses memory
impairment and the expression of brain BNDF and TrkB in the PS1/APP double transgenic mouse
model of Alzheimer’s disease. Mol Med Rep 8: 737-40.

Wostyn P, Van Dam D, Audenaert K, De Deyn PP. (2011) Increased Cerebrospinal Fluid Production
as a Possible Mechanism Underlying Caffeine's Protective Effect against Alzheimer's Disease. Int J
Alzheimers Dis 2011:617420.

Leite, M.R., Wilhelm, E.A., Jesse, C.R., Brandao, R., Nogueira, C.W. (2011) Protective effect of
caffeine and a selective A2A receptor antagonist on impairment of memory and oxidative stress of
aged rats. Exp Gerontol 46: 309-15.

Brothers, H.M., Marchalant, Y., Wenk, G.L. (2010) Caffeine attenuates lipopolysaccharide-induced
neuroinflammation. Neurosci Lett 480: 97-100.

AIMS Public Health Volume 3, Issue 2, 407-422.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Arendash%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=20182037
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20182037

419

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Shin, H.J., Ryu, J.H., Kim, S.T., Zuo, Z., Do, S.H. (2013) Caffeine-induced inhibition of the activity
of glutamate transporter type 3 expressed in Xenopus oocytes. Toxicol Lett 217: 143-8.
Gotembiowska, K., Dziubina, A. (2012) The effect of adenosine A2A receptor antagonists on
hydroxyl radical, dopamine, and glutamate in the striatum of rats with altered function of VMAT?2.
Neurotox Res 22: 150-7.

Leon, D., Albasanz, J.L., Ruiz, M.A., Iglesias, I., Martin, M. (2005) Effect of chronic gestational
treatment with caffeine or theophylline on Group | metabotropic glutamate receptors in maternal and
fetal brain. J Neurochem 94: 440-51.

Iglesias, I., Leon, D., Ruiz, M.A., Albasanz, J.L., Martin, M. (2006) Chronic intake of caffeine
during gestation down regulates metabotropic glutamate receptors in maternal and fetal rat heart.
Amino Acids 30: 257-66.

Ravi, D., Muniyappa, H., Das, K.C. (2008) Caffeine inhibits UVmediated NF-kappaB activation in
A2058 melanoma cells: an ATMPKC delta-p38 MAPK-dependent mechanism. Mol Cell Biochem
308: 193-200.

Wang, L., Dai, W., Lu, L. (2005) Ultraviolet irradiation-induced K+ channel activity involving p53
activation in corneal epithelial cells. Oncogene 24: 3020-7.

Miwa, S., Sugimoto, N., Yamamoto, N., Shirai, T., Nishida, H., et al. (2012) Caffeine induces
apoptosis of osteosarcoma cells by inhibiting AKT/mTOR/S6K, NF-kB and MAPK pathways.
Anticancer Res 32: 3643-9.

Zeitlin R, Patel S, Burgess S, Arendash GW, Echeverria V. (2011) Caffeine induces beneficial
changes in PKA signaling and JNK and ERK activities in the striatum and cortex of Alzheimer's
transgenic mice. Brain Res 1417: 127-36.

Liu, W.H., Chang, L.S. (2010) Caffeine induces matrix metalloproteinase-2 (MMP-2) and MMP-9
down-regulation in human leukemia U937 cells via Ca®*/ROS-mediated suppression of ERK/c-fos
pathway and activation of p38 MAPK/c-jun pathway. J Cell Physiol 224: 775-85.

Kang, C.H., Jayasooriya, R.G., Dilshara, M.G., Choi, Y.H., Jeong, Y.K., et al. (2012) Caffeine
suppresses lipopolysaccharide-stimulated BV2 microglial cells by suppressing Akt-mediated NF-«xB
activation and ERK phosphorylation. Food Chem Toxicol 50: 4270-6.

Lee, Kang-Woo., Im, Joo-Young., Woo, Jong-Mi., Grosso, H., Kim, Yoon-Seong., Cristovao,
AC. (2013) Neuroprotective and Anti-inflammatory Properties of a Coffee Component in the
MPTP Model of Parkinson’s Disease. Neurotherapeutics 10: 143-53.

Feve, A.P. (2012) Tyrosine Hydroxylase and Parkinsons Disease. CNS Neurol Disord Drug
Targets 11: 450-5.

Zhu, Y., Zhang J., Zeng Y. (2012) Overview of Tyrosine Hydroxylase in Parkinson’s disease. CNS
Neurol Disord Drug Targets 11: 350-8.

AIMS Public Health Volume 3, Issue 2, 407-422.


https://www.ncbi.nlm.nih.gov/pubmed/21907331
https://www.ncbi.nlm.nih.gov/pubmed/21907331
https://www.ncbi.nlm.nih.gov/pubmed/21907331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20KW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20JM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grosso%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cristovao%20AC%5Bauth%5D

420

46. Sonsalla, P.K., Wong, L.Y., Harris, S.L., Richardson, J.R., Khobahy, I., et al. (2012) Delayed
caffeine treatment prevents nigral dopamine neuron loss in a progressive rat model of Parkinson’s
disease. Exp Neurol 234: 482-7.

47. McKenzie, S., Marley, P.D. (2002) Caffeine stimulates Ca®* entry through store-operated channels
to activate tyrosine hydroxylase in bovine chromaffin cells. Eur J Neurosci 15: 1485-92,

48. Datta, U., Noailles, P.A., Rodriguez, M., Kraft, M., Zhang, Y., Angulo, J.A. (1996) Accumulation of
tyrosine hydroxylase messenger RNA molecules in the rat mesencephalon by chronic caffeine
treatment. Neurosci Lett 220: 77-80.

49. Kachroo, A., Irizarry, M.C., Schwarzschild, M.A. (2010) Caffeine protects against combined
paraquat and maneb-induced dopaminergic neuron degeneration. Exp Neurol 223: 657-61.

50. Costa, M.S., Botton, P.H., Mioranzza, S., Ardais, A.P., Moreira, J.D., et al. (2008a) Caffeine
improves adult mice performance in the object recognition task and increases BDNF and TrkB
independent on phospho-CREB immunocontent in the hippocampus. Neurochem Int 53: 89-94.

51. Costa, M.S., Botton, P.H., Mioranzza, S., Souza, D.O., Porciuncula, L.O. (2008b) Caffeine prevents
age-associated recognition memory decline and changes brain-derived neurotrophic factor and
tyrosine kinase receptor (TrkB) content in mice. Neuroscience 153: 1071-8.

52. Sallaberry, C., Nunes, F., Costa, M.S., Fioreze, G.T., Ardais, A.P., et al. (2013) Chronic caffeine
prevents changes in inhibitory avoidance memory and hippocampal BDNF immunocontent in
middle-aged rats. Neuropharmacology 64: 153-9.

53. Bairam, A., Kinkead, R., Lajeunesse, Y., Joseph, V. (2010) Neonatal caffeine treatment does not
induce long-term consequences on TrkB receptors or BDNF expression in chemosensory organs of
adult rats. Neurosci Lett 468: 292-6.

54. Alzoubi KH, Srivareerat M, Aleisa Am, Alkadhi KA. (2013) chronic caffeine treatment prevents
stress-induced LTP impairment: the critical role of Phosphorylated CaMKIl and BDNF. J Mol
Neurosci 49: 11-20.

55. Moy, G.A., McNay, E.C. (2013) Caffeine prevents weight gain and cognitive impairment caused by
a high-fat diet while elevating hippocampal BDNF. Physiol Behav 109: 69-74.

56. Krishnakumar, R., Kraus, W.L. (2010) The PARP side of the nucleus: molecular actions,
physiological outcomes, and clinical targets. Mol Cell 39: 8-24.

57. Geraets, L., Moonen, H.J., Wouters, E.F., Bast, A., Hageman, G.J. (2006) Caffeine metabolites are
inhibitors of the nuclear enzyme poly(ADP-ribose)polymerase-1 at  physiological
concentrations.Biochem. Pharmacol 72: 902-10.

58. Cleaver, J.E., Banda, M.J., Troll, W., Borek, C. (1986) Some protease inhibitors are also inhibitors
of poly(ADP-ribose) polymerase. Carcinogenesis 7: 323-5.

AIMS Public Health Volume 3, Issue 2, 407-422.



421

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Gu, J.W., Brady, A.L., Anand, V., Moore, M.C., Kelly, W.C., Adair, T.H. (1999) Adenosine
upregulates VEGF expression in cultured myocardial vascular smooth muscle cells. Am J Physiol
277: H595-H602.

Merighi, S., Benini, A., Mirandola, P., Gessi, S., Varani, K., et al. (2006) Adenosine modulates
vascular endothelial growth factor expression via hypoxia-inducible factor-1 in human glioblastoma
cells. Biochem Pharmacol 72: 19-31.

Grant, M.B., Tarnuzzer, R.W., Caballero, S., Ozeck, M.J., Davis, M.1., et al. (1999) Adenosine
receptor activation induces vascular endothelial growth factor in human retinal endothelial cells.
Circ Res 85: 699-706.

Merighi, S., Benini, A., Mirandola, P., Gessi, S., Varani, K., et al. (2007) Caffeine inhibits adenosine-
induced accumulation of hypoxiainducible factor-lalpha, vascular endothelial growth factor, and
interleukin-8 expression in hypoxic human colon cancer cells. Mol Pharmacol 72: 395-406.
Mukhopadhyay, D., Akbarali, H. I. (1996) Depletion of (Ca®") inhibits hypoxia-induced vascular
permeability factor (vascular endothelial growth factor) gene expression. Biochem Biophys Res
Commun 229: 733-8.

Jafari, M., Rabbani, A. (2004) Studies on the mechanism of caffeine action in alveolar
macrophages: caffeine elevates cyclic adenosine monophosphate level and prostaglandin synthesis.
Metabolism 53: 687-92.

Fiebich, B.L., Lieb, K., Hull, M., Aicher, B., van Ryn, J., et al. (2000) Effects of caffeine and
paracetamol alone or in combination withacetylsalicylic acid on prostaglandin E2 synthesis in rat
microglial cells. Neuropharmacology 39: 2205-13.

Seevaratnam, R., Raha, S., Tarnopolsky, M.A., et al. (2009) Coffee increases antioxidant
enzyme capacity in the brain of male G93A mice, an animal model of amyotrophic lateral
sclerosis (ALS) (abstract). Exp Biol 23: 109.6.

Zeidan-Chulia F, Gelain DP, Kolling EA, Rybarczyk-Filho JL, Ambrosi P, et al. (2013) Major
components of energy drinks (caffeine, taurine, and guarana) exert cytotoxic effects on human
neuronal SH-SY5Y cells by decreasing reactive oxygen species production. Oxid Med Cell Longev
2013(6): 61-2.

Rathod, M.A,, Patel, D., Das, A., Tipparaju, S.R., Shinde, S.S., Anderson, R.F. (2013) Inhibition of
radical-induced DNA strand breaks by water-soluble constituents of coffee: phenolics and caffeine
metabolites. Free Radic Res 47: 480-7.

Silverberg, J.1., Patel, M., Brody, N., Jagdeo, J. (2012) Caffeine protects human skin fibroblasts from
acute reactive oxygen species-induced necrosis. J Drugs Dermatol 11: 1342-6.

Mercer, J.R., Gray, K., Figg, N., Kumar, S., Bennett, M.R. (2012) The methyl xanthine caffeine
inhibits DNA damage signaling and reactive species and reduces atherosclerosis in ApoE-/- mice.
Arterioscler Thromb Vasc Biol 32: 2461-7.

AIMS Public Health Volume 3, Issue 2, 407-422.



422

71.

72,
73.

74,

75.

76.

~ivms AIMS Press

Kim, J., Lee, S., Shim, J., Kim, HW., Kim, J., et al. (2012) Caffeinated coffee, decaffeinated coffee,
and the phenolic phytochemical chlorogenic acid up-regulate NQO1 expression and prevent H,O,-
induced apoptosis in primary cortical neurons. Neurochem Int 60: 466-74.

Shukitt-Hale B, Miller MG, Chu YF, Lyle BJ, Joseph JA. (2013) Coffee, but not caffeine, has
positive effects on cognition and psychomotor behavior in aging. Age 35(6): 2183-92.

Nawrot, P., Jordan, S., Eastwood, J., Rotstein, J., Hugenholtz, A., Feeley, M. (2003) Effects of
caffeine on human health. Food Addit Contam 20: 1-30.

Mesas, A.E., Leon-Munoz, L.M., Rodriguez-Artalejo, F., Lopez-Garcia, E. (2011) The effect of
coffee on blood pressure and cardiovascular disease in hypertensive individuals: a systematic review
and meta-analysis. Am J Clin Nutr 94: 1113-26.

Brent, R.L., Christian, M.S., Diener, R.M. (2011) Evaluation of the reproductive and developmental
risks of caffeine. Birth Defects Res B Dev Reprod Toxicol 92: 152-87.

Peck, J.D., Leviton, A., Cowan, L.D. (2010) A review of the epidemiologic evidence concerning
the reproductive health effects of caffeine consumption: a 2000-2009 update. Food Chem Toxicol
48: 2549-76.

© 2016 Yenisetti SC and Muralidhara, licensee AIMS Press. This is
an open access article distributed under the terms of the Creative
Commons Attribution License.

(http://creativecommons.org/licenses/by/4.0)

AIMS Public Health Volume 3, Issue 2, 407-422.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Shukitt-Hale%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23344884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=23344884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=23344884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23344884
https://www.ncbi.nlm.nih.gov/pubmed/23344884

	Teraoka, M., Nakaso, K., Kusumoto, C., Katano, S., Tajima, N., et al. (2012) Cytoprotective effect of chlorogenic acid against α-synuclein Related toxicity in catecholaminergic PC12 cells. J Clin Biochem Nutr 51(2): 122-7.
	Zhu, Y., Zhang J., Zeng Y. (2012) Overview of Tyrosine Hydroxylase in Parkinson’s disease. CNS Neurol Disord Drug Targets 11: 350-8.

