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Effect of taurine and caffeine on plasma c-reactive
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Abstract

Background: Cafteine is a component of scveral
beverages such as coffee and tea. It has been shown
to posscss psychoactive propertics because it
increases alertness, encrgy and ability to concentrate
at modcratc doscs. Taurine on the other hand, is an
amino acid which has the capacity to promote neural
development, osmorcgulation and ncuroprotection.
There is paucity of information on the effect of the
combined administration of taurine and caffeine on
C-reactive protein (CRP) — a marker of inflammation
and plasma calcium level in rats.
Aim: The present study was designed to investigate
the cffects of combined taurine and caffeine on the
plasma level of CRP, Ca*' as well as the cffect of
nifedipine on calcium level.

Method: Fifty four rats weighing 120-140 g were
uscd ftor these studies. The animals were divided into
nine groups consisting of six animals cach. Group |
was trcated with 10 ml/kg of normal saline, Groups
2 and 3 were given 100 mg/kg and 200 mg/kg of
taurine respectively, groups 4 and S received 7.5 mg/
kg and 15 mg/kg of caffeine respectively while group
6 was administered taurine (200 mg/kg) and cafleine
(15 mg/kg), groups 7 and 8 were treated with taurine
(200 mg/kg) plus nifedipine (10 mg/kg) and taurine
(200 mg/kg) plus furoscmide (20 mg/kg) respectively
while grup 9 was given taurine plu caffeine plus
nifdipine plus furosemide. Treatment was donc once
daily for 21 days and blood was finally collected via
cardiac puncture for the assay of CRP and calcium
whilc the animals were under anacsthesia.
Results: The results showed that CRP was
significantly decrcased in five of the treated groups
compared with the control with the exception of the
group trecated with taurine alone (Group 2), and that
trecated with combined taurine and caffeine (Group
6). The Ca*' level of groups treated with caflcine
(11.70 + 0.29 mg/dL) and taurine with caffeine (11.64
+0.15 mg/dL) were significantly (p<0.05) incrcased
compared with the control (10.70 = 0.29 mg/dL).
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However, treatment with taurine and nifedipine
(Group 7) led 10 significant (p<0.05) reduction in
plasma Ca?' level.

Conclusion: The results have shown that combined
-afTeine and taurine can boost plasma calcium level
and decreasc plasma CRP level. Morcover, taurine
combined with nifedipine but not furosemide can
act synergistically to lower both plasma Ca®' and
CRP levels, a result which may have implication for
the treatment of hypertension.

Keywords: CRP, Caffeine, Calcium blocker,
Taurine, Inflammation marker

Résumé

Contexte: La caféine est un composant de plusicurs
boissons telles que le café ct le thé. Elle a été montrée
pour posséder des propriétés psycho-actives, car clle
augmente la vigilance, I'éncrgic ct la capacité de sc
concentrer a doses modérées. Le taurine d’autre part
est un acide aminé qui a la capacité de promouvoir
lc développement neuronal, la régulation de I'osmose
ct la protection du ncuronc. Il ya manque
d’information sur I'cffet de I’administration
combinée de la taurine et de la caf¢ine sur la protéine
C-réactive (PCR) - un marqueur d’inflammation ct
du niveau de calcium dans le plasma dans les rats.
Objectif: La présente ¢tude a ¢té congue pour ¢tudier
les effets combinées de la taurine et de la caféine
sur lc niveau de PCR, Ca2 + ainsi que I'cffet de la
nifédipine sur le niveau de calcium du plasma.
Méthode: Quarantc-huit rats pesant 120-140 g ont
¢t¢ utilisés pour ces ¢tudes. Les animaux ont été
divisés cn huit groupes de six animaux. Le groupe 1
a ¢1¢ traitée avee 10 ml / kg de solution saline
normalc, les groupes 2 ct 3 ont regu 100 mg / kg ct
200 mg / kg dc taurine respectivement, Ies groupes
4ctSarceu7,5mg/ kget 1S mg/ kg de caltine
respectivement, tandis que lc groupe 6 a ¢té
administré la taurine (200 mg / kg) ct la caféine (15
mg / kg), les groupes 7 ct 8 ont été traités avee la
taurine (200 mg / kg) plus la nifédipine (10 mg / kg),
ct la taurinc (200 mg / kg) plus lc furosémide (20
mg / kg), respectivement. Le traitement a ¢té cffectuc
unc fois par jour pendant 21 jours ct le sang a ¢été
recucilli enfin par ponction cardiaque pour le dosage
de PCR ct de calcium, tandis que les animaux étaient
sous ancsthésic.
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Résultats: Les résultats ont montré que Ia PC_R 'c!".“_
significativement diminuée dans cing des groupes l:l"‘(l?
par rapport au témoin, a I"exception du 8'011190 l 1"
sculement avee de la taurine (groupe 2) i
avee la taurine et la caféine combin® (groupe f’);,‘.LC
Niveau de Ca2+ des groupes traitcs avee ia, enleing
(11,70 + 0,29 mg / dL) ct taurinc avee caféine (11,64 +
0,15 mg / dL) ¢taient significativement (p <0,05)
augmentés par rapport au groupc¢ témoin (10,70 £ 0,29
mg/dL). ; S
Cependant, lc traitement avee la taurine ¢t la nifédipine
(Group7) a conduit & unc réduction significative (p
<0,05) dans lc niveau Ca2+ du plasma.

Conclusion: Les résultats ont montré que la caféine ct
la taurine combinée peut augmenter le niveau de
calcium dans lc plasma ct de diminuer le niveau de
PCR plasmatique. En outre, la taurine combinée avee
la nifédipine, mais pas avece le furosémide peut agir de
manicre syncrgique pour diminuer, cn méme temps,
les niveaux de Ca2+ et de PCR plasmatique, un résultat
qui peut avoir d’incidence sur lc traitement de
I’hypertension.

Mots-clés: PCR, Caféine, calcigues, taurine, marqueur
d’inflammation

Introduction

Caffeinated foods and beverages arc widcely
consumed to mecet cnergy nceds and for varicty of
medical purposcs [1]. Caffeine, onc of the most
consumed psychoactive substances in the world is
belicved to have gained this popularity globally
because of its documented ability to enhance
wakefulness, mood and cognition [1-3]. As a
psychoactive substance, the cflects of caflcine arc
known to be dosc dependent [3,4]. At low doscs for
instance, mild cuphoria, alertness, and enhanced
cognitive performance have all been identified with
caffcine [3]. At high doses however, it produccs
nausca, anxicty, trembling, and jitteriness [4]. The
cffects scen in cither of the above doses are
connccted with the ability of caffeine to incrcasc
dopaminc action by blockade of A2A receptors.
Conscquently, locomotor activitics arc increcascd duc
to reduction in adenosine’s inhibition of striatal
dopamincrgic activity [5]. While a previous study
claimed that cven at an extremely high level of
intake, caffcine has no detectable effect on the
balance or tissue concentrations of calcium, fluoride
or phosphorus in rats| 6], another study reported that
caflcine increases calcium absorption and excretion
and raises parathyroid hormone (iPTH) levels| 7).
Related reports also documented caflcine to cause
increase loss of calcium, magnesium and zine 8-
10]. In another study, it was observed that cafleine
had no significant effect on CRP in human placed
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on clozapine medication [11] but in culture medium it
can potentiate synthesis and sceretion of CRP as well
as increased accumulation of CRP mRNA [12].

This carlicr work showed that caffeine acts at
a pretranslational level and does not simply facilitate
relcase of newly synthesized CRP from intracellular
storage pools or decrease intracellular CRP degradation.

Unlike caffeine, taurinc is a naturally
occurring amino acid with a similar structure to the
ncurotransmitters glycine and gamma amino butyric
acid [ 13]. Despite this structural similarity, the cffects
of taurine cannot be mimicked by cither glycine or
GABA [14-16]. Apart from glutamine, taurine is the
most abundant frec amino acid in the brain [17].
Therefore, therc arc obvious expressions of taurine
transporters in various ncurons and astroglial cells
[18]. Studics indicate that taurine plays a major role
in ncural development, osmorcgulation and ncural
protection. Also, it was reported that taurine might
have protective effects in the retinal neurons against
glutamate toxicity in certain discasc [13]. Taurine
dcficiency is linked with cpilepsy, anxicty,
depression and hypceractivity, while taurine
supplementation has been shown to relieve these
symptoms [19]. Taurinc is also belicved to help the
cardiovascular system through a varicty of
mechanisms including an improved lipid profile,
modulation of (Ca?")i, antioxidant cffects and
antagonism of angiotensin Il action [20]. Several
studics had implicated taurine in the maintenance of
homcostasis of intraccllular Ca*' concentrations
(Ca*")i and intracellular Na*, and in the balance of
neurotransmitters [21-23]. Furthermore, literature
shows that taurine is able to increcasc adiponectin
levels, and to decreasce high-sensitivity CRP and lipid
peroxidation in obese women [24].

Calcium (Ca*') is also a naturally occurring
clement that acts as sccond messenger in the
regulation of various cellular processes [25]. Ca*
signaling mechanisms had been proved to be
necessary for fertilization, cell diffcrentiation and
proliferation [26]. The importance of Ca®' has also
been established in intercellular signaling,
transcription factor activation and in various death
programme including necrosis and apoptosis [27].
Calcium enters the eytoplasm by an influx via
plasmalemmal voltage-operated and via reeeptor-
operated Ca?' channels that can be shut by blockers
thus prevent any possible influx into the cytoplasm.
Voltage Gated Caleium Channels Blocker (VGCO)
can be a non-specific blocker or a selective calcium
channel blocker. The non-specific VGCC blockers
such as cadmium can block L, N, P, Q. R, and T-type
calcium channels while a sclective caleium blocker
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can only block a particular VGCC [28-30]. Both
niledipine and furosemide selectively block L-type
calcium channels |31,32].

C-reactive (CRP) protein is an established
typical marker of inflammation that acts as an
indicator for various pathological processes and
tissue damage in both humans and animals [33].
Plasma CRP concentrations may risc within 24 — 48h
in an acute inflammation and continucs to circulate
cqually in the vascular compartment [34].
Mcasurcment of plasma CRP is a good marker of
discasc activity and it is somectime targeted for
diagnosis and management of infectious discases and
other inflammatory conditions [34-36]. Rccently,
there is an increased investigations into the cffeets
of CRP becausc studics have implicated it as a marker

of inflammation in cardiovascular discascs cspecially
atherosclerosis [34, 37-39].

Because calcium participates dircctly or
indirectly in many physiological functions and CRP
is an cstablished maker for inflammation which in
turn is an underlying genesis for many discascs, we
believe that any substance that can balance body Ca?*
and CRP levels positively will be beneficial to
healthy living. Thus, the present study was designed
to cstablish possible beneficial or harmful cffects of
caffcine and taurine intake (scparatcly and
combined) on plasma Ca?'and CRP levels in normal
rats and rats pretreated with Ca?' blockers.

Materials and method

Animal preparation

The study was carried out using fifty four adult
Wistar rats weighing 120-140g. The rats werce
obtained from the breeder stock of Biological
Sciences, University of lorin, Nigeria. Nine groups
of six animals were formed and the animals were
housed in well ventilated standard cages. The animals
were kept throughout the study, in the animal housc
of the Faculty of Basic Mcdical Sciences, University
of Horin, Nigeria. They had free access to rat pellet
(feeds) and clean water. Rules guiding animal studics
as stipulated by the Ethical Committec of University
of lorin, Nigeria were strictly followed. These rulces
arc similar to international guidclines on animal
handling [40].

Drug preparation

The taurine and caffeine used for these studies were
produccd by Titan Biotech LTD (BHIWADI -301
019, Raj.) and Sigma-Aldrich Co. USA (NO. 63103)
respectively. Nifedipine and furoscmide were the
Ca?' blockers uscd for these investigations and were
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both produced by Jiangxi Xier Kangtai
Pharmaceuticals Co Ltd (Batch No: 120820) and
Tianjin Pharmaceutical Group Xinzheng Co Lid
(Batch No: 1211081) respectively. Each drug wag
dissolved separately in normal saline to form the
stock solution. Drugs were administered
inu'upcritoncully except nifedipine which was
administered orally. Animals in the control group
received normal saline intraperitoncally. Where
blockers were used, animals were given the blockers
thirty (30) minutes before the treatment with caffeine,
taurine or both. All trecatments were donc cvery
morning, once daily for a period of twenty-one (21)

days with an inter-treatment time interval of 24 £ 2
hours,

Animal grouping

Animals were grouped into ninc consisting of six
rats cach and treated as follows: Group 1, the Control
group was given 10 ml/kg of normal saline, Group 2
was treated with 100 mg/kg of taurine, Group 3 was
given 200 mg/kg taurine, Group 4 was given 7.5 mg/
kg of caffeine, Group 5 was treated with 15 mg/kg
caffeine, Group 6 took taurine (200 mg/kg) plus
caffeine (15 mg/kg), Group 7 took taurine (200 mg/
kg) plus nifedipine (10 mg/kg), Group 8 was
administered taurine (200 mg/kg) plus furosemide
(20 mg/kg), while Group 9 was administered taurine
(200 mg/kg) plus caffeine (15 mg/kg) plus nifedipine
(10 mg/kg) plus furosemide (20 mg/kg).

Measurements of CRP

Animals were given 50mg/kg of ketamine that was
produced by Rotexmedica, Trittau, Germany. Under
the influence of this anacsthetic agent,
thoracicoabdominal disscction was donc and blood
(2.5-3.5ml) was collected through cardiac puncture
from cach rat into a lithium heparinized sample
bottle. The blood was then centrifuged in a
centrifuging machine and plasma was extracted from
the sample for CRP assay. Analysis of CRP was
carried out immediately after collection of samples
using C-Reactive Protein (CRP) ELISA Kit produced
by the Cell Biolabs, INC. (USA). The detection limit
was Ing/mL

Measurement of calcium

Part of the plasma collected from the blood samples
was also used to assay calcium levels. The samples
were momentarily stored at -4°C till CRP
quantifications werce fully done. Calcium
concentration was determined by using calcium
Colorimetric Assay Kit produced by BioVision, INC.
(USA). The kit detection limit was 0.4-100 mg/dL.



232

Statistical analysis
Thc lc\lll(S WCIC dl].]ly/('d ug"]L On(—'\thy IL USA)
variance of SPSS 17 (SPSS Inc., Chicgo =2
Data are presented as means smndlld”‘:“‘.(' -
mean (SEM) for 6 rats per group. Statistic? y signilice
difference at p<0.05 was accepted:

Results )
Effect of taurine and caffeine on plasma calcium
level

The results (Table 1) showed that administration of

taurine alonc at the two doscs used did not produce
significant cffects on plasma calcium level. In contrast,
caffcine administration at the dosc of 15 mg/kg
increased the plasma calcium compared with the control
group. Furthermore, coadministration of taurine and
caffcine also led to significant (p<0.05) increasc in
plasma calcium compared with the control group.

Table 1: Effcct of taurine and caffeinc on plasma calcium
level in rats

Group Ca®" (mg/L)
Normal saline 10mI/Kg 10.60 + 0.37
Taurine 100mg/kg 10.34 +0.23
Taurine 200mg/kg 10.58 +0.34
Caftcine 7.5mg/kg 10.70 +£ 0.29
Caffeine 15mg/kg 11.44 + 0.33*

Taurine 200mg/kg +

Caffcine 1Smg/kg 11.64+ 0.15*

Each value is the mean £ S.E.M. of six rats; Ca’*
*» < 0.05 compared with control

Effect of taurine and caffeine on plasma CRP

The results of the effect of co-administration of
taurine and cafleine on plasma CRP arc shown in
table 2. The results showed that plasma CRP
concentration was significantly (p<0.05) decrcased
in the groups administered taurine (200 mg/kg),
caffeine (7.5 mg/kg) and caffeine (15 mg/kg).

Table 2. Effcct of taurine and cafleine on plasma C-
reactive protein in rats

Group CRP (mg/L)

Normal saline 10mI/Kg
Taurine 100mg/kg,
Taurine 200mg/kyg
Cafleine 7.5mg/kg
Callcine 15mg/kg
Taurine 200mg/kg +
Callcine 15mg/kg

0.72+ 0.01
0.58 +0.37
0.66+ 0.01*
0.58 + 0.04*
0.62+ 0.03*

0.46 +0.37

Lach value is the mean £ S M. of siv rats:
compared with control

CRIP *p < 0.05

analysis of
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Lffect of tawrine and caffeine on plasma calcium
level in calcium blocker pretreated rats

In the calcium blocker pretreated rats, the results
(Fig. 1) showed that furosemide did not produce
significant eflect on plasma calcium level compared
with the control. Also, co-administration of taurine
and caffeine in the pretreated nifedipine plus
furosemide rats did not produce significant cffect
on plasma calcium level. However, when taurine was
administered to nifedipine pretreated rats, there was
a significant (p<0.05) decrcase in plasma calcium
level compared with the control.

Effect of taurine and caffeine on plasma CRP level
in calcium blocker pretreated rats

The results (Fig.2) showed that CRP concentration
was significantly (p<0.05) decreased in the group
administered taurine plus nifedipine (200 mg/kg
+10mg/kg) and taurine plus cafleine plus nifedipine
plus furosemide compared with the control. There
was no significant difference in the group given
taurine (200 mg/kg) plus furosemide (20mg/kg).

Discussion

The recent surge in production of various caffeinated
and taurine added foods and beverages makes the
consumption of both substances almost inevitable.
Hence, it is important to ascertain whether these
caffcinated and taurine added foods and beverages
arc as safc as claimed by the manufacturers.

In the investigation into plasma calcium level
in the treated groups, it was obscrved that plasma
calcium level in the caffeine (15 mg/Kg) group and
the taurine (200 mg/kg) plus caffeine (15 mg/kg)
group were significantly increased when compared
with the control group (table 1). Based on’cach value,
plasma calcium level was found to be higher in
taurine (200 mg/kg) plus calleine (15mg/kg) group
than the caffeine (15 mg/Kg) group (Table 1) though
there was no significant difference in between treated
groups. Interestingly, this obscrved action of cafltine
is different from what was reported in some previous
studies where cafleine administration was repor lkd‘
to decrease the net balance of calcium as a result ol
increased calcium excretion [41-43]. However. it was
concluded in a review that there is no evidenee that
callcine has any harmful clTect on bone status oron
the calcium cconomy in individuals who ingested
daily recommended amounts of calcium [44]. The
possible mechanisms for this observed increase in
plasma calcium level in the caffeine (15 mg/Kg)
treated group is not known. The taurine (200 mg/
kg) plus calfeine (15 mg/kg) group on the other hand
can be
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said 1o show increased plasma calcium level partly
due 1o the effect of the co-administered taurine.
Taurine has been documented to be involved in the
maintenance of intracellular Ca?' homeostasis and
intracellular Na* as well as in the balance of
ncurotransmitters [21-23]. Observations from this
study showed taurine (200 mg/kg) plus nifedipine
(10 mg/kg) treated group had significant decreasce

in plasma calcium level compared with the control
group (Fig. 1). The result showed that taurine’s
potency to maintain intraccllular Ca*' homcostasis
is masked by the nifedipine blocking action on L-
type VGCC thus preventing inflow of calcium into
the intraccllular compartment. This is contrary to
what was observed in the other calcium blocker
group, the taurine (200 mg/kg) plus furosemide (20
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mg/kg) treated group where results ShO“‘/Cd "(;
significant difference compared with thc.u‘m'tlrf)
group at p<0.05 (Fig. 1). Sincc f.UTOSClTI'I(‘k: a s(:
blocks L-type Ca?' channel then it can be dssul].]cl(
that the mechanism of action of taurine on Ca* s
not via L-type Ca®' channcl.

In the investigation on plasma CRP level,
the results showed significant decrease in plasma
CRP level in all the treated groups when compared
with the control at p<0.05 except in taurine (100
mg/kg), taurine (200 mg/kg) plus caffeine (15 mg/
kg) (table 2) and taurinc (200 mg/kg) plus
furoscmide (20 mg/kg) group (Fig. 1) that showed
no significant difference compared with the
control. The observed significant decreasc in
plasma CRP level scen in both doscs of caffeine
used is contrary to previous reports that caffeine
neither has cffect on CRP [11] nor increascd its
synthesis and sccretion [12]. The significant
decreasc recorded in taurine (200 mg/kg) group
is however similar to a claim herein stated that
taurinc is able to decrcasc high-sensitivity CRP
and lipid pcroxidation [24]. Intcrestingly, co-
administration of taurine (200mg/kg) plus caffeinc
(15mg/kg) did not decrcasc CRP Igevel (Table 2).
This is surprising sincc both drugs were able to
significantly decrcase plasma CRP level when
administered scparately. One would expect that
the combined effects of the two drugs would lead
to significant decrcase in plasma CRP when
compared with the control but this was not so.
However, the cffect of both caffeine and taurine
was more obvious in thc group that was
administered taurine plus caffcine plus nifedipine
plus furosemide. This group showed a remarkably
low (p<0.05) plasma CRP (Fig. 2). Significant
decreasc in plasma CRP level was also recorded
in the taurine (200 mg/kg) plus nifedipine (10 mg/
kg) trcated group (Fig. 2).

In this study, we werc able to cstablish that
caffeinc at 15 mg/kg in rats is beneficial and hence
may be extrapolated in man. At this dosc, we
obscrved a significant incrcasc in plasma calcium
levels and significant decreasc in plasma CRP levels.
CRP is an internationally acceptable inflammatory
marker. Inflammation processes have been
implicated in many discases [45,46] such as
rheumatoid arthritis [47], ncural degencration [48],
cardiovascular discascs [49] among others.
Interestingly, level of CRP is used clinically to
measure the progress of CRP-associated discascs as
well as a measure of response to treatment. Thus,
substance that reduces level of CRP might be helpful
in the treatment of inflammation that underlics many
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inflammatory discascs. When added to drinks and
beverages at range of doses used in this study,
caffeine might help to prevent or reduce neural
degenceration such as in mesencephalic dopamincrgic
neurons. The susceptibility to neural degencration
of mesencephalic dopamincergic ncurons is associated
with the inflammatory markers studicd in plasma
(including TNF- a, IL-1b, IL-6 and CRP)[48]. On
the other hand, the fact that our low dosc of caffcine
significantly incrcased plasma Ca** showed that this
dosc can enhance ncural function. Ca?* homeostasis
in nerve cells is associated with many specific
activities such as ncuritc growth and development,
regulation of synaptic connections, neurotransmitter
rclcasc and propagation of nerve impulscs, as well
as physiological processes during cell metabolism,
differentiation and apoptosis [50-52].

Also of important notc is the observation in
the taurine (200mg/kg) plus nifedipine (10mg/kg)
group. At the dosages uscd, we cstablished that co-
administration of taurinc and nifedipine led to
significant decrease in both Ca?* and CRP. Pcople at
risk for developing cardiovascular discasc [49]
frequently have cvidence for a systemic
inflammatory response, usually marked by clevations
of C-rcactive protein (CRP) in their blood. Such
people and others diagnoscd to be hypertensive and
arc on nifedipine medication might benefit morc by
combining taurinc with their medication. This will
help in the management of the clevated blood
pressurc as well as decreasing various chances of
developing cardiovascular discases by decreasing
CRP level. This is because decrease in CRP level is
associated with a deccrecase in inflammatory
processes. The mechanism of action of nifedipinc in
hypertension and angina is partly through inhibition
of calcium influx into arterial smooth muscle cclls
hence decreasing both systolic and diastolic blood
pressurc [53]. However, it is important to note here
that combination of taurinc with other calcium
blockers may not always yicld the same desirable
result. Co-administration of taurine and furosemide
in this study produced no significant difference in
plasma level of calcium and CRP when compared
with the control group. ;

In conclusion, the usc of caffeine can boost
plasma Ca?' and reduce CRP while combining
taurinc with nifedipine can decrcase both plasma
calcium and CRP level. The former might be useful
for the trcatment of systemic inflammation,
hypocalcacmia and skeletal fragility while the later
might be uscful in enhancing the management of
hypertension.
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