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ABSTRACT

There has been anincrease inthe consumption of energy drinks in the last decade which raises a concern
regarding its safety. Glucose improves information processing and cognition. But research on only glucose
containing drink is lacking. In the present study, we evaluated the effect of Red Bull,a caffeine containing energy
drink and Glucon D on visual and auditory reaction time in medical students. A total of 30 students,15 boys and 15
girls, in the age group 18 to 22 yrs were recruited for the study after taking approval fromthe Institutional Ethical
Committee. At the beginning, a baseline record of pulse, blood pressure, ART and VRT were taken for all students.
The students were given Red Bull and readings were taken after 30 minutes. After an interval of five days the same
procedure was repeated with Glucon D. All readings were taken between 10-12 a.m. On comparing the effect of Red
Bull on either sex, there was no significant difference. On comparing the effect of the two energy drinks, the p value
between the effect of Red Bull and Glucon D on ART was 0.457 and on VRT was 0.314.Both were not statistically
significant. There was a significant increase in pulse rate with Red Bull (P=0.036). The mean DBP increased
marginally with Red Bull which was not significant (P=0.496).
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INTRODUCTION

The development of energy drinks began in 1984 ustda with popular brand Red Bull. Red Bull claitts
enhance concentration, energy levels and reactioe thile limiting fatigue[1]. It has psychomototirsulant
properties hence consumed by most college agedrgtitb improve their memory and concentration.

There is a 30% increase in its consumption sind@ 2T0he chronic consumption of energy drinks rais@scerns
about their safety and health risks. Several stuti@ve shown changes in heart rate and blood pesssibe
associated with consumption of energy drinks[2]eiTtcaloric content leads to the overwhelming peatlof
obesity and related diseases.

Red Bull is the most popular new age energy drihictvis increasing in popularity among teens anghgoadults,
in order to enhance mental performance. The ternergy drink” refers to beverages that contain ¢aéfen

combination with other ingredients like taurineagana and B vitamins which provide extra mental phgsical

energy[3]. Red bull energy drink contains 80 mdgeaiak, 1gm taurine, glucoronolactone[600mg], B witas,110
calories, 28gms carbohydrates and 27gms of sughglacose. Taurine is found in high concentratiorskeletal
muscles and plays an important role in modulatimgtr@actile function. It increases force of genenatby enhancing
sarcoplasmic reticulum’ s calcium accumulation agldase. Glucuronolactone is found naturally intbdy as a
substance produced by glucose metabolism in tlee. llvvis a popular ingredient of energy drink asdhought to
fight fatigue and provide a sense of well being.[4]
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Caffeine users report feelings of increased alsgrand enhanced concentration since caffeine deseaaction
time and enhances attentional processing[5].

The reaction time is the time taken to react toxpeeted challenges. It involves reception of stirbylsense organ,
conduction of information through nerve to brairddom brain to muscle contraction and movemenusTh is

considered as an index of speed of processing @amdainconcentration[6]. Since reaction time invelwepeed and
accuracy, it has provided a way to evaluate comynasked psychological tests for attention, concéiotmaand

cognitive skills with well proven diagnostic andegictive validity[7].Reaction time depends on agex, fatigue,
fasting state, sleep and stress.

In order to improve reaction time and concentratibiis estimated that 900,000,000 gallons of epehgnks are
consumed throughout the world every day. The aadfeiontent of a single serving of energy drink [&id2 floz]
ranges from 72 to 150 mg. However many bottlesanr-3 servings, raising the caffeine contentdchiagh as
294mg/bottle.[3]

Consumption of caffeine in amounts greater than #@0is associated with nervousness, irritabilitgeplessness,
increased urination and abnormal heart rhythmsrdgndrinks also contain other ingredients like guer and
ginseng to enhance the effects of caffeine.1gnuafana is nearly equal to 40mg of caffeine andem®es the total
caffeine in an energy drink.

In recent years the marketing of these energy drinis increased drastically due to their easy ahikily.
Adolescents and young adults are the most vulnegdolup who fall prey to these energy drinks egblgdihose in
a transitional stage of physical and psychologitetelopment. Dependence on energy drinks could fatential
risk of substance abuse later in life[8]. The bdéyelops a tolerance to the positive effect of éhexsergy drinks
and not to the negative effects. A number of sttliave shown the high consumption rate of theseygrrinks
among college students and also medical studefit&][9This shows the lack of awareness among oel&gdents
and adolescence about the importance of goodioatdnd the high caloric and caffeine content afrgg drinks.

These energy drinks are normally taken 30 minugdsrb the start of a task because this is the tegaired for the
ingredients to be effective. Energy drinks and latd@re sometimes consumed together which can toendatal.

Glucose present in the energy drink improves indrom processing. But research showing effect ¢f ghucose
on reaction time is lacking. This study compares difference of effect between caffeine contairémgrgy drink
which contains caffeine, taurine, glucose to alddantaining only glucose on auditory and visuacteon time in
medical students.

MATERIALSAND METHODS

In this study 30 Students, 15 males and 15 fenmalté® age group 18 to 22 yrs were recruited aéting approval
from the Institutional Ethics committee. Properimhed consent was taken at the start of the siliay.study was
conducted in the Department of Physiology, MGM MeadliCollege, Navi Mumbai between March 2013 and
December 2013.

Data was recorded with a 1000Hz Reaction timexvéeh 10 am and 12 pm, in order to avoid factors fdsting,
fatigue which interfere with the recording of reanttime. Eliminating factors like exam stress va#s ensured.

Following criteria were considered:

Inclusion criteria:

a. Students with normal sleep patterns.

b. Students who take breakfast everyday.

c. Students without significant medical history.

Exclusion criteria:

a. Students who consume alcohol and smoke.

b. Physically handicapped candidates.

c. Students with history of allergy to caffeinetaurine.

d. Students with family history of Diabetes, Hygedion and IHD.
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e. Habitual coffee drinkers.

A 250 ml can of energy drink, Red Bull, was adntigmied to consenting students after taking a baseéiading of
BP, pulse, auditory and visual reaction time. Halfhour later all the parameters were recordechagai

After a gap of five days, the same students werergi250 ml of Glucon D containing 27 gms glucd3®, pulse,
auditory and visual reaction time were recordedieefind half an hour after drinking Glucon D.

While measuring the audio-visual reaction time, $lubject and the examiner were seated on either cfiche
machine, facing, but not able to see each othes.stért button was operated by the examiner. Theepiure was
explained to the subjects before recording the.data

For auditory reaction time, as soon as the exanpnessed the start button, there was a beep, heatiich, the
subject had to instantly press the stop button firhe interval between the beep and pressing gf btdgton was
taken as the subject’s auditory reaction time. sarage of three readings were taken. For visuatigatime, the
examiner pressed the start button which flasheightd bn the subject’'s side .On seeing it, instanthe subject
pressed the stop button. The time interval betwiesting of light and pressing of stop button waken as the
subject’s visual reaction time. An average of thhesdings were taken.

A comparison between the auditory and visual reactime after consuming Red Bull and Glucon D wasd
using paired ‘t ‘ test. Also a comparison betwdwsn éffect of the drinks on either sexes was doimgumpaired ‘t’
test. The results were analysed using Statistiaek&ye for Social Sciences(SPSS) 17.0.

RESULTS

Tablel shows the baseline values of pulse, blood presgirR@&, and VRT before and after administration of dRe
Bull and Glucon D.

Tablel
RED BULL
Pretest Post-test
Gende | N Mear SD Mear SD Pvalue
Pulse Male 15 | 71.42¢ | 8.07¢ [ 71.92¢ 8.52¢ .33
Female | 15 66.867| 5.308 75.267 9.625
DBP Male 15 68.286 | 9.343 64.857 10.007 .006
Female 15 73.867 6.346 74.0p0 6.141
SBp Male 15| 122.143| 12.311819.143 14.201 .135
Female | 15| 108.000 8.384 112.133 10.099
ART Male 15 89.500 | 39.62845.524 15.406 514
Female | 15 50.332| 15.0630.311 22.642
VRT Male 15 96.119 | 36.17067.239 17.856 437
Female | 15 | 54.37¢ |16.52.(51.24« 22.56:
Glucon D
Pretest | Post-test
Gende [N | Mear SD | Mear | SD |Pvalue
Pulse Male |15| 75.33: | 8.457 [75.80(] 11.90(| .017
Female[15| 85.733 | 13.01485.600 9.140
DBP Male |15 68.533 | 7.463[ 67.3338.608| .662
Female[15| 68.667 | 8.641| 68.6(477.916
SBP Male |15 122.933(14.180[124.93]14.420| .006
Female[15| 113.467| 13.866|110.261 12.395
ART Male |15 78.090 | 22.09754.288 15.821| .324
Female[15| 60.510 | 13.92748.554 15.456
VRT Male |15 83.088 | 23.00$59.288 16.757| .886
Female [15] 75.97¢ | 15.31¢|58.46%| 14.15:

SD- Standard Deviation, SBP-Systolic Blood Pressure, DBP-Diastolic Blood Pressure. N=no of students, ART=Auditory reaction time,
VRT=Visual reaction time; Level of significance at P<0.05
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RED BULL-In males, the mean ART decreased (89.500 to 45.524 ms}hednean VRT decreased ( 96.119 to
57.239 ms). Also, the mean DBP decreased from 68t884.857mmHg and the mean SBP from 122.143 to
119.143mmHg.Idemales, the mean ART decreased (50.332 to 50.311 ms) thedmean VRT decreased (
54.378 to 51.244 ms). There was an increase in rpakle rate from 66.867 t075.267. The mean DBP $BH
increased (73.867 t074.00 mmHg) and (108.000 ®&1BB mmHg) respectively. On comparing the effddRed

Bull between males and females, there was no gignif difference between the ART (p=0.514) and VRT
(p=0.437).

GLUCON D- In males, the mean ART decreased (78.090 to 54.288 ms}tendthean VRT decreased (83.088 to
59.288 ms). The mean DBP decreased marginallp838to 67.333mmHg) and the mean SBP increased322.9
to 124.933mmHg). Ifemalesthe mean ART decreased ( 60.510 to 48.554 ms)tlmdnean VRT decreased

(75.979 to 58.467 ms).

Table2 shows the group statistics of Glucon D and Red Bul

Table2 Group Statistics (Glucon D) and Red Bull

GluconD Red Bull
Group N Mean SD| Pvalle Megn SD P value
Pulse Pre-tes | 30 | 80.53¢ [12.01] 957 69.06¢[ 7.05( .036
Pos-tes | 30 | 80.70C 11.554 ° 73.655 9.10¢
DBP Pre-test| 30| 68.600 7.9 3774 71.172| 8.290 496
Post-test| 30| 68.000 8.1%4 69.586( 9.326
SBP Pre-test| 30| 118.200 14.59776 114.82] 12.542| .835
Post-test| 30| 117.60D 15.]7? 115.511 12.543
ART Pre-test| 30| 69.30Q 20'23;00 69.241f 35.204| .006
Post-test| 30| 51.421 15.64 48.0001 19.299
VRT Pre-test| 30| 79.533 19.54D00 |74.529 34.561 .008
Pos-tes | 30 | 58.87¢ [15.244 54.13¢| 20.29¢
Figurel
5
60 - 54.2
50 A
40 A
H Male
30 A
M Female
20 A
10 -+
0 T 1
ART VRT
ART P=0.457
VRT P=0.314

Glucon D-There was no significant change in mean pulse, &BPDBP before and after administering Glucon D
drink. There was a significant decrease in mean AR 69.3 to 51.4 ms (P=0.000) and mean VRT fréhd to
58.88 ms (P=0.000) after taking Glucon D.

Red Bull-There was a significant increase in mean pulse fietm 69.069 t073.66 per min (P=0.036) but no

significant change in mean SBP(P=0.835) and DBP#®3€) after giving Red Bull. There was a significan
reduction in mean ART from 69.24 to 48ms (P=0.0&1&) mean VRT from 74.53 to 54.14ms (P=0.008).
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Figure 1 shows the comparison of the effectsRefl Bull andGlucon D on ART and VRT. The P value of ART
between either drinks was 0.457 and the P valldRaf between either drinks was 0.314.Both were stiatilly not
significant.

DISCUSSION

In the present study, the decrease in the ART aRdl W males and females after consumption of Relll \Bas
similar to the findings that energy drinks reduatdgue and improve reaction time[12].Red Bull his® ahown to
improve driving performance, mood, short term megmand concentration. The decrease was more in naales
compared to females but not statistically signific& he difference in the reaction time betweenemand females
is consistent with other studies.

In a study , the simple and choice reaction timédgs was found to be less than that in girls[E8humber of
studies have supported this finding [14,15]. Malegserally have a shorter reaction time as compirddmales.
This could be explained by the varying levels of seeroids during different phases of the mensteyale. But a
study by Shenvi and Balasubramaniam had contragti¢todings and showed that the ART and VRT was lies
males than in females[16].

The effect of Red Bull on reaction time is duehe presence of caffeine. Caffeine is known to improognitive
function by blocking neurotransmitters. Adenosiadhie main neurotransmitter affected by caffeinee popular
hypothesis on the interaction between caffeine adehosine is that adenosine binds to adenosinptoesavhich
allows the excitatory neurotransmitters dopamind glutamate to increase activity of the CNS andckily

inhibition from adenosine[17]. The molecular medkanis by increasing cAMP concentration. Studiegehshown
that caffeine has an inotrophic effect on the bpéyproves endurance and increases epinephrinempléactate,
cortisol and Beta endorphins[2].

Taurine is naturally produced in the body. Itésifid in bile, urine,fluid of muscle ,lungs and reetissue. It also
works in electrically active tissues such as therband heart to stabilize cell membranes[18]. ifieuis known to
increase force generation by increasing Ca accumnland release.

Endogenous taurine levels are crucial to maintaisate contraction. However, there is no definistaedy showing
the increase in taurine level following absorptand intracellular taurine level is critically regted. Studies in rat
brain indicate that Na Cl dependent taurine trartep® exist in the blood brain barrier which areim dependent
on the degree of cell damage, osmolarity. Therefoneler normal circumstances, taurine levels withiain are
maintained at stable level. An increase in dietatyine plasma level is unlikely to cause suddefiux
of taurine into the brain. Hence, while caffeinen agadily diffuse across blood brain barrier, taaréntry is a
stringently controlled process[19]. Glucoronolagds a normal human metabolite formed from glucdsés a
precursor to taurine and is physiologically inaetivit is converted to taurine through a chemicabcpss.
When glucoronolactone is administered to humais riapidly absorbed, metabolized and excreted wsagk acid
, Xylitol and L-xylulose. Rodents can synthesizwiin C from glucoronic acid but primates includimgn do not
possess this metabolic pathway[20].

A number of studies also prove that the effect ®#TAand VRT is due to the result of the reversalthed
caffeine withdrawal in habitual coffee drinkers[2Blt in the present study, this theory doesn’ti@xpthe decrease
in reaction time as we had excluded habitual cotféekers. Tolerance to caffeine develops easilyieW this
occurs, one is tempted to consume more of theggsdruorder to enjoy the positive effects[22].Radl|Bontains
the same amount of caffeine as a cup of coffee(@but coffee is ingested over a long period thad Bell.
Drinking Red Bull brings large doses of caffeine @nshort time thereby sharply increasing plasmdeiref
concentration along with the pscychomotor effedh@afing consumed an energy drink.

Students should be counseled regarding the congamgftenergy drinks like Red Bull and Monster igyedrinks
which contain a high amount of caffeine and haver putritive value.This increased caffeine consuampserves
as a gateway for drug abuse later in life.In thespnt study, the increase in BP after consumptidred Bull was
more in females than in males.
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Caffeine increases heart rate and blood presstoagh the release of epinephrine. Energy drinkegaly contain
more than the recommended amount of potentiallyjnhdrchemicals. The Food and Drug Administratio &)

regulates the amount of caffeine in sodas and athfeinated drinks but not in energy drinks. Ewyetlginks are
often combined with alcohol. They improve only respe execution and not response inhibition. Thidaxs the
hazards of combining an energy drink with alcoheltlae energy drinks counteract the sedation agsdcigith
drinking. They contain a high amount of caffeiné &ave poor nutritive value.

In this study the ART and VRT reduced after constiompof glucose. The increase in blood level ofcglse is
generally observed 30 minutes after ingestion. @acis known to stimulate the release of insulwmfrthe
pancreas. Elevated blood glucose levels and corttammpf food is also associated with increase in
Acetyl CoA which is a precursor of acetylcholineeedylcholine is known to stimulate the central mery system as
well peripheral nervous system thus affecting thaction time. Glucose is also known to improve dibgn
function and memory through increase in acetyleteolevels[17].A study by Owen and Sunram —Lea, stbthat
even 25gms of glucose is sufficient to improve vimgkmemory[23]. This shows that even the 26.75gfrglucose
present in a 250ml can of Red Bull is sufficient dcause an improvement in cognition and reactioretim
However, Glucon D does not produce an increaséidpressure.

On comparing the effects of Red Bull with Glucontbe effect on VRT was same with both drinks. Tfieat on
ART was more with Red Bull than Glucon D but naingficant. This could be because of the combinddcefof
caffeine and glucose in Red Bull.

In a study by Scholey and Kennedy, the combineeceffof caffeine and glucose had a greater effeaeaction
time than either constituent alone[24].In this stu@lucon-D did not cause a significant increasputse and blood
pressure .Thus energy drinks with only glucose heveedge over Red Bull as it is free from the éffean the
cardiovascular and nervous system.

One has to outweigh the benefits and hazards afurnimg an energy drink before consuming it in héghounts
which raises concerns about its safety. Energykdrialso contain taurine and glucuronolactone which not

directly affect reaction time but may alter it inngbination. Therefore consuming these ingrediemtsxicess also
raises concern regarding their toxicity. An ideaémgy drink should have the lowest amount of caffeand sugar
while still accomplishing the needed results withaddiction. Further research needs to be donevatuate the
effects of the individual components of energy Ksitike taurine and glucuronolactone. Well desigrestiomized
placebo controlled studies are needed to assebetiadits of an energy drink.

REFERENCES

[1] Alford C,Cox H,Wescott R. The effects of Red Buhdfgy drink on Human Performance and mood. Amino
acids 2001;21(2): 139-150.

[2] Bichler A, Swenson A ,Harris MA. A combination oéffeine and taurine has no effect on short term argm
but induces changes in heart rate and mean ardoi@d pressure. Amino Acids 2006; 31(4): 471-476.

[3] Henneman K, Zidenberg S.Nutrition and Health Infe&. Some facts about Energy Drinks.California2007

[4] Bakker AJ, Berg HM. Effect of taurine on sarcoplasneticulum function and force in skinned fastithi
skeletal muscle fibres of the rat. J Physiol. 2082;538:185-94.

[5] James JE. Acute and chronic effects of caffeine @erformance, mood, headache and
sleep. Neuropsychobiology 1998; 38:32-41.

[6] Ganong WF. Functions of the nervous system reflaxeReview of medical physiology. A Lange Meditalok
publication, California. 2005;131.

[7] Chandak R Prafulla, Makwana Jayant .Ageing andfR@atime in Indian  Population. 2011.

[8] Meagan A Howard, Cecile A Marczinski. Acute Effectba Glucose Energy Drink on Behavioral control.
Experimental and Clinical Psychopharmacology 208@)553-561.

[9] Malinauskas BM,Aeby VG,Overton RF,Carpenter, Aebgarber Heidal K. A survey of energy drink
consumption among college students.Nutrition Jdwt@a7;6:1-7.

[L0]Mathew H Gendle,Darren M, Smucke R, Jason A etAdkntion and Reaction time in University Students
Following Consumption of Red Bull. The Open NugitiJournal 2009;3:8-10.

[11]Jacob S, Tambawel J, Trooshi FM,Alkhoury Y. Conptiom pattern of nutritional health drinks and eyer
drinks among university students in Ajman,UAE.GJkdical Journal 2013;2(1):22-26.

99



Viswanathan Shanti and DubeM anjree Int J Med Res Health Sci. 2016, 5(7):94-100

[12] Goel Vartika,Manjunatha S,Pai M Kirtana. Effect afd bull energy drink on auditory reaction time and
maximal voluntary contraction. Indian J Physiol Phacol 2014; 58(1) : 17-21.

[13]Karia Ritesh,Ghuntla Tejas,Mehta Hemant. EffectGeinder Difference on Visual Reaction Time:A Study o
Medical Students of Bhavnagar Region.

[14]Miles WR. Correlation of reaction time and coordioa of speed with age in adults. American Journal
Psychology 1931; 43(3): 377-391.

[15]Welford AT. Some possible reasons for slowing widlge. In: A Historical Background Sketch in
Reaction Time.Academic Press,New York.1980;1-17.

[16]Shenvi D, Balasubramanian P. A comparative studyvistial and auditory reaction time in males and
females. Indian J Physiol Pharmacol 1994; 38: 22D-2

[17]Curtis Camden Chase. Thesis:The Effects of sugalr sugar-free energy drinks on simple and choice
reaction time.University of Puget Soun

[18]Laquale, Kathleen M. Red Bull: The other energynkirand its effect on performance. In:Movement Arts,
Health Promotion and Leisure Studies.Faculty Palibos 2007; 26.

[19]1Kim, Woojae. Debunking the Effects of Taurine indRBull Energy Drink Journal Issue: Nutrition Bytes,
9(1), University of California, Los Angeles 2003

[20] The Evaluation of the Health Aspects of D-glucurogo-lactone as a Food Ingredient. Prepared by dren
Fox Kintner Plotkin and Kahn, Washington DC, USé#;, Red Bull GmbH, Austria. November 8, 1996

[21]Jack E James,Peter J Rogers. Effects of caffeinpediormance and mood: Withdrawal reversal is tlestm
plausible explanation.Psychopharmacology 2005;182:1

[22] Valeria Matinuzzi,Danielle Peterson,Sean lacobdra.Review:Effects and Effectiveness of
Energy Drinks.University of Massachusetts Lowell.20

[23] Sunram Lea,Foster Sl,Durlach JKP,Perez C. Glucoaellithtion of cognitive performance in healthy
young adults:Examination of the influence of the stfduration,time of day & preconsumption plasma
glucose levels.Psychopharmacology 2001;157:46-54.

[24]Kennedy DO, Scholey AB. A glucose caffeine energiynkd ameliorates subjective & performance deficits
during prolonged cognitive demand.Appetite 2004332:333.

[25] Owens DS, Benton D.The impact of raising blood obec on reaction
times.Neurophyschobiology 1994;30:106-113.

[26]Prinzel LJ 1ll, Freeman FG. Sex differences in oispatial ability: task difficulty, speed accuracgde-off &
other performance factors. Canadian Journal of Exmatal Psychology 1995; 49(4):530-539.

[27]American Diabetes Associaton. Post prandial bldodage. Diabetes care 2001;24:775-778.

[28]Childs E, de Wit H.Subjective ,behavioral & physigical effects of acute caffeine in light, non degent
caffeine users.Psychopharmacology 2006;185:514-523.

100



