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Abstract: 
 
 
Heavy caffeine consumption is associated with adverse health effects. The effects of 
moderate and high doses of caffeine mixed with drinking water on the motor coordination, 
learning and memory and the social behavior in mice were studied in mice.  
Animals were divided into 3 groups: control group, moderate dose group (Ac MD) and high 
dose group (Ac HD). The animals were tested after 7 days of caffeine administration.  
Rota rod test for motor coordination showed that the mice of the moderate dose group could 
stay more time on the rotating rod before they fall than the control group and the high dose 
group.  Water maze test for learning and memory showed better performance of mice 
receiving moderate dose of caffeine compared to the other groups. Animals that were 
administered moderate as well as high doses of caffeine showed no sociability and no 
preference for social novelty in the three-chamber test used to test the social behavior. In 
elevated plus maze, control animals showed no anxiety- like behavior while mice 
administered with caffeine were both showing anxiety-like behaviors.  
We concluded that acute administration of moderate dose of caffeine to mice could enhance 
their spatial memory and motor coordination. High doses however caused defects in memory 
and learning. The social behavior as the level of anxiety and sociability was affected 
negatively by moderate as well as high dose caffeine administration. 
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1. Introduction:  
 
Caffeine, found in tea, coffee, energy drinks and others, is the most wildly consumed psycho-
stimulant substance known to man. Recently, it was estimated that 90% of U.S. population 
and 80% of the world’s population consume caffeine on a daily basis [1]. It has been reported 
that caffeine can enhance memory in both animal models and humans [2][3]. In fact, while 
healthy people can tolerate moderate intakes of caffeine, heavy caffeine consumption has 
been associated with severe adverse health effects [4] 
Memory is significantly affected by sleep, in which the brain's neural connections are 
strengthened. The strengthening of the neural connections enhances the brain's ability to 
retain memory. During sleep, different parts of the brain process the memories and convert 
them into long-term memory. Insomnia or sleep deprivation results in the lower retention rate 
of memories due to the neural connections not being as strong as they need to be [5]. Sleep 
deprivation, in general, is associated with deterioration of memory [6] 
Acute administration of caffeine improves the performance of adult rodents in various 
learning and memory tasks [7], whereas chronic caffeine administration prevents mnemonic 
deficits in experimental models of Alzheimer ́s disease as well as age-related cognitive 
decline [8]. However, caffeine can cause delayed sleep onset in both humans and rodents [9]. 
It was shown that it stimulates locomotor activity. Caffeine is recognized as a non-selective 
adenosine receptor antagonist, especially for A1R and A2AR and it exerts a stimulating 
effect on locomotor activity at low to moderate doses, however, at higher doses it has less 
stimulating and even depressive effects at higher doses [10] 
 
Anxiety disorder, which is a mental disorder characterized by out of proportion feelings of 
fear and anxiety in frequency and/or duration to the actual situation [11][12][13]. 
Interestingly, the effects of caffeine on anxiety differ based on the dose ingested. It has been 
observed that high doses can cause anxiety, whereas low doses can have anxiolytic effects 
[14][15][16][17]. 
 
This study aimed to measure the effect of caffeine on learning, memory, cognitive functions, 
anxiety and the social behavior on mice. 
 

2. Materials and methods  
 

2.1. Animals: 
 
Male BLC57 mice were bred in the animal department of the Arabian Gulf University. They 
were housed in cages on sawdust. The animals were divided into the following: control group 
(n=8, were given normal water), acute moderate dose (n=8, were given moderate dose 
caffeine (0.1g/L) for 1 week, Ac MD), acute high dose (n=8, were given high dose caffeine 
for 1 week, Ac HD 1g/L). All tests were performed when the animals were six weeks of age. 
All experiment procedures followed the animal care ethics of Arabian Gulf University, 
Manama, Bahrain. 
 

2.2. Tests:  
2.2.1. Rotarod (RR) 

 
The accelerating rotarod assesses motor coordination and balance. Mice were placed on a 
cylinder that rotates at a pre-assigned speed of 45 revolutions per minute (rpm). Each mouse 
was habituated for a total of a 6-minute period divided into three trials of 2 minutes. During 
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each trial, the mouse was replaced on the rod when it falls. Habituation was not recorded. 
Following the habituation, the test was performed with three trials per test. Latency to fall 
from the rotating rod was recorded. The six groups of mice were tested within the same 
experiment to allow comparison of baseline motor performance. Habituation and testing were 
done on the same day for each group. 
 

2.2.2. Elevated plus maze test (EPM) 
 
The elevated plus maze tests anxiety-like behavior [17]; it consists of two open arms (25 cm 
x 5 cm) and two enclosed arms of the same size at opposite sides of each other. The enclosed 
arms are surrounded by 15 cm high walls. The edges, 3 mm high, surround the open arms, 
minimizing the likelihood of animals falling from the apparatus.  Both arms are 55 cm above 
the floor. Between the arms is a central square area (5 cm x 5 cm) where the mouse is placed. 
The entire apparatus was cleaned using 70% ethanol between each subject. Each mouse was 
individually placed in the central square of the maze and was allowed to freely explore the 
apparatus. The mice's behavior was recorded for the test period of 10 minutes and then 
analyzed. The number of entries per arm and the time spent in the open arms were recorded. 
An entry is recorded when all four paws enter the arm. The numbers of entries and time spent 
in the open arm reflect the general behavior of the mice. The less common entrance of the 
mice into the open arms of the maze, as well as the decreased amount of time spent in them,  
was considered as anxiety-like behavior. 
 

2.2.3. Morris Water maze test (MWM) 
 
Water maze measures spatial learning and memory [18][19]. The apparatus consisted of a 
circular swimming pool (140 cm diameter and 50 cm height, filled to a depth of 30 cm); the 
water was maintained at room temperature (26ºC- 28ºC). The maze was housed in a darkened 
room with visual cues and illuminated by sparse red light. It was divided into four equal 
quadrants by two diagonal lines set by the program. 
Each mouse was given five acquisition trials per day for the first day (training day) to learn 
the position of a hidden ‘escape’ platform, which is submerged 2 cm below the water surface, 
at a fixed location inside the pool. On each trial, the mice were released from one of four 
predetermined positions on the perimeter of the pool. Animals were given a maximum of 120 
seconds (s) to find the platform and were allowed to remain on the platform for 20 s. Mice 
that failed to locate the platform were put onto it by the experimenter and allowed to stay 
there for 20 s.  
The position and movement of the animals, in the pool, was captured and analyzed every 0.2 
s, using a video-camera computer system, and ANY-maze video- tracking system [Stoelting 
Co., Wood Dale, IL, USA]. Outcome measures were latency time and distance swum to reach 
the platform. Performance in each trial was averaged to yield one data point per mouse per 
test. The speed of swimming (a measure of motor function [18]) was measured as a control 
between the groups. Following the test, a probe test was performed in which the platform was 
removed, and each animal was allowed to swim for 120 s. 
 

2.2.4. Three-chambers social apparatus [Crawley’s sociability and preference 
for social novelty test] (3C) 

 
The Three-chambers social apparatus, assess sociability and preference for social novelty 
[20][21][22]. The rectangular three-chambered box consists of chambers with the dimensions 
of 20 cm x 40 cm x 22 cm. The walls of the box are made of clear Plexiglas. The dividing 
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walls (also made of Plexiglas) had small rectangular openings (5 cm × 3 cm) allowing access 
to each chamber. Each chamber contained a cage which was 11 cm high, with a bottom 
diameter of 9 cm. The test consists of habituation for 5 minutes and two 10 minutes sessions. 
The subject mouse was first placed in the middle chamber to habituate for 5 min. Session 1 is 
started by placing an unfamiliar mouse (stranger 1) that had no prior contact with the subject 
mouse inside the wire cage in one of the side chambers. The subject mouse was then allowed 
to explore the entire apparatus freely. The time spent in each chamber, as well as the number 
of chamber entries, were recorded.  
Session 2 was started by placing a second unfamiliar mouse in the wire cage inside the 
chamber which was empty during session 1. The test mouse is then left to freely choose 
between the chamber containing the already investigated mouse (stranger 1), and the one 
containing the novel unfamiliar mouse (stranger 2). The said strangers were of the same 
species and gender. The same parameters recorded for session 1 were recorded for session 2. 
The apparatus was cleaned with 70% ethanol between subjects. Session 1 tests for sociability, 
which is evident by the subject spending more time in the chamber containing a mouse than 
in the empty chamber. Preference for social novelty, measured in session 2, is indicated by 
spending more time in the chamber containing the novel mouse than the one containing the 
already investigated mouse.  
 
 
3. Statistical analysis 
 
Data are presented as average ± SEM unless indicated otherwise. Comparisons between and 
within groups are made using ANOVA, and post-hoc paired or unpaired two-tail t-tests. All 
statistical tests performed with Microsoft ExcelTM 2010 incorporating the Analysis Tool Pak 
add-in. Data were expressed as mean ± SEM. Statistical significance is set at a P value of less 
than 0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Results: 

4.1. Rota Rod test: Ac MD displayed better motor coordination than the other 
groups. 

In comparison to the Cont (29.83 ± 2.5 s) and Ac HD (26.2 ± 2.5 s) groups, Ac MD spent 
significantly more time on the rotating rod before falling (41.1 ± 4.3 s, ANOVA test, p˂ 
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0.05). (Fig 1) 

4.2. Improved performance displayed by Ac MD group in Morris water maze 
test. 

Cognitive function was assessed by using Morris Water Maze test (Fig 2). Latency 
(Fig 2A) to reach the platform of Ac MD group was significantly better (30.45  ± 7.3 s) 
compared to the control group latency (54.4 ± 6.8 s, ANOVA test, p< 0.05). However, the Ac 
HD group took significantly more time to reach the platform compared to the control group 
(73.4 ± 6.4 s, ANOVA test, p< 0.05). There were significant differences in the distances (Fig 
2B) traveled by each group to reach the platform in which the Ac MD group traveled less 
distance (5.8 ± 0.96 s) compared to the other groups (ANOVA test, p<0.05). Another 
outcome that was noted was in the swimming velocity (Fig 2C) where the velocity of the Ac 
MD group was the highest (0.30 ± 0.02). The probe test (Fig 2D) revealed that the Ac MD 
group exhibited learning behavior as they spent more time (36 ± 2.1 s) in the disc zone than 
the other groups (ANOVA test, p<0.05). On the other hand, the Ac HD group spent the least 
amount of time in the disc zone (30.2 ± 1.8 s). 

 
4.3. Increased Anxiety in Caffeine Treated Mice 

 
Anxiety was tested using the Elevated Plus Maze test. Control animals showed less 

anxiety- like behavior by spending more time in the open arms than in the closed arms during 
the test. On the contrary, the caffeine-treated mice spent significantly less time in the open 
arm which indicates an increase in anxiety (ANOVA test, p<0.05, Fig 3). However, there was 
no significant difference between the Ac MD and Ac HD groups. 
 
 

4.4. Lack of sociability and preference for social novelty in caffeine treated 
mice 

In Three Chambers Test, the control group animals showed normal sociability (Session 1) 
by preferring to be in the chamber containing another mouse rather than staying in the empty 
chamber (315.4 ± 17.9 s versus 217 ± 22.4 s, respectively). They also showed a normal 
preference for social novelty (Session 2) by spending more time in the chamber that 
contained a novel mouse than the chamber containing the old mouse (347 ± 38.1 s versus 
184.8 ±29.5 s, respectively). On the other hand, caffeine-treated animals demonstrated a lack 
in both sociability (Session 1) and preference for social novelty (Session 2) with no 
significant difference between the two treated groups. (Fig 4) 

 
 
 
 
 
 

 
5. Discussion and Conclusion: 

 
Caffeine administration affects the functions of the cardiovascular, respiratory, renal, and 
nervous systems. The proposed mechanisms of action differ for different physiological 
effects. Caffeine action could be mediated via several mechanisms: the antagonism of 
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adenosine receptors, the inhibition of phosphodiesterase, the release of calcium from 
intracellular stores, and antagonism of benzodiazepine receptors 

The ability of caffeine to inhibit adenosine receptors appears to be highly important in its 
effects on behavior and cognitive function. This ability results from the competitive binding 
of caffeine and paraxanthine to adenosine receptors and is of importance in contributing to 
CNS effects, especially those involving the neuromodulatory effects of adenosine. Due to the 
blocking of adenosine inhibitory effects through its receptors, caffeine indirectly affects the 
release of norepinephrine, dopamine, acetylcholine, serotonin, glutamate, gamma-
aminobutyric acid (GABA), and perhaps neuropeptides [23]. 
There are two main classes of adenosine receptors: A1 and A2; caffeine and paraxanthine are 
nonselective antagonists at both the specificity of inhibition depends on the concentration in 
the blood [24]. 
The research in hand investigates the effects of different doses of caffeine on four behavioral 
parameters in mice. There was a lack of research studying this number of variables under the 
effect of different doses of caffeine for short and long durations in one study. Thus, the idea 
for this research came to life. The different parameters measured; motor and cognitive 
function, anxiety, and social behavior showed a variation in results. The performance of Ac 
MD group gave the most robust results concerning cognitive and motor function whereas the 
Ac HD gave the weakest. Furthermore, caffeine increased the anxious behavior and 
decreased the sociability and the preference for social novelty. 

 
According to the results collected and analyzed, mice treated with moderate doses of caffeine 
showed an enhanced motor and cognitive function, as they notably had the most anxious 
behavior and decreased sociability and preference for social novelty. On the other hand, mice 
treated with high doses of caffeine showed deterioration in motor and cognitive functions 
with an increased anxious behavior and similarly decreased sociability and social novelty as 
the group mentioned above. 

 
Based on other research, the effects of caffeine on motor function are highly dose dependent. 
In fact, caffeine has biphasic effects, in which low doses increase motor function while high 
doses decrease it [19][20][21][22][25]. The earliest proposed mechanism of action for 
caffeine involved the mobilization of intracellular calcium by increasing calcium release from 
the sarcoplasmic reticulum. Specific actions of caffeine in skeletal muscle appear to involve 
ionic calcium (Ca++). Caffeine in high concentrations (1–10 mM) was found to interfere with 
the uptake and storage of calcium in the sarcoplasmic reticulum of striated muscle and to 
increase the translocation of Ca++ through the plasma membrane [26]. Caffeine may also 
increase myofilament sensitivity to Ca++ through its binding to ryanodine receptors in 
calcium channels of muscle and brain [27]. 

 
Low doses of caffeine selectively decrease the activity of striatopallidal Neurons in the 
striatum and their counterparts in the nucleus accumbens. It is known that the basal 
expression of mRNA for NGFI-A [28] and NGFI-B [29] is relatively high in the striatum. 
Two studies examined the expression of NGFI-A and NGFI-B mRNA [30]. They showed 
that lower doses of caffeine (7.5-25 mg/kg) decrease the expression of mRNA for NGFI-A 
and NGFI-B in the striatum. This suggests that low doses of caffeine, similar to that of 
typical human caffeine consumption, are stimulant. This is caused by the blockade of 
adenosine receptors which are abundant in the striatum. This is further supported by the 
finding that caffeine-induced changes are located in the striatopallidal neuron, which 
expresses adenosine A2 receptors in high abundance. 
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The research at hand showed similar results; mice treated with moderate doses of caffeine 
showed enhancement in motor functions, while those treated acutely with high doses showed 
the opposite. 

 
When examining the effects on the cognitive function, it was apparent that low doses of 
caffeine enhance the cognitive function while high doses deteriorate it. In fact, studies have 
concluded that activation of adenosine A1 receptors strongly inhibits the release of 
acetylcholine from pyramidal hippocampal neurons [31][32][33]. Acetylcholine has been 
known to be important for memory storage [34].  

 
To our knowledge, the literature contains few pieces of research on the effect of caffeine on 
memory retrieval, a topic that deserves further questioning. The results obtained in those 
studies agree with our results that caffeine improves retention of cognitive function on short-
term ingestion when given with lower doses [35]. 
 
Our result support previous studies, in that lower doses of caffeine enhances the cognitive 
function. In fact, AC MD group had significant improvement in memory retrieval, while the 
AC HD group was negatively affected compared to the controlled group [36]. 
 
Caffeine administration can exert anxiolytic or anxiogenic effects in rodents depending on 
the anxiety test employed, the rat strain, and the sex of the rat [37]. Recent reports have 
associated caffeine with anxiety-related behaviors, and the suggested mechanisms include; 
blockade of benzodiazepine binding sites on GABAA receptors, stimulation of central 
noradrenergic activity, or antagonism of adenosine receptors. [17][18][19]. It has also been 
shown that the mesocortical cholinergic neurons are tonically inhibited by adenosine and that 
caffeine consequently increases their firing rate [38]. It was proposed that this effect is of 
importance in the electroencephalogram (EEG) arousal following caffeine ingestion. Because 
dopamine and noradrenaline neurons also are involved in arousal, there is ample 
neuropharmacological basis for assuming that central stimulatory effect of caffeine could be 
related to inhibition of adenosine A1 receptors. Also, there is an increase in 5-
hydroxytryptamine receptors, muscarinic receptors, and delta–opioid receptors following 
higher doses of caffeine [39]. It is also known that caffeine increases the turnover of several 
monoamine neurotransmitters, including 5hydroxytryptamine (5-HT) dopamine, and 
noradrenaline [40][41]. As well as increasing the rate of firing of noradrenergic neurons in 
the locus ceruleus [42]. The increase in noradrenaline turnover is probably the explanation 
for the fact that methylxanthines also reduce the number of β-adrenoceptors in rat brain [39]. 
Caffeine modifies or antagonizes the effects of benzodiazepines on behavior in both animals 
and humans [43][44]. The mechanism for this antagonism was proposed to be the blocking of 
benzodiazepine receptors by caffeine. Caffeine does have weak antagonistic properties at 
these receptors. However, this mechanism requires very high concentrations of caffeine 
[45][46]. More recent evidences [26][47] suggests that the interaction between caffeine and 
benzodiazepines is mediated through caffeine's effects on adenosine receptors. There is some 
evidence suggesting that caffeine may also be a histamine receptor antagonist [48]. 

 
Our research showed anxiogenic effects of caffeine on the treated mice; This finding is 
opposing the idea that high doses of caffeine exert an anxiogenic effect while low doses exert 
an anxiolytic effect) [49]. In fact, there was no clear relationship between the dose and the 
effect, Ac MD group was more anxious than Ac HD group. 
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There is a lack of researches concerning caffeine and its effects on sociability and preference 
for social novelty. Several studies showed that caffeine decreased social interaction in mice 
and rats [50][51]. The suggested mechanism can be related to its anxiogenic actions 
[50][51][52]. Another study demonstrated that AC HD of caffeine decreases the level of 
social interaction [53]. 
 

In the three chambers test, the control group that was treated with saline solution spent more 
time exploring the conspecific than the unknown object. This pattern of behavior was 
preserved after administration of the moderate dose of caffeine, but not after the high dose. 
Which further indicates a lack of preference for the conspecific after receiving the high doses 
of caffeine. The same study showed that the high doses of caffeine significantly decrease the 
time spent sniffing the novel conspecific. As a result, AC HD of caffeine reduces the 
sociability and preference for social novelty [47]. 

  
Our study demonstrates that the acutely treated groups of mice were less social than the Cont 
group. Such results indicate that the decrease in sociability is not significantly dose-
dependent. Same results were shown regarding preference for social novelty in previous 
pieces of research. However, Ac HD group preferred to spend more time with the novel mice 
than the Ac MD group. 

 
Overall this study documents the diverse effects of caffeine on different parameters. Ac MD 
group showed better results in motor and cognitive functions, whereas Ac HD group was less 
anxious than Ac MD group. The most striking result was that sociability was not dose-
dependent but had an equal effect on mice when administered. Since no concrete evidence 
proves the link between the dose of caffeine and the level of decrease in sociability, further 
investigation is advised. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 June 2018                   doi:10.20944/preprints201806.0045.v1

http://dx.doi.org/10.20944/preprints201806.0045.v1


6. References: 
 
 
[1] B.B. Fredholm, K. Bättig, J. Holmén,  a Nehlig, E.E. Zvartau, Actions of caffeine in 

the brain with special reference to factors that contribute to its widespread use., 
Pharmacol. Rev. 51 (1999) 83–133. doi:0031-6997/99/5101-0083$03.00/0. 

[2] A.P. Ardais, M.F. Borges, A.S. Rocha, C. Sallaberry, R.A. Cunha, L.O. Porciúncula, 
Caffeine triggers behavioral and neurochemical alterations in adolescent rats., 
Neuroscience. 270 (2014) 27–39. doi:10.1016/j.neuroscience.2014.04.003. 

[3] S. Bolton, G. Null, Caffeine Psychological Effects , Use and Abuse, J. Orthomol. 
Psychiatry. 10 (1981) 202–211. 

[4] M. Gallagher, R. Burwell, M. Burchinal, Severity of spatial learning impairment in 
aging: development of a learning index for performance in the Morris water maze, 
Behav Neurosci. 107 (1993) 618–626. doi:10.1037/0735-7044.107.4.618. 

[5] J.M. Ellenbogen, J.D. Payne, R. Stickgold, The role of sleep in declarative memory 
consolidation: passive, permissive, active or none?, Curr. Opin. Neurobiol. 16 (2006) 
716–722. doi:10.1016/j.conb.2006.10.006. 

[6] L. Seugnet, J.E. Galvin, Y. Suzuki, L. Gottschalk, P.J. Shaw, Persistent short-term 
memory defects following sleep deprivation in a Drosophila model of Parkinson 
disease, Sleep. (2009). doi:10.1093/sleep/32.8.984. 

[7] M.E.M. Angelucci, M.A.B.F. Vital, C. Cesário, C.R. Zadusky, P.L. Rosalen, C. Da 
Cunha, The effect of caffeine in animal models of learning and memory, Eur. J. 
Pharmacol. 373 (1999) 135–140. doi:10.1016/S0014-2999(99)00225-3. 

[8] S. Ferré, An update on the mechanisms of the psychostimulant effects of caffeine, J. 
Neurochem. 105 (2008) 1067–1079. doi:10.1111/j.1471-4159.2007.05196.x. 

[9] L.M. Paterson, S.J. Wilson, D.J. Nutt, P.H. Hutson, M. Ivarsson, A translational, 
caffeine-induced model of onset insomnia in rats and healthy volunteers, 
Psychopharmacology (Berl). 191 (2007) 943–950. doi:10.1007/s00213-006-0672-0. 

[10] M.B. Stein, D.J. Stein, Social anxiety disorder., Lancet. (2008). doi:10.1016/S0140-
6736(08)60488-2. 

[11] American Psychiatric Association, Diagnostic and Statistical Manual of Mental 
Disorders, 5th Edition (DSM-5), Diagnostic Stat. Man. Ment. Disord. 4th Ed. TR. 
(2013). doi:10.1176/appi.books.9780890425596.744053. 

[12] H.U. Wittchen, Generalized anxiety disorder: Prevalence, burden, and cost to society, 
Depress. Anxiety. (2002). doi:10.1002/da.10065. 

[13] G.L. Clementz, J.W. Dailey, Psychotropic effects of caffeine, Am. Fam. Physician. 37 
(1988) 167–172. 

[14] W.H. Loke, Effects of caffeine on mood and memory, Physiol. Behav. (1988). 
doi:10.1016/0031-9384(88)90039-X. 

[15] C.F. Haskell, D.O. Kennedy, K.A. Wesnes, A.B. Scholey, Cognitive and mood 
improvements of caffeine in habitual consumers and habitual non-consumers of 
caffeine, Psychopharmacology (Berl). 179 (2005) 813–825. doi:10.1007/s00213-004-

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 June 2018                   doi:10.20944/preprints201806.0045.v1

http://dx.doi.org/10.20944/preprints201806.0045.v1


2104-3. 

[16] H.R. Lieberman, W.J. Tharion, B. Shukitt-Hale, K.L. Speckman, R. Tulley, Effects of 
caffeine, sleep loss, and stress on cognitive performance and mood during U.S. Navy 
SEAL training, Psychopharmacology (Berl). 164 (2002) 250–261. 
doi:10.1007/s00213-002-1217-9. 

[17] M. Komada, K. Takao, T. Miyakawa, Elevated plus maze for mice, J. Vis. Exp. (2008) 
1–4. doi:10.3791/1088. 

[18] M.D. Lindner, Reliability, distribution, and validity of age-related cognitive deficits in 
the Morris water maze., Neurobiol. Learn. Mem. 68 (1997) 203–20. 
doi:10.1006/nlme.1997.3782. 

[19] R.V. Abreu, E.M. Silva-Oliveira, M.F.D. Moraes, G.S. Pereira, T. Moraes-Santos, 
Chronic coffee and caffeine ingestion effects on the cognitive function and antioxidant 
system of rat brains, Pharmacol. Biochem. Behav. 99 (2011) 659–664. 
doi:10.1016/j.pbb.2011.06.010. 

[20] O. Kaidanovich-Beilin, T. Lipina, I. Vukobradovic, J. Roder, J.R. Woodgett, 
Assessment of social interaction behaviors., J. Vis. Exp. 0 (2011) 6–10. 
doi:10.3791/2473. 

[21] O. Nikodijevic, K.A. Jacobson, J.W. Daly, Locomotor activity in mice during chronic 
treatment with caffeine and withdrawal, Pharmacol Biochem Behav. 44 (1993) 199–
216. doi:0091-3057(93)90299-9 [pii]. 

[22] S.K. Bhattacharya, K.S. Satyan, A. Chakrabarti, Anxiogenic action of caffeine: an 
experimental study in rats, J. Psychopharmacol. 11 (1997) 219–224. 
doi:10.1177/026988119701100304. 

[23] J.W. Daly, D. Shi, O. Nikodijevic, K.A. Jacobson, The role of adenosine receptors in 
the central action of caffeine, Pharmacopsychoecologia. (1994). 

[24] J. Daly, Mechanism of action of caffeine, Caffeine, Coffee, Heal. (1993). 

[25] A. Smith, Effects of caffeine on human behavior, Food Chem. Toxicol. 40 (2002) 
1243–1255. doi:10.1016/S0278-6915(02)00096-0. 

[26] A. Nehlig, J.L. Daval, G. Debry, Caffeine and the central nervous system: mechanisms 
of action, biochemical, metabolic and psychostimulant effects, Brain Res. Rev. (1992). 
doi:10.1016/0165-0173(92)90012-B. 

[27] P.S. McPhersonx, Y.K. Kim, H. Valdivia, C.M. Knudson, H. Takekura, C. Franzini-
Armstrong, R. Coronadot, K.P. Campbell, The brain ryanodine receptor: A caffeine-
sensitive calcium release channel, Neuron. (1991). doi:10.1016/0896-6273(91)90070-
G. 

[28] J. Milbrandt, A nerve growth factor-induced gene encodes a possible transcriptional 
regulatory factor, Science (80-. ). (1987). doi:10.1126/science.3672127. 

[29] J. Milbrandt, Nerve growth factor induces a gene homologous to the glucocorticoid 
receptor gene., Neuron. (1988). doi:0896-6273(88)90138-9 [pii]. 

[30] P. Svenningsson, C. Le Moine, B. Kull, R. Sunahara, B. Bloch, B.B. Fredholm, 
Cellular expression of adenosine A(2a) receptor messenger RNA in the rat central 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 June 2018                   doi:10.20944/preprints201806.0045.v1

http://dx.doi.org/10.20944/preprints201806.0045.v1


nervous system with special reference to dopamine innervated areas, Neuroscience. 
(1997). doi:10.1016/S0306-4522(97)00180-2. 

[31] M. Briley, Biochemical strategies in the search for cognition enhancers, 
Pharmacopsychiatry. (1990). doi:10.1055/s-2007-1014529. 

[32] A.J. Carter, W.T. O’Connor, M.J. Carter, U. Ungerstedt, Caffeine enhances 
acetylcholine release in the hippocampus in vivo by a selective interaction with 
adenosine A1 receptors., J. Pharmacol. Exp. Ther. (1995). 

[33] R.A. Morton, C.H. Davies, Regulation of muscarinic acetylcholine receptor-mediated 
synaptic responses by adenosine receptors in the rat hippocampus, J Physiol. (1997). 

[34] B.J. Everitt, T.W. Robbins, Central cholinergic systems and cognition., Annu. Rev. 
Psychol. (1997). doi:10.1146/annurev.psych.48.1.649. 

[35] M.E. Angelucci, C. Cesario, R.H. Hiroi, P.L. Rosalen, C. Da Cunha, Effects of 
caffeine on learning and memory in rats tested in the Morris water maze, Braz J Med 
Biol Res. (2002). doi:S0100-879X2002001000013 [pii]. 

[36] N.J. Machado, A.P. Simões, H.B. Silva, A.P. Ardais, M.P. Kaster, P. Garção, D.I. 
Rodrigues, D. Pochmann, A.I. Santos, I.M. Araújo, L.O. Porciúncula, Â.R. Tomé, A. 
Köfalvi, J.M. Vaugeois, P. Agostinho, M. El Yacoubi, R.A. Cunha, C.A. Gomes, 
Caffeine Reverts Memory But Not Mood Impairment in a Depression-Prone Mouse 
Strain with Up-Regulated Adenosine A2AReceptor in Hippocampal Glutamate 
Synapses, Mol. Neurobiol. (2017). doi:10.1007/s12035-016-9774-9. 

[37] R.N. Hughes, N.J. Hancock, Effects of acute caffeine on anxiety-related behavior in 
rats chronically exposed to the drug, with some evidence of possible withdrawal-
reversal, Behav. Brain Res. (2017). doi:10.1016/j.bbr.2016.12.019. 

[38] D. Rainnie, H. Grunze, R. McCarley, R. Greene, Adenosine inhibition of mesopontine 
cholinergic neurons: implications for EEG arousal, Science (80-. ). (1994). 
doi:10.1126/science.8303279. 

[39] D. Shi, O. Nikodijevic, K.A. Jacobson, J.W. Daly, Effects of chronic caffeine on 
adenosine, dopamine and acetylcholine systems in mice, Arch. Int. Pharmacodyn. 
Ther. (1994). 

[40] B.B. Fredholm, Adenosine, Adenosine Receptors and the Actions of Caffeine, 
Pharmacol. Toxicol. (1995). doi:10.1111/j.1600-0773.1995.tb00111.x. 

[41] M.G. Hadfield, C. Milio, Caffeine and regional brain monoamine utilization in mice, 
Life Sci. (1989). doi:10.1016/0024-3205(89)90249-X. 

[42] S.J. Grant, D. Eugene Redmond, Methylxanthine activation of noradrenergic unit 
activity and reversal by clonidine, Eur. J. Pharmacol. (1982). doi:10.1016/0014-
2999(82)90430-7. 

[43] L. de Angelis, M. Bertolissi, G. Nardini, U. Traversa, R. Vertua, Interaction of caffeine 
with benzodiazepines: behavioral effects in mice., Arch. Int. Pharmacodyn. Ther. 
(1982). 

[44] M.E. Mattila, M.J. Mattila, E. Nuotto, Caffeine Moderately Antagonizes the Effects of 
Triazolam and Zopiclone on the Psychomotor Performance of Healthy Subjectsf, 
Pharmacol. Toxicol. (1992). doi:10.1111/j.1600-0773.1992.tb00473.x. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 June 2018                   doi:10.20944/preprints201806.0045.v1

http://dx.doi.org/10.20944/preprints201806.0045.v1


[45] A. Nehlig, J.L. Daval, A. Pereira de Vasconcelos, S. Boyet, Caffeine-diazepam 
interaction and local cerebral glucose utilization in the conscious rat, Brain Res. 
(1987). 

[46] R.L. Weir, R.E. Hruska, Interaction between methylxanthines and the benzodiazepine 
receptor., Arch. Int. Pharmacodyn. Ther. (1983). 

[47] F. Lopez, L.G. Miller, D.J. Greenblatt, G.B. Kaplan, R.I. Shader, Interaction of 
caffeine with the GABAAreceptor complex: alterations in receptor function but not 
ligand binding, Eur. J. Pharmacol. Mol. Pharmacol. (1989). doi:10.1016/0922-
4106(89)90028-X. 

[48] F. Acquaviva, A. DeFrancesco, A. Andriulli, P. Piantino, A. Arrigoni, P. Massarenti, 
F. Balzola, Effect of regular and decaffeinated coffee on serum gastrin levels, J. Clin. 
Gastroenterol. (1986). doi:10.1097/00004836-198604000-00009. 

[49] R.A. Cunha, S. Ferre, J.M. Vaugeois, J.F. Chen, Potential therapeutic interest of 
adenosine A2A receptors in psychiatric disorders, Curr Pharm Des. (2008). 
doi:10.1016/j.curobgyn.2005.11.001. 

[50] H.A. Baldwin, S.E. File, Caffeine-induced anxiogenesis: The role of adenosine, 
benzodiazepine and noradrenergic receptors, Pharmacol. Biochem. Behav. 32 (1989) 
181–186. doi:10.1016/0091-3057(89)90230-X. 

[51] L.A. Hilakivi, M.J. Durcan, R.G. Lister, Effects of caffeine on social behavior, 
exploration and locomotor activity: Interactions with ethanol, Life Sci. (1989). 
doi:10.1016/0024-3205(89)90616-4. 

[52] R.D.S. Prediger, L.C. Batista, R.N. Takahashi, Adenosine A1receptors modulate the 
anxiolytic-like effect of ethanol in the elevated plus-maze in mice, Eur. J. Pharmacol. 
(2004). doi:10.1016/j.ejphar.2004.07.106. 

[53] S.E. File, H. a Baldwin,  a L. Johnston, L.J. Wilks, Behavioral effects of acute and 
chronic administration of caffeine in the rat., Pharmacol. Biochem. Behav. (1988). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 June 2018                   doi:10.20944/preprints201806.0045.v1

http://dx.doi.org/10.20944/preprints201806.0045.v1


Legends: 
 

 
Figure 1. Latency to fall (mean ± SEM seconds) in the rotarod test for the control, moderate 
dose, and high dose groups. The time spent by Ac MD was significantly more than the other 
groups (ANOVA test, p<0.05). 
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Figure 2. Morris Water Maze test used to assess cognitive function of the control, moderate 
dose, and high dose groups. (A) Time (latency) to reach the platform, (B) Distance to reach 
platform, (C) Velocity of swimming (m/s) and (D) % of time spent in the disc zone (Probe 
Test). In all the parameters tested, the Ac MD group showed better results than the other 
groups (ANOVA Test, p<0.05). 
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Figure 3. (A) and (B). Elevated Plus Maze test to assess anxiety. Although Ac MD group 
(3.6 ± 0.42 s) entered the open arm more frequent than the Ac HD group (2.13 ± 0.52) (Fig 
3A), it spent the least amount of time (34.9 ± 10.8) (Fig 3B). Overall, the caffeine-treated 
mice were more anxious than the control group. 
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Figure 4. Three Chambers test to assess sociability and preference for social novelty. (a) 
Sociability (Session 1: Time spent in the chamber with the mouse versus chamber without the 
mouse). (b). Preference for social novelty (Session 2: Time spent in the chamber with the old 
mouse versus chamber with the novel mouse). Control animals showed normal sociability 
and preference for social novelty. Caffeine treated mice showed decreased sociability and 
preference for social novelty.  
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