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form dimethyl- and mono-methylxanthines, di-methyl and 
mono-methyl uric acids, tri-methyl- and dimethyl-allantoin, 
and uracil derivatives.[7] In the brain, it acts through several 
mechanisms, but majorly by counteracting adenosine which 
it does by blocking its receptors.[8-10]

Clinically, caffeine is used for the management of asthma, 
gall bladder disease, attention deficit-hyperactivity 
disorder, shortness of breath in newborns, and low blood 
pressure.[11] It has also been used for treating different 
forms of migraine, obesity and in the management of 
diabetes type 2 and seizures.[12-15] Long-term consumption 
of caffeine is associated with a lower risk of cardiovascular 
disease,[16,17] while it has been reported to increase the 

INTRODUCTION

Caffeine is a psychostimulant and mild diuretic consumed 
through the world as natural components of chocolates, 
coffees and teas, and as added components to soda and 
energy drinks.[1,2] It is also a common ingredient in diet 
pills and some other drugs.[3] Caffeine is also known as 
caffeine, theine, mateine, guaranine, methyltheobromine, 
and is the common name for 1,3,7-trimethlyxanthine or 
3,7-dihydro-1,3,7-trimethyl-1H-purine-2,6-dione, with the 
formula C8H10N4O2.[4] It is a white crystalline solid with 
molar mass, 194.19 g/mol, and density, 1.23 g/ml.[5]

Caffeine is rapidly and completely absorbed from the 
gastrointestinal tract,[6] and is metabolized by the liver to 
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Abstract

Introduction: Caffeine is a Psychostimulant consumed as natural components in chocolates, 
coffees and teas, and as added components to soda, energy drinks, and some drugs. It has 
been reported to impair the brain in several ways that might lead to activity breakdown.  
Aim: The present study therefore investigated the potency of caffeine on the neurobehavior 
and histomorphology of the frontal cortex of a murine model. Materials and Methods: Thirty 
albino mice were divided into five groups (n = 6), administered intraperitoneally 0.2 ml 
distilled water, 25, 30, 40 and 60 mg/kg body weight (bw) of caffeine, respectively for 14 
days, while the bws were measured prior and after the experiment. On day 15, the dark 
and light field behavioral test was carried out and the animals were sacrificed by, perfusion 
method, and the frontal cortices excised from whole brains and routinely processed for 
histological studies. Results: The mice gained bw in the 25 and 30 mg/kg bw caffeine groups, 
but lost weight in the 40 and 60 mg/kg bw caffeine groups. No difference was observed in 
the entire light and dark field test parameters, while histological studies showed significant 
(P < 0.05) hyperplasia of the frontal cortical cells in the caffeine test groups, all compared 
with the control and among the test groups. Conclusion: Consumption of the given low 
dose of caffeine, caused gain in weight while high dose of caffeine caused bw loss, but did 
not affect the dark and light field behavioral parameters, but stimulated frontal cortical cell 
hyperplasia possibly as a protective measure.

Key words: Caffeine, frontal cortex, histomorphology, mice, neurobehavior



Ekong, et al.: Caffeine stimulates murine lateral frontal cortex

85 Annals of  Bioanthropology | Volume 4 | Issue 2 | July-December 2016

metabolic rate of digestion.[18] It is also reported to protect 
against Parkinson-like features.[19]

Toxicity of caffeine has been reported in different 
species,[4,20,21] and can present as a spectrum of clinical 
symptoms. Most of these originate in the central nervous 
and circulatory systems following ingestion of 1g or 
more of caffeine.[22] These effects include insomnia, 
restlessness, increased blood pressure, tachycardia, 
diuresis, gastrointestinal irritation, muscle twitching, 
irregular or rapid heartbeat, breakdown of skeletal muscle 
tissues, dehydration and excitement progressing to mild 
delirium.[20,23,24] High caffeine consumption also accelerates 
bone loss at the spine in elderly postmenopausal women.[25] 
An acute overdose of caffeine usually in excess of about 
300 mg/kg can over-stimulate the central nervous system.[20]

In humans, caffeine acts as a central nervous system 
stimulant, temporarily warding off drowsiness, and 
restoring alertness.[12] Caffeine impairs the brain in several 
ways: and by producing dependence, can cause or worsen 
psychiatric illnesses,[22] impairs physical and mental 
performance,[23] interferes with sleep, influence the risk of 
other illnesses that in turn exert frontal lobe effects through 
physical or mental stress[22] and can cause toxicity or even 
death. Caffeine impinges on the brain’s communication 
system by crossing the blood brain-barrier since it is both 
water- and lipid-soluble.[26]

Although literatures abound on the activity of caffeine in the 
body and particularly the brain, little is reported on its role 
in brain morphology. It is against this background that this 
research was carried out to investigate the effect of caffeine 
on some behavioral parameters and the histomorphology 
of the frontal cortex of albino mice.

MATERIALS AND METHODS

Animal handling
Thirty young female albino mice of average weight 25 g were 
used for the experiment. They were obtained and kept in the 
Faculty of Basic Medical Science Animal House, University 
of Uyo and were handled in accordance with International 
Guidelines for Animal Care and Use. The animals were 
housed in wooden cages and were fed with standard feed 
pellets from Vital Feed Company Ltd., Nigeria and clean 
drinking water. The animals were allowed 12:12 h’ light 
and dark condition and room temperature of 27°C was 
maintained throughout. The animals were allowed 2 weeks 
of acclimatization before the beginning of the experiment 
and were divided into five groups of six animals each.

Caffeine preparation and administration
0.5 g pure caffeine (No. 101187527, Sigma-Aldrich, England) 
with molecular weight 194.19 g/mol was dissolved 
in 100 ml of distilled water in a glass jar forming the 

caffeine stock solution and the dose for administration 
was calculated. Group 1 animals were used as the 
control and were administered 0.2 ml of distilled water, 
intraperitoneally (i.p.), while Groups 2–5 received 25, 30, 40 
and 60 mg/kg body weight (bw) of caffeine i.p., respectively 
for 14 days. On day 15 of the experiment, dark and light 
field behavioral test was carried out and the animals were 
sacrificed after chloroform anesthesia.

Briefly, the behavioral test was carried out using the light/
dark maze (box). The test is based on the mice innate aversion 
to brightly illuminated areas and on the spontaneous 
exploratory behavior of the mice. The box consisted of a 
small dark compartment (one-third, painted black) and 
a large illuminated aversive compartment (two-thirds, 
painted white) with lines at the base dividing each chamber 
into small squares. Each mouse was placed in the large white 
chamber of the box and allowed to move freely between 
the two chambers. The experiment lasted for 5 min. The 
number of transition between each chambers and the time 
spent in each chambers, as well as number of fecal boli and 
urine puddles were observed and recorded.[27] Furthermore, 
behavioral parameters such as grooming (an act whereby 
the mouse scratches any or all part of its body) and rearing 
(an act whereby the mouse stands on its hindlegs), as well 
as lines crossed (horizontal movement) by each mouse were 
observed and recorded.

The animals were sacrificed after chloroform anesthesia 
and perfusion-fixed with 10% buffered formalin. The whole 
brain was then excised and postfixed in 10% buffered 
formalin. On complete fixation at 7 days, the frontal cortex 
was excised for further processing by hematoxylin and eosin 
staining method. Tissues were viewed under the microscope 
to visualize the morphological changes of the frontal cortex. 
Photomicrographs of each slide were obtained with the 
aid of a computer-assisted digital camera attached to the 
microscope.

Cellular populations were determined with WCIF ImageJ™ 
software (version 1.77c, National Institutes of Mental 
Health, Bathesda, Maryland, USA). Briefly, live images (at 
the predetermined area) of the sections were captured using 
the ImageJ™ software through the light microscope at ×100 
magnification. They were converted to 8-bit images and 
threshold to 200 at the scale of 1 μm while ensuring that the 
scale was in the global mode. Microscopic scale was then set 
for camera binding of 1 × 1 at ×10 objectives. Nuclei of the 
cells were then quantified at this magnification.

One-way analysis of variance was applied to analyze data, 
and post hoc Tukey’s test was used to compare individual 
groups. Charts were used to represent some of the data, 
while the table was presented as mean ± standard error of 
mean. Data with probability level P < 0.05 was regarded as 
statistically significant.
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RESULTS

Body weight change
There was bw gain in 25 mg/kg bw (0.20, 0.96%) and 
30 mg/kg bw (1.00, 4.25%) caffeine groups compared with 
the control group (0.50, 2.34%), however, there was bw loss 
in the 40 mg/kg (−0.33, 1.18%) and 60 mg/kg (−0.33, 1.18%) 
caffeine groups compared with the control group (0.50, 
2.34%) [Figure 1].

Neurobehavioral test
There was no difference in all the light and dark field 
test parameters; horizontal and vertical movements (line 
crossing, transition, and rearing frequencies) [Figure 2], 
grooming frequency, time in the dark box, time in the 
light box, defecation boli, and urine puddles (none) 
[Figure 3].

Histomorphology/histomorphometry of the frontal 
cortex
The histological section of the frontal cortex of the 
mice in the control group showed six cortical layers, 
namely, marginal zone, cortical plate, subcortical plate, 
intermediate, subventricular, and ventricular layers. 
These are analogues of the six cortical layers in humans. 
The marginal zone is made up of mostly neuronal fibers 
and sparse cell density. The cortical plate contained dense 
cells of different sizes that blended with the subcortical 
plate. The intermediate and subventricular layers were 
not easily distinguishable, and contained smaller size cell 
density [Figure 4a].

The histological section of the frontal cortex of the 25 mg/kg 
caffeine group mice showed high cellular density throughout 
the cortical layers. The intermediate, subventricular and 
ventricular layers were not distinguishable compared 
with the control group [Figure 4b]. The histological section 
of the frontal cortex of the 30 mg/kg caffeine group mice 
showed dense cell population of cells, except within the 
subcortical plate were the cells were less dense compared 
with the control group [Figure 4c]. The histological section 
of the frontal cortex of the 40 mg/kg caffeine group mice 
showed a high cellular density throughout the entire 
layers of the cortical section, while the subcortical plate, 
intermediate plate, subventricular, and ventricular 
layers are less distinguishable compared with the control 
group [Figure 4d].

The histological section of the frontal cortex of the 60 mg/kg 
caffeine group mice showed a high cellular density with 
smaller size cells. The cortical plate showed a dense 
aggregation of different cell sizes and types. The subcortical 
and intermediate plates are less distinguishable with less 
cellular density. The subventricular and ventricular layers 
are less distinguishable with high cellular density compared 
with the control group [Figure 4e].

Figure 1:	The	body	weight	change	in	the	experimental	animals.	Data	
are	presented	as	mean	±	standard	error	of	mean

Figure 2:	Horizontal	and	vertical	movements	in	the	light	and	dark	
field.	No	 significant	 difference	was	 recorded	 compared	with	 the	
control	group	at	P	<	0.05

Figure 3:	Other	behavioral	parameters	 in	the	light	and	dark	field.	
No	significant	difference	was	recorded	compared	with	 the	control	
group	at	P	<	0.05

There was significant (P < 0.05) increase in cellular population 
in the frontal cortex in all the Caffeine Groups compared 
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with the Control. The 40 mg/kg caffeine Group had 
significantly (P < 0.05) higher cellular population compared 
to the other caffeine groups whereas the 30 mg/kg caffeine 
Group had a significantly (P < 0.05) lower cellular population 
compared the 25 mg/kg and 60 mg/kg bw of caffeine [Table 1].

The mean cellular sizes was significantly (P < 0.05) larger 
in the 25 mg/kg and 40 mg/kg caffeine groups, but lesser 
in the 60 mg/kg caffeine group compared with the control 
group. There was no difference in the mean cellular size 
between the 30 mg/kg caffeine group and the Control. 
The mean cellular size of the 25 mg/kg caffeine group was 
significantly (P < 0.05) larger compared with the other 

caffeine groups, while that of 60 mg/kg caffeine Group 
was significantly (P < 0.05) smaller compared with the 
40 mg/kg caffeine Group [Table 1].

DISCUSSION

Caffeine is reported to cause diverse effects in the 
body. Clinically, this substance is also used for obesity 
management, and in the management of migraine and 
diabetes type 2, as well as apnea in neonates.[12-15] The 
study was therefore to ascertain the effects of caffeine on 
some frontal cortical function using the dark and light field 
behavioral parameters and its histology in a murine model. 
There were bw gains in the 25 mg/kg and 30 mg/kg caffeine 
groups, while the 40 mg/kg and 60 mg/kg caffeine groups 
had bw losses in the course of the experiment. These results 
indicated that caffeine may stimulate bw gain at a low 
dose and bw loss at high doses. The bw loss results was in 
line with previous reports that high caffeine consumption 
leads to bw loss.[28,29] A previous report stated that caffeine 
elicits bw loss through thermogenesis by inhibiting the 
phosphodiesterase-induced degradation of intracellular 
cyclic adenosine mono-phosphate.[30] Lee et al.[31] proffered 
that bw loss was associated with a substantial reduction 
in insulin-mediated glucose uptake. However, increased 
bw even with low caffeine consumption had also been 
reported.[29]

The frontal cortex is often associated with memories 
associated with emotions derived from inputs from the 
brain’s limbic system,[32] and the dark and light field test is 
widely used to measure such emotional behavior in rodents. 
This test is based on the rodents’ innate aversion to brightly 
illuminated areas and on the spontaneous exploratory 
behavior of the animals.[33,34] There was no difference in all 
the measured parameters in the dark and light field test, 
an indication that the administered caffeine doses and 
duration was not sufficient to cause a substantial effect. The 
present behavioral results was at variance with the previous 
ones.[9,35] Decreased and increased horizontal and vertical 
motor activity was reported in CD-1 mice administered 
caffeine, caffeine analogue, and caffeine-sodium benzoate, 
respectively.[35] El Yacoubi et al.[36] reported that the stimulant 
effect of low doses of caffeine is mediated by A2A receptor 
blockade, while the depressant effect seen at higher 

Table 1: Mean cellular population and sizes
Groups (n=6) Dosages Mean cellular population Mean cell size (μm2)
1 Control (distilled water) 3102±28.87 1.12±0.01
2 25 mg/kg caffeine 3435±15.76* 1.68±0.02*
3 30 mg/kg caffeine 3259±13.12*,b 1.07±0.01b

4 40 mg/kg caffeine 4082±24.36*,b,c 1.33±0.01*,b,c

5 60 mg/kg caffeine 3443±17.03*,c,d 0.90±0.02*,b,c,d

Data are presented as mean±SEM. *Significantly different from Group 1 at P<0.05; bSignificantly different from Group 2 at P<0.05; cSignificantly different from 
Group 3 at P<0.05; dSignificantly different from Group 4 at P<0.05. SEM=Standard error of mean

Figure 4:	Photomicrographs	of	the	frontal	cortex.	(a).	Control	Group	
indicating	no	histopathological	changes.	(b)	25	mg/kg	caffeine	group	
showing	increase	in	cell	density	in	the	frontal	cortex.	(c)	30	mg/kg	
caffeine	group	showing	increase	in	cell	density	in	the	frontal	cortex.	
(d)	 40	mg/kg	 caffeine	 group	 showing	 increase	 in	 cell	 density	 in	
the	 frontal	 cortex.	 (e)	60	mg/kg	caffeine	 showing	 increase	 in	cell	
density	in	the	frontal	cortex	(H	and	E,	×100).	M	=	Marginal	zone;	
CP	=	Cortical	plate;	SP	=	Subcortical	plate;	IP	=	Intermediate	plate;	
SVZ	=	Subventricular	zone;	VZ	=	Ventricular	zone

dc

ba

e
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doses under some conditions is explained by A1 receptor 
blockade. This hypothesis may have played a role in the 
present study.

Histological studies showed hyperplasia of the frontal 
cortical cells in the Caffeine Test Groups. Caffeine has 
been reported to cross the blood-brain barrier,[4] and the 
present results may suggest a stimulation of either gliosis 
or/and neurogenesis. Gliosis usually occurs when there 
is the presence of chemical agents, such as caffeine in the 
brain. It is reported that caffeine stimulates gliosis in the 
striatum, hippocampus, substantia nigra pars compacta 
and cerebral cortex,[19,37] and this gliosis may be the resulting 
effect as seen in the cellular hyperplasia of the histological 
study. Neurogenesis has been reported to occur in the 
frontal cortex.[38] However, reports show that caffeine 
inhibits neurulation and adult neurogenesis.[39-41] Hence, 
neurogenesis may be ruled out in the present study.

The frontal cortex contains most of the dopamine-sensitive 
neurons in the cerebral cortex,[42] and plays an important 
part in retaining long term memories which are not 
task-based, and are often associated with emotions derived 
from inputs from the brain’s limbic system.[42] The frontal 
cortex therefore modifies these emotions to generally fit 
socially acceptable norms.[43,44] This dopamine system is also 
associated with reward, attention, short-term memory tasks, 
planning and motivation.[45] Caffeine has been reported to 
improve these functions,[46] but this may not be through 
neurogenesis.

Caffeine use has been linked with specific disorders such 
as anxiety disorders, sleep disorders and eating disorders, 
and there is a possible association with schizophrenia. 
Sensitivity to caffeine is increased in people with panic 
disorder and social phobia, and administration of caffeine 
can provoke panic attacks in these individuals.[27] As caffeine 
caused hyperplasia of frontal cortical cells with the target 
mostly likely the glia, it will lead to increase nutrients and 
protection to the brain that may ultimately be injurious on 
the long run.

CONCLUSION

Consumption of the given low and high doses of caffeine 
caused bw increase and loss respectively, but both low and 
high doses did not affect the dark and light field behavioral 
parameters, but stimulated frontal cortical cell hyperplasia 
possibly as a protective measure.
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