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Effect of Caffeine on Body Weight and Hippocampal Cells in a Murine Model
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Abstract Caffeine is a psycho-stimulant and mild diuretic consumed around the world as natural components of
chocolate, coffee and tea and as added components to soda and energy drinks. It’s used clinically and recreationally,
motivated this study on its effects on the histomorphology of the hippocampus in a murine model. 24 albino mice
was grouped (n = 6) as control, 25 mg/kg, 30 mg/kg and 40 mg/kg caffeine groups. They were administered
intraperitoneally for 14 days. On day 15, the animals were sacrificed after chloroform anaesthesia and perfusion-
fixed with 10% neutral buffered formalin. Their entire brains were removed and post-fixed, and their extracted
hippocampa were routinely processed for Cresyl fast violet staining. Cellular population was determined using
ImageJ software. Results showed that there was no difference in body weight change in the test groups compared
with the control group. The histological appearance of the hippocampus showed no apparent histopathology, but the
hippocampal cell populations were significantly (P < 0.05) lower in the 30 and 40 mg/kg group. In conclusion, the
consumption of the given low and high doses of caffeine did not affect body weight, but caused hippocampal cell
population loss, which was dose dependent.
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Introduction
Caffeine is a psycho-stimulant and mild diuretic consumed around the world as natural components of chocolate,

coffee and tea and as added components to soda and energy drinks [1-4]. It is also a common ingredient in diet pills
and some other drugs [5]. As a food ingredient, caffeine is generally considered safe based on a long established
history of use and on extensive research conducted over more than a century. It is also known as coffeine, theine,
mateine, guaranine, methyltheobromine, and is the common name for 1,3,7-trimethylxanthine or 3,7-dihydro-1,3,7-
trimethyl-1H-purine-2,6-dione, with the formula CgH1gN4O, [6]. It is a white crystalline solid with molar mass,
194.19 g/mol, and density, 1.23 g/ml [7-9]. There is no difference in its chemical structure or characteristics whether
sourced naturally or synthesized [10].

Caffeine is rapidly and completely absorbed from the gastrointestinal tract [11-12], with 99% of caffeine being
absorbed within 45 minutes of ingestion [13] and is metabolized by the liver to form dimethyl- and mono-methyl-
xanthines, di-methyl and mono-methyl uric acids, tri-methyl- and di-methyl-allantoin, and uracil derivatives [14].
Caffeine metabolism via the cytochrome P45, pathway is considered the primary step in the metabolic pathway
accounting for greater than 95% of the primary caffeine metabolism, although a large number of enzymes and
intermediate products are noted in its complete metabolism [13]. In rats, C-8-hydroxylation of caffeine is the major
metabolic reaction in rat liver microsomes (approx.70%) and liver slices compared to 1-N- and 7-N-demethylation
and 3-N-demethylation [15]. In the brain it acts through several mechanisms, but majorly by counteracting
adenosine which it does by blocking its receptors [16-18].
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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 [19]. It has also use for treating different forms of
migraine, obesity and in the management of diabetes type 2 and seizures [20-24]. Long-term consumption of
caffeine is associated with a lower risk of cardiovascular disease [25-26], and has been reported to increase the
metabolic rate of digestion [27]. It is also reported to protect against Parkinson-like features [28], improve
performance parameters of rapid information processing tasks [29]. It was earlier posited that caffeine has positive
effects on working memory using the tip of the tongue effect [30] but this finding has been refuted [31].

There is conflicting reports on the effect of this psychostimulant on long term memory. Improvement of long-term
memory with caffeine intake was observed by performing cognitive tasks such as word recall [32-33] and water
maze [34]. However, a negative effect (impaired long term memory) was observed in a step-through passive-
avoidance task using mice [35]. Alternatively, other studies have shown that caffeine intake has no effect on long-
term memory and other cognitive processes [36-38]. Borota et al. [39] posited that caffeine enhance memory
consolidation in a post study involving behavioral discrimination task.

Neurotoxicity of caffeine has been reported in different species [6, 40-41], 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 [42]. These effects include insomnia, restlessness, muscle twitching and excitement progressing to mild
delirium among others [40-46].

According to Han et al [47], long-term consumption of caffeine could inhibit hippocampus-dependent learning and
memory partially through inhibition of hippocampal neurogenesis. However acute 1-day administration of caffeine
had no effect on neuronal precursors in the adult hippocampus but at supraphysiological levels of caffeine there was
lower survival rate than control cells and increased proliferation which did not yield an increase in long-term
neurogenesis [48]. Another research suggest that the effects of caffeine on hippocampal neurons may be mediated
by a decrease of one or more potassium conductance(s), and that adenosine and caffeine may compete for the same
electrophysiologically active receptor site on these cells [49]. An acute overdose of caffeine usually in excess of
about 300 mg/kg can over-stimulate the central nervous system [40]. Preclinical studies further indicate that caffeine
may potentiate the effects of motor in coordination induced by ethanol consumption [50]; antagonized the
psychomotor-impairing effects of alcohol [51], dose-dependently decrease locomotion and learning, but increase
anxiety in mice [52].

Though 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 if this psycho-
stimulant has effect on the histomorphology of the hippocampus and frontal cortex.

Materials and Methods

Animal Handling

Twenty four (24) young female Albino mice of average weight 25g 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 the care and use of animals for research purpose. The animals were
housed in wooden cages and were fed with standard feed pellets (Vital Feed Company Ltd., Nigeria) and clean
drinking water. They were allowed 12:12 hours’ light and dark condition and room temperature of 27°C was
maintained throughout. The animals were allowed a week of acclimatization before the beginning of the experiment.

Caffeine preparation and animal groupings/administration

0.5 g of pure caffeine (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 for the groups. The animals were divided into four (4) groups of six (6) animals each. Group 1 was the
control and the animals were administered 8 ml/kg body weight of distilled water (i.p.), while groups 2-4 received
25 mg/kg, 30 mg/kg and 40 mg/kg body weight of caffeine (i.p.), respectively for 14 days.
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On day 15 of the experiment, the animals were sacrificed after chloroform anaesthesia and perfusion-fixed with 10%
neutral buffered formalin. The whole brain was then excised and post-fixed in 10% neutral buffered formalin. On
complete fixation at 7 days, the hippocampal region was processed through paraffin and sectioned for staining with
Cresyl fast violet. Stained sections were viewed under the bright field microscope and photomicrographs were
obtained with the aid of a computer-assisted digital camera attached to the microscope.

Cellular population estimates were determined with ImageJ™ software (version 1.77c, National Institutes of Health,
USA). Briefly, live images (at the predetermined area) of the sections were captured using the Image]J™ software
through the light microscope at x400 magnification. They were converted to 8-bit images and threshold to 200 at the
scale of 1 um while ensuring that the scale was in the global mode. Microscopic scale was then set for camera
binning of 1 x 1 at x10 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. Data with probability level p < 0.05 was regarded as significant. Data are presented as Mean + standard
error of mean

Results

Body Weight Change

There was no difference in body weight change in the 25 mg/kg, 30 mg/kg and 40 mg/kg caffeine groups compared
with the control group. There was also no difference in body weight change among the test groups (Table 1).

Histomorphological (Hippocampus; Cresyl Fast Violet)

The histological appearance of the hippocampus of the control group animals showed stained Nissl substance
marking out the soma of both glia and neurons throughout the layers (Fig. 1a). The histological appearance of the
hippocampus of the 20 mg/kg caffeine group animals showed no apparent changes in Nissl substance compared with
the control group (Fig. 1b). The histological appearance of the hippocampus of the 30 mg/kg group animals showed
no apparent changes in Nissl substance compared with the control group (Fig. 1c). The histological appearance of
the hippocampus of the 40 mg/kg group animals showed no apparent changes in Nissl substance compared with the
control group (Fig. 1d).

There were significantly (0.05) lower cellular population in the 30 mg/kg and 40 mg/kg caffeine groups compared
with the control group. No difference existed in the 25 mg/kg caffeine group compared with the control group, and
also among the test groups (Fig. 2).

Table 1: The body weight change in the experimental animals

Group Day 1 Day 8 Body weight Body weight

(n=6) F=13.10 F=11.93 change () change (%)
P=0.0001 P=0.0001

Control 21.33+1.36 21.83t1.20  0.50 2.34

25 mg/kg caffeine  20.80+0.86™°  21.00£0.71™° 0.20 0.96

30 mg/kg caffeine  23.00+0.41 24.00£1.24"  1.00 4.35

40 mg/kg caffeine  28.00+0.52*"¢  27.67+0.49*° -0.33 1.18

Data are presented as mean + standard error of mean

* - Significantly different from Control group at P < 0.05

b - Significantly different from group B at P < 0.05

¢ - Significantly different from group C at P < 0.05

NS - Not significantly different from Control group at P < 0.05
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Figure 1: Sections of the hippocampus of the control (a), 25 mg/kg (b), 30 mg/kg (c) and 40 mg/kg (d) groups. There
is no apparent adverse histopathology in all the test groups compared with the control group. (cresyl fast violet,
CFV, Mag. x200)
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Figure 2: Hippocampal Cellular population of the control, 25 mg/kg, 30 mg/kg and 40 mg/kg groups
Mean + standard error of mean; ** - Significantly different from Control group at P < 0.01; NS - Not significantly
different from Control group at P < 0.05; CTR - Control
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Discussion

Caffeine is reported to cause diverse effects in the body. It’s used clinically and recreationally warranted this study
to ascertain its effects on the histomorphology of the hippocampus in a murine model. There was no difference in
body weight in the 25 mg/kg, 30 mg/kg and 40 mg/kg caffeine groups compared with the control. These results
indicate that caffeine, at the given doses did not affect body weight. The result of the present study on body weight
is at variance with previous reports were body weight loss were reported with high caffeine consumption [53-54]. It
is reported that caffeine elicits body weight loss through thermogenesis by inhibiting the phosphodiesterase-induced
degradation of intracellular cyclic adenosine mono-phosphate [55], and this may not be applicable in the present
study. However, increase body weight even with low caffeine consumption has also been reported [38, 54.

Caffeine has been reported to stimulate gliosis in the straitum, hippocampus, substantia nigra pars-compacta and
cerebral cortex [9, 56] which usually account for cell density increase. The present histological study showed no
apparent difference in hippocampal appearance, but less cellular population especially in the high doses groups (30
and 40 mg/kg), indicating that caffeine administration resulted in hippocampal cell loss, which may have arisen
from degeneration. The present result maight influence the overall activity of the hippocampus.

Caffeine is reported to increase and decrease all horizontal and vertical motor activity in different caffeine
combinations [16, 17, 57]. However, no difference was reported in the dark and light maze test [38]. It is reported
that caffeine inhibits neurulation and adult neurogenesis [47, 48, 58], which may a reason for the less cell population
in the present study.

The hippocampus influence memory associated with emotions [59]. A decrease cellular population may lead to
functional impairment, which may have even more far reaching implications.

Conclusion
Consumption of the given low and high doses of caffeine did not affect body weight, but caused hippocampal cell
population loss, which was dose dependent.
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