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Caffeine is the major constituent found in coffee, tea, energy drinks, and chocolate
bar among many others. Several studies have reported various effects of caffeine on the
cardiovascular system, although there are inconsistencies in these findings. This study, based
on these sought to investigate the role of Myristica fragrans on caffeine-induced cardiotoxicity in
male Wistar rats. Twenty-five healthy Wistar rats, weighing 130-135 g were randomly assigned
into groups (A-E) n=5 each. Group A received 2 mL/kg distilled water as placebo, group B was
administered caffeine (40mg/kg), group C received Myristica fragrans only (200mg/kg), group
D received caffeine (40mg/kg), and Myristica fragrans (100mg/kg), while group E received
caffeine (40mg/kg) and Myristica fragrans (200mg/kg). The rats were orally-gavaged caffeine
and Myristica fragrans with the aid of an oral cannula for 21 days. On the 22nd day after
the last administration, rats were euthanized sacrificed and the heart tissues were obtained
histological procedures. Percentage weight change was significantly decreased (p <0.05),
and Lactate dehydrogenase (LDH) activity was significantly increased (p <0.05) in group B
relative to the control group. The heart, relative heart weights, and cardiac troponin I were not
significantly different (p=0.05) across all experimental groups relative to the control. Assessment
of the cardiac histoarchitecture revealed diverse alterations in the caffeine-only group which
were ameliorated by administration of 100 and 200 mg/kg Nutmeg extract in groups D and E
respectively. Caffeine administration resulted in alteration in cardiac histoarchitecture with
100 and 200mg/kg Myristica fragrans ameliorating these alterations. Nutmeg could serve as a
drug lead in the management of cardiac-related conditions.
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Caffeine is still used in the form of caffeine causes toxicity in the cardiovascular

coffee, beverages, soft drinks, and energy drinks1.
Several studies on the effects of caffeine on the
cardiovascular system have been conducted. These
accounts, however, are contradictory'. Several
mechanisms have been proposed to explain how

system. Adenosine is a negative ionotropic and
chronotropic substance that acts on certain receptors
in the heart. Blocking cardiac adenosine receptors
inhibits adenosine’s actions, resulting in tachycardia
and arrhythmias via strong 1-receptor activity'.
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Caffeine has the capacity to produce adenosine
antagonism and phosphodiesterase inhibition,
interacting with the sympathetic nervous system
and activating 1-receptors. As a result, there are
positive inotropic and chronotropic effects, which
account for increased heart rate and conductivity?.
Caffeine increases intracellular cAMP and cyclic
guanosine monophosphate (cGMP) via inhibiting
non-specific phosphodiesterases, which influences
heart contractility consequent to calcium release.
The latter method may raise the risk of arrhythmias.
Other caffeine’s mechanisms of action with indirect
effects on the cardiovascular system have been
reported, such as the stimulation of the sodium-
potassium-ATPase, which is an integral membrane
protein responsible for a decrease in the plasma
levels of potassium and the ion’s transfer from the
circulation to intracellular compartments, rendering
the membrane potential more negative. This
increases the likelihood of ventricular arrhythmias®

Caffeine has been linked to a lower
ventricular fibrillation threshold in certain
laboratory studies4, and as little as 50 mg of
caffeine can cause tachycardia and agitation.
Caffeine toxicity, like amphetamine poisoning,
can result in convulsions, psychosis, cardiac
arrhythmias, and, in rare cases, death5. Caffeine-
related mortality from energy drinks was recorded,
with electrocardiograms revealing that the patient
had acute myocardial ischemia, most likely caused
by caffeine-induced coronary vasospasm, which
raises heart rate and has the potential to cause
cardiac arrhythmias®. The pathogenesis of such
coronary events is thought to entail enhanced
platelet aggregation and decreased endothelial
functionality’.

Myristica fragrans, a popular household
spice, is derived from the tree Myristica fragrans,
which grows in the Indonesian Banda Islands
(commonly known as the Spice Islands)®. It has been
proven to be beneficial as a heart and brain tonic, as
well as in sexual and general debility. In Indonesia,
Malaysia, England, and China®, it has been used
to cure rheumatism. Externally, the essential oil is
used to alleviate rheumatic symptoms, limb pains,
general aches, and inflammation. In Malaysia and
India, Myristica fragrans has been used to treat
nervous symptoms and induce sleep due to its
calming effect. Aphrodisiac action of Myristica
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fragrans 50 percent ethanolic extracts in male mice
has also been found.

Extracts of Myristica fragrans and clove
were discovered to stimulate male mice’s mounting
behavior as well as considerably improve their
mating performance’.

There is no data on the impact of
simultaneous caffeine and Myristica fragrans
ingestion on the heart. This study thus attempted
to evaluate the potential ameliorative potentials
of Myristica fragrans ethanol extract on caffeine-
induced cardiotoxicity in male Wistar rats based
on this premise.

MATERIALS AND METHODS

Ethical Consideration

Ethical clearance for the study was sought
and obtained from the local institutional committee.
All experimental procedures for this study were per
the guidelines of the institutional animal care and
use committee (IACUC).
Chemicals, Drugs, and Reagents

Caffeine in its pure white form was
acquired from (Sigma, Mo, USA) and used for
the study. Elisa Kits for biochemical assay were
procured from reliable sources. All other reagents
utilized for the study were of analytical grade and
purity.
Rat Care and Management

Twenty-five healthy male Wistar rats
(Rattus norvegicus) of weight range 130 to 135 g
were procured from the Animal Holdings of the
Department of Anatomy, Afe Babalola University,
Ado-Ekiti and were used for this research. The
rats were housed in the Animal Holdings of Afe
Babalola University, Ado-Ekiti. They were placed
on a standard laboratory chow and also provided
unrestricted access to clean water. The rats were
maintained in natural day and night cycle and
temperature and allowed to acclimatize for two
weeks, after which they were randomly assigned
based on weights into 5 groups (A-E, n=5 each).
Group A which was the control was administered
distilled water (2 mL/kg) as placebo, group B was
administered caffeine only (40 mg/kg), group C
was administered Myristica fragrans only (200
mg/kg), group D was administered caffeine (40mg/
kg) and Myristica fragrans (100mg/kg), while
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group E was administered caffeine (40 mg/kg)
and Mpyristica fragrans (200 mg/kg). Caffeine
and Mpyristica fragrans prepared solution was
administered oro-gastrically with the aid of
an oral cannula. Administration in control and
experimental groups spanned for 21 days.
Mpyristica fragrans extract preparation

The modified method of Dewi et al.,® was
followed for the preparation of Nutmeg extract.
Mpyristica fragrans was obtained in powder form
from the town of Ado-Ekiti, Ekiti State. Extract
preparation was done by percolating the powder
form of Myristica fragrans extract (1:10 w/v) in
ethanol for 72 hours with intermittent shaking
with a mechanical shaker. The solution was then
filtered through Whatman filter paper No. 2 filter
paper and the filtrate obtained was evaporated to
dryness by slow heating and continuous stirring in
a water bath at 40°C. The dark brown residue left
behind was collected and used. The percentage
yield of the extract was determined by W /W, x
100. Where W, is the final weight of the extract
after the extraction process and W1 is the initial
weight. The resultant yield of extract was about
8.50g. 100 mg and 200 mg of Myristica fragrans
stock solutions were prepared by dissolving 1g and
2g of the extract yield in 20 mL of distilled water.
Caffeine Solution Preparation

40 mg of caffeine solution was prepared
by dissolving 0.4g of the powder in 20 mL of
distilled water and then refrigerated until use.
Blood Collection and Sacrifice

Following the last administration (day
22), blood samples were collected through the
intracardiac puncture method to assay for activity
of LDH and cardiac troponin I level in the serum.
Thereafter, animals were sacrificed via cervical
dislocation. The heart tissues were fixed in 10%
formol saline and processed for routine paraffin
wax embedding and sectioning was at 5 microns
before staining.
Body Weight Determination

Body weights of rats were done weekly
with the aid of the weighing scale (Metler Toledo,
P163)
Percentage weight change was calculated using:

Wa Wi
_______ X 100%
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Where W 1= initial weight and W2 is the
weight at sacrifice (Final weight)
The relative heart weight was estimated by the
formula

[ Organ weight / Final body weight] x100

Histology, Histochemical, and Histomorphometry

The excised cardiac tissues were
fixed in 10% formal saline for 48 hours before
being treated using the paraffin wax embedding
procedure. Sections of 5 micron thickness were
cut from paraffin-embedded tissues and stained
in hematoxylin and eosin stains to show the
overall histoarchitecture of the left ventricle.
Scoring was based on the existence and severity
of the following parameters: edema, leukocytic
infiltration, muscular necrosis, and chronic
inflammation. Each component was graded using
a semi-quantitative scale, with 0 being normal and
1-7 representing mild to severe abnormalities®'°.
The overall cardiac damage score for each heart
was determined as the average of all component
injury ratings.
Verhoeff — Van Gieson Stain

Slides were immersed in water for an
hour before being stained in Verhoeftf’s solution
for an hour, resulting in tissue black staining. They
were then washed in tap water with 2-3 changes
and differentiated in a 2 percent ferric chloride
solution for 1-2 minutes. As a result, slides were
washed in tap water, then treated for a minute in
a 5 percent sodium thiosulphate solution before
being rinsed for 5 minutes in running tap water.
Counterstained in Van Gieson’s solution for 3-5
minutes and immediately dehydrated via 95 percent
alcohol for two changes of absolute alcohol, which
was afterwards cleaned in two changes of xylene
for three minutes each before being coverslipped
with resinous mounting material.
Determination of Cardiac Troponin I level
(cTnl) and Lactate Dehydrogenase (LDH)
activities

Cardiac Troponin I Assay (cTnl) levels in
serum were determined using a diagnostic kit and
the technique described by Bishop et al.” (Stanbio
Laboratory, TX, USA). The rise in absorbance
at 340 nm was measured spectrophotometrically
to compute (cTnl) level as (U/L). LDH activity
was measured using a Biogamma diagnostic kit
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(Rome, Italy). The rise in absorbance was measured
spectrophotometrically at 340 nm at 1 minute
intervals for 3 minutes. The total LDH activity in
serum was estimated as (U/L)’.
Quantification of staining intensity

Image analysis and processing for Java
(ImageJ) was utilized to assess and quantify
Verhoeff- Van Gieson staining intensity. Imagel
was used to convert RGB pictures to grayscale
ones. The program evaluates staining intensity by
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measuring the pixel value of each pixel in grayscale
photographs following the threshold of areas of
staining activity and converting the pixel value
to brightness or gray value. The results were then
statistically examined.
Photomicrography

The stained heart slices were examined
using an Olympus binocular microscope connected
to a 5.1-megapixel MV 550 camera. This was linked
to a PC running picture capture and analyzing

Table 1. Grouping and Experimental Design

Groups  Agent Doses Route Duration
A Distilled water 2 mL/kg oral 21 days
B Caffeine only 40 mg/ kg oral 21 days
C Mpyristica fragrans only 200 mg/kg oral 21 days
D Caffeine +Myristica fragrans 40 mg/kg +100 mg/kg  oral 21 days
E Caffeine + Myristica fragrans ~ 40mg/kg +200 mg/kg  oral 21 days
The body weight measurements were taken weekly throughout the study period

20+

#
15+

percentage weight change (%)

Fig. 1. Effect of caffeine and Myristica fragrans on percentage body weight change. values are expressed as
mean = SEM. n= 5. # = relative to control at p<0.05; *= relative to group B at p<0.05
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Fig. 2. Effect of caffeine and Myristica fragrans on cardiac troponin I concentration. Values are expressed as
mean = SEM. n=5. No significant difference across groups at p<0.05.

150

LDH ACTIVITY (ufl)

Fig. 3. Effect of caffeine and Myristica fragrans on serum LDH activity. Values are expressed as mean + SEM. n
=5. #=relative to control at p<0.05; *= relative to group B at p<0.05
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Table 2. The Effect of Caffeine and Myristica fragrans on Heart Weight and Relative Heart Weight

Groups Absolute Heart Relative Heart
Weight (g) Weight (%) = SEM

A- Distilled water (2mL/kg) 0.83 £0.07 0.47 £0.03

B- Caffeine only (40 mg/kg) 0.72 £ 0.07 0.47 +0.03

C- Myristica fragrans only (200 mg/kg) 0.63 +0.16 0.47 £ 0.03

D- Caffeine (40 mg/kg) + Myristica fragrans (100 mg/kg) 0.62 +0.01 0.33 £ 0.03

E- Caffeine (40 mg/kg)+ Myristica fragrans(200 mg/kg) 0.72 £ 0.05 0.43 +0.03

Values are expressed as mean + SEM.No significant difference was observed across the groups (p<0.05). n=5.

Fig. 4. The representative light photomicrographs of the longitudinal sections of the Left ventricle showing
arrangements of cardiac Muscles in group A (Control), group B (Caffeine only), group C (Myristica fragrans only),
group D (Caffeine + Myristica fragrans) and group E (40mg/kg of Caffeine + 200mg/kg of Myristica fragrans).
Nuclei of cardiomyocytes indicated by the green arrow, muscle fibre indicated by the black arrow, inflammatory
cells indicated by the purple arrow, and areas of necrotic changes indicated by the blue arrow. H and E stain. Scale
bars: 50um
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software. The technology was tweaked to
provide more clarity and resolution. Digital
photomicrographs at (X400) magnification were
saved.
Statistical Analysis

For data analysis, GraphPad Prism
(Version 6.1; Graphpad Software Inc., San Diego,
CA) was used. One-way ANOVA was used to
analyze the data, followed by Student Newman-
Keuls posthoc mean comparisons. Statistically
significant differences were found at p< 0.05.
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RESULTS

Effect of caffeine and Myristica fragrans on
body weight

Percentage weight change was
significantly different (F = 3.256; p = 0.0373) in
caffeine-only group (B) across all experimental
groups. The weight loss induced by caffeine
was significantly and dose-dependently reversed
by Myristica fragrans administration, while the
Mpyristica fragrans only group showed significantly

Fig. 5. The representative light photomicrographs of the longitudinal sections of the left Ventricle showing elastic

and collagen fibres distribution Collagen Fibres in group A (Control), group C (Myristica fragrans only), group D

(Caffeine + Myristica fragrans), and group E (40mg/kg of Caffeine + 200mg/kg of Myristica fragrans). In group

B (Caffeine only) abundant deposition of collagen fibres was noticed. Note the sparse elastic fibre deposit (black)
and abundant collagen fibre deposit (red). VVG (X 200)
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Elastic fibre ()

Fig. 6. Elastic fiber content across groups measured by digital densitometry of elastic fibre. The effect of caffeine
and Myristica fragrans extract on the area covered by Elastic fibers was determined by digital densitometry
recognition using Image J software. “untreated group (Caffeine only)
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Collegen fiber ()

Fig. 7. Collagen fibre content measured by digital densitometry. The effect of caffeine and Myristica fragrans
extract on the area of collagen accumulation was determined by digital densitometry recognition using Image J
software. “untreated group (Caffeine only)
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increased (F = 3.256; p = 0.0373) weight gain as
compared to the caffeine-only group.

Effect of caffeine and Myristica fragrans on the
heart and relative heart weights body weight,
cardiac Troponin I, and LDH activity

There were no significant differences in
relative heart weight and cardiac Troponin I level
across all experimental groups (F = 1.200; p =
0.3692) (Table 2) and (F= 0.4408, p = 0.7766)
(Figure 2) respectively. Lactate dehydrogenase
activity significantly increased in group B (F =
5.249; p = 0.0153) relative to control. (Fig. 3)
Histological findings

Assessment of the left ventricular
histoarchitecture with the H and E showed
regular arrangement with clear striations of
myocardial fibres without histological alterations
and centrally placed nuclei in the control slides.
However, in the caffeine-only group (figure
4B), there was a deviation or derangement in
the regular arrangement of the myofibrils, with
disoriented nuclei and evidence of tissue necrosis.
The histological presentations of figures 4D and
E, the Myristica fragrans treated groups showed
a gradual restoration of the normal myocardial
histoarchitecture.

The Verhoeff- van-Gieson stain was
used for the assessment of connective tissue
fibres (elastic and collagen fibres). Elastic fibers
(black) distribution (figure 5B) was reduced when
compared to the control group (figure 5A) and
5C (Myristica fragrans only). In the Myristica
fragrans treated groups (figures 5D and 5E), there
was a significant improvement in the deposition of
elastic fibers.

There was an increased distribution of
collagen fibers in the left ventricle caffeine-only
treated group (figure 5B) and group D administered
100 mg/kg of Myristica fragrans (figure 5D).
Collagen and elastic fibres content measured
by digital densitometry were shown as result of
collagen and elastic fibres content in each specimen
(figs. 6 and 7)

DISCUSSION

Several studies have reported various
effects of caffeine on the cardiovascular system,
although there are inconsistencies in these findings.
This study, based on these sought to investigate
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the role of Myristica fragrans on caffeine-induced
cardiotoxicity in adult male Wistar rats.

Mpyristica fragrans has been shown to
be preferred, helpful, and to have a wide range
of pharmacological properties. Loizzo et al."
previously demonstrated that Myristica fragrans
has antioxidant, anticonvulsant, analgesic, anti-
inflammatory, antidiabetic, hypolipidemic and
hypocholesterolemic, antibacterial, and antifungal
properties. In group B rats, there was a substantial
decrease in percentage weight change.

The possible explanation for this could
be due to the dosage of caffeine which is also in
tandem with the study of Ogunwole et al.,'* who
had earlier reported that rat birth weights were
affected following administration of a high dose of
caffeine'®. The dose of caffeine used in their study
was far lesser than in our study and this could be
a pointer that weight-reducing consequences of
caffeine could also be dose-dependent.

Other possible weight-reducing
mechanisms of caffeine could be by its ability
to increase the basal metabolism rate, increase
thermogenesis, and its potentiality to inhibit
cellular proliferation and differentiation of
adipocytes through inhibition of adipogenic related
factors' 5. While Myristica fragrans stabilized
weight in the groups co-administered with caffeine,
this shows its potentiality as a weight-stabilizer
and which could also be due to the myriads of
phytochemicals present in this extract. While there
was no significant variation in relative heart weight
across groups.

LDH is a very stable enzyme that has
been frequently utilized to assess the presence
of tissue and cell damage and toxicity. It is an
oxidoreductase that catalyzes the interconversion
of pyruvate and lactate while also interconverting
NADH and NAD+16. LDH has multiple isoforms;
LDHI is prominent in the heart, whereas LDH?2 is
present in the serum'¢. According to prior studies,
the presence of LDH in the tissue indicates cardiac
integrity, whereas its release indicates myocardial
injury's. Experiments on rats revealed that an
increase in blood LDH activity was associated with
a decrease in cardiac muscle LDH'" activity.

The result obtained from the assay of
plasma LDH activity in this study showed that
the activity of LDH was significantly higher in
the negative control group (B) as compared to the
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control (Fig 2). This is indicative of myocardial
injury'®. Cardiac troponin is a protein released
from myocytes when myocardial damage occurs®
and is the biomarker of choice for the detection of
cardiac injury. In this study, the level of cTnl was
not significant across all groups.

The histology of myocardial tissues of
the control and Myristica fragrans alone groups
showed normal myocardial histoarchitecture with
regular striations. However, the photomicrographs
of the caffeine alone group showed that caffeine-
induced both degenerative and inflammatory
changes in the heart tissue manifested as small
focal cardiomyocytes necrosis and infiltration with
lymphocytes. The photomicrograph of group D
and group E showed restoration of the myocardial
histoarchitecture. This anti-inflammatory response
may be attributed to the characteristic polyphenolic
compounds present in Myristica fragrans, which
have all been associated with various degrees
of anti-inflammatory activities®. Verhoeff - van
Gieson’s stained sections showed that caffeine
significantly depleted elastic fibres deposition
in the caffeine alone group relative to control.
Intact elastic fibers are required for proper
vascular mechanics to work, and their loss has
been linked to the development of cardiovascular
diseases®. According to Komolafe ef al., sparsely
distributed elastic fibers lower the tensile strength
and elasticity of vascular systems, potentially
leading to the start of cardiovascular problems?'.
Mpyristica fragrans, on the other hand, reduced the
damage caused by caffeine by restoring elastic fiber
deposition, as demonstrated in the Verhoeff - van
Gieson’s micrographs of groups D and E.

Cardiac tissues are high collagen
areas that have grown to replace the dead cells
produced by tissue necrosis (figure 4B). Cardiac
fibroblasts are primarily responsible for the
creation of extracellular collagen I and III in the
left ventricular myocardium. Cardiac fibrosis is
pathophysiologically linked to hypertension and
cardiac hypertrophy?, which leads in impaired left
ventricular relaxation?. Myristica fragrans reduced
tissue necrosis in groups D and E by restoring
the antioxidant capabilities of the cells. This was
consistent with Naglaa’s findings, who reported
well on the antioxidant activity of Myristica
fragrans®.
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CONCLUSION

Caffeine administration resulted in
alteration in cardiac histoarchitecture, elevation
in markers of cardiac injury, connective tissue
fibers disorientation, while 100 and 200mg/kg
Mpyristica fragrans ameliorated these alterations.
Mpyristica fragrans could serve as a drug lead in
the management of cardiac-related conditions
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