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Abstract
Alcohol abuse by adolescents is becoming a serious health concern as they often progress to becoming alcoholics later 
in life which may lead to heart problems. Chronic alcohol use alters the cardiac function and structure, such as haemody-
namic changes, weakening and loss of cardiomyocytes, myocardial fibrosis, and inflammation. Simvastatin is a commonly 
used drug for the treatment and management of various cardiovascular problems but information on its protective effects 
against alcohol-induced cardiomyocyte hypertrophy, fibrosis, and inflammation is lacking in the literature. Four-week-old 
male (n = 5) and female (n = 5) C57BL/6 J mice were assigned to each experimental group: (I) NT—no administration of 
alcohol or Simvastatin; (II) ALC—2.5 g/Kg/day of 20% alcohol via intraperitoneal injection (i.p.); (III) SIM—5 mg/Kg/
day of Simvastatin via oral gavage; (iv) ALC + SIM5—5 mg/Kg/day of Simvastatin via oral gavage followed by 2.5 g/Kg/
day of 20% alcohol via i.p.; and (v) ALC + SIM15—15 mg/Kg/day Simvastatin via oral gavage followed by 2.5 g/Kg/day of 
20% alcohol via i.p. After the 28-day treatment period, the heart was removed and processed for H&E, Masson’s trichrome, 
or TNF-α immunolabelling. The area and diameter of cardiomyocytes were measured on the H&E-stained sections. The 
distribution of collagen or TNF-α expression was quantified using the deconvolution tool of ImageJ software. The results 
confirmed alcohol-induced toxicity on the cardiomyocytes and Simvastatin reduced alcohol-induced cardiomyocyte hyper-
trophy, fibrosis, and inflammation in both sexes. This study demonstrated that Simvastatin, an FDA approved and easily 
accessible drug, may be beneficial in lowering the prevalence of alcohol-induced cardiovascular diseases (especially in 
adolescents) which will have a huge financial implication on health systems worldwide.
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Introduction

Adolescence is a period of growth and development charac-
terized by physical, psychosocial, and psychological changes 
[1, 2]. At this age, adolescents tend to experiment with alco-
hol resulting in heavy episodic drinking, especially where 
there are lapses in policies to regulate access to alcohol [1, 
2]. Alcohol misuse is higher in male than female adolescents 
and individuals that begin drinking during adolescence are 

more likely to become alcoholics later in life [3]. Apart from 
the social economic impact of alcohol abuse, alcohol mis-
use causes several metabolic diseases which include cardiac, 
renal, and hepatic diseases [2–6].

Chronic alcohol use increases the incidence of cardiovas-
cular diseases, which is a huge financial burden on health 
systems worldwide [4, 7]. Alcohol abuse changes the cardiac 
function and structure which may result in the weakening 
and loss of cardiomyocytes [8]. In addition, the mitochon-
dria, plasma membrane, ribosomes, and receptors of car-
diomyocytes are also damaged due to the high reactivity, 
high diffusion rate, and the ability of alcohol to easily cross 
membranes [9]. Alcohol furthermore disrupts signalling pro-
cesses, activates apoptosis, and decreases heart contraction 
[7, 9]. Likewise, the repair mechanism of cardiomyocytes 
is hindered by alcohol (i.e. by reducing regeneration and 
proliferation of cardiomyocytes) whilst promoting cardiac 
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lesions (i.e. by increasing apoptosis and necrosis of car-
diomyocytes), the outcome of which leads to myocardial 
fibrosis [9] and ventricular dysfunction [10]. Alcohol is 
also known to induce inflammation and promote the secre-
tion of cytokines such as tumour necrosis factor-α (TNF-α) 
[7], a pro-inflammatory cytokine that regulates myocardial 
homeostasis by signalling inflammation and cell abnormality 
(e.g. apoptosis) [7]. It must be noted that an increased level 
of TNF-α in chronic alcoholism is an indication of cardiac 
pathologies, fibrosis, and necrosis [7, 11, 12].

With the prevalence of chronic alcoholism (especially 
in adolescents) and its associated cardiovascular diseases, 
it is important to investigate interventions that may mask 
or reduce the damaging effects of alcohol on the heart tis-
sues. One such intervention that is gaining popularity, due 
to its anti-inflammatory and immune-regulatory properties, 
is Simvastatin [13–15], an FDA-approved drug, primarily 
used for lowering blood cholesterol levels (hypercholester-
olemia) [16–19]. Simvastatin has also been shown to prevent 
coronary heart disease [19, 20], cardiomyocyte death [21], 
myocardial inflammation, and fibrosis [14, 22–24]. Further-
more, Simvastatin also prevents myocarditis [25], improves 
endothelial functions [14, 15], and inhibits the TGF-β1 path-
way which triggers the development of interstitial fibrosis 
and cardiomyocyte hypertrophy [14].

Simvastatin may therefore be beneficial against alcohol-
induced myocardial damage by preventing or potentially 
reversing the structural alterations caused by chronic alcohol 
use. Thus, this study investigated the protective capabilities 
of Simvastatin against alcohol-induced damage on the heart 
of adolescent mice that were administered alcohol. Prevent-
ing and/or reversing alcohol-induced damage could alleviate 
the financial burden caused by alcohol-related diseases [4].

Materials and Methods

Experimental Animal Study

This study received ethical approval (Ethics Clearance No: 
2019/11/63/C) from the Animal Research Ethics Com-
mittee (AREC) of the University of the Witwatersrand 
Johannesburg, South Africa. Mice of the same sex and 
belonging to the same experimental group were housed 
together in a group of five mice per cage (cage dimen-
sions: 200 × 200 × 300  mm) and kept under a reversed 
12–h-day/12-h dark cycle (with the light switched off from 
06:00 to 18:00). For this study, the period of adolescence 
in mice was taken as the period between 4 and 8 weeks old 
[26].

Four-week-old male (n = 25; 5 per group) and female 
(n = 25; 5 per group) C57BL/6 J mice housed in the Wit-
watersrand Research Animal Facility (WRAF), University 
of the Witwatersrand were assigned to each experimental 
group: (I) Non-treatment group (NT); (II) Alcohol-only 
group (ALC)—2.5  g/Kg/day of 20% alcohol via intra-
peritoneal injection (i.p.); (III) Simvastatin-only group 
(SIM)—5 mg/Kg/day Simvastatin via oral gavage; (IV) 
Alcohol + Simvastatin 5 (ALC + SIM5)—5  mg/Kg/day 
of Simvastatin via oral gavage followed by 2.5 g/Kg/day 
of 20% alcohol via i.p.; and (V) Alcohol + Simvastatin 
15 (ALC + SIM15)—15-mg/Kg/day Simvastatin via oral 
gavage followed by 2.5 g/Kg/day of 20% alcohol via i.p. 
Simvastatin (Cat no: 1612700, Merck, South Africa) was 
prepared according to McKay et al. [27] to ensure complete 
dissolution. In addition, a pharmacological-grade absolute 
alcohol (99.9%) (Sigma-Aldrich, South Africa; Cat No: 
24105) was serially diluted in saline (0.9% NaCl) into a 
20% alcohol solution. Both Simvastatin and alcohol were 
prepared daily and then filter sterilized before administering. 
Any unused solution per day was discarded. All treatments 
were performed for 28 consecutive days. Oral gavage and 
i.p. were performed with the utmost care by the trained staff 
of WRAF to reduce introducing stress into the animal.

On the last day of treatment, 50-μL saphenous blood was 
collected in heparinized capillary tubes within 30 min after 
the administration of alcohol before being centrifuged with 
Vivaspin500© 100-μm membrane tubes (Biotech, South 
Africa) at 5000 rpm for 15 min to separate the serum. The 
serum was extracted, and the Blood Alcohol Concentration 
(BAC) was determined using an EnzyChrom™ Ethanol 
Assay Kit (BioVision, South Africa). The average BAC level 
was in the range of 182.5–253.4 mg/dL for the groups that 
were administered alcohol.

Following blood collection, the mice were euthanized 
using Euthanaze (sodium pentobarbital, 80 mg/Kg, i.p.). 
Thereafter, the mice were transcardially perfused with 4% 
paraformaldehyde (in 0.1-M phosphate buffer, PB) (PFA), 
the heart was removed, and then further fixed in 4% PFA at 
4 °C before further processing.

Tissue Processing and Morphometries

The PFA-fixed heart was cut midway across the ventricles. 
The lower portion of the ventricles was processed for his-
tology and sectioned horizontally across the ventricles at 
2 µm thickness. Serial sections were prepared for haema-
toxylin and eosin (H&E) staining (for general morphology 
and morphometry of cardiomyocytes), Masson’s trichrome 
(MT) staining (for evaluating myocardial fibrosis), or TNF-α 
immunolabelling (for quantifying the expression of TNF-α; 
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