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Abstract

Background Whey protein (WP) is a dietary supplement. It helps bodybuilders and athletes
recover faster, reduce excess weight, and enhance muscle mass. The excessive use of such
supplements causes substantial stress on your body. Nandrolone decanoate (ND) is a synthetic
testosterone derivative that is unconstitutionally abused by young athletes to enhance their
physical endurance, despite its severe adverse effects and global restriction.

Aim Because we do not know how whey protein and nandrolone affect the cardiac system in
supraphysiological doses taken by athletes, our objective is to investigate the cardiac effects of
short-term use of whey protein and nandrolone.

Methods Thirty adult male albino rats were divided into four groups; control group: fifteen rats
were divided into three equal subgroups; (control negative (CN): standard diet and free tap
water, control distilled water (CDW): distilled water, and control peanut oil subgroup (CP):
peanut oil). Whey protein group (WP): (five rats) WP was given by oral gavage daily except
Friday at a dose of 5.4 g/kg. In addition, nandrolone decanoate group (ND): five rats got 36
mg/kg of ND intra-peritoneally once a week. Finally, five rats in the combined group (Comb)
were given the exact doses of WP and ND. After four weeks, blood samples were taken from all
the animals for further analysis. Moreover, the right and left ventricles were preserved for
biochemical and histological study.

Results ND and Comb groups had severely deleterious effects on the ventricular muscle, while
the WP rats showed considerably mild effects

Conclusions As a consequence of these findings, it is recommended that WP should be
administered under medical supervision for restricted doses, while ND must be entirely
prohibited.

Keywords: Whey protein, Nandrolone decanoate, Oxidative stress, Cardiotoxicity, Fibrosis, Apoptosis.

INTRODUCTION

Whey protein (WP) is a liquid protein separated from casein and purified to different concentrations during
cheese production. It is a dietary supplement that comes in the form of easily digestible powdered
milk protein (1). Due to the depletion of protein in the body during exercise, WP can be included in
the process of restoring and constructing muscle. Furthermore, the glutamine content of WP helps to
prevent muscle injury (2). Also, it increases energy during exercise, reducing the recovery duration of
severe training symptoms (3). Because WP intake controls blood sugar levels in the body, WP is very
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useful for dieters and those who want to lose some kilograms of their body (4). Vasconcelos et al. (5)
found that the widespread availability of WP in stores and on the internet has enabled their use
without a prescription by amateur athletes, possibly disregarding the hazards connected with chronic
and excessive protein ingestion.

Some researchers claim that excessive WP consumption can damage the kidneys and liver and lead to
osteoporosis. Moreover, the short-term consuming WP can significantly impact renal functions,
especially in predisposed people, as evidenced by an increased urinary plasma volume and calcium
excretion while the pH of urinary citrate decreases, resulting in nephrocalcinosis (6). Furthermore, it
can cause unsupportable stress on the liver and may cause liver damage (7).

Aparicio et al. (8) stated that the higher intake of WP causes a mineral imbalance, especially calcium
(Ca*®), and a decrease in bone mineral density (which leads to osteoporosis).

Recent studies have reported that a high-protein diet increases cardiovascular risk. Melnik (9) showed that
WP had a rule of increasing insulin and insulin-like growth factor-1 (IGF-1), which promotes
atheromatous lesions. Also, high blood pressure may develop due to elevated IGF-1 levels in middle
age. In addition, Melnik (10) stated that WP and milk products are associated with high insulin levels
that may develop insulin resistance, resulting in glucose intolerance and cardiovascular diseases.
Zhang and Reilly (11) discovered that a high-protein diet increased levels of amino acids in the blood,
reflecting a negative effect on mitochondrial function, macrophage apoptosis, and atherosclerotic
plaques. The dominant cause of myocardial infarction is plaque rupture with superimposed
thrombosis. Moreover, patients with ischemic heart disease who consumed a daily high-protein diet
had an increase in mortality due to acute coronary syndrome (12). In addition, saturated fats and
cholesterol contents found in dairy products, such as WPC contribute to hyperlipidemia and
hypercholesterolemia and the risk of cardiovascular disease (13).

Anabolic androgenic steroids (AAS) are synthetic testosterone derivatives. It is gaining popularity among
athletes to improve performance, power, and musculature. They are intended to be more anabolic than
androgenic (14), despite being prohibited in the majority of organized sports (15).

According to Patané et al. (16), nandrolone (a 19-nortestosterone derivative) is the AAS with the
maximum anabolic potency. It has been used in medical contexts to treat osteoporosis in
postmenopausal women, several types of anemia, and wasting syndrome associated with AIDS (17).
Nevertheless, both athletes and non-athletes have dramatically increased their use of these substances
in recent years (18).

Erdal and Seyfullah (19) and Frankenfeld et al. (20) reported that ND has severe adverse effects on the
cardiovascular, renal, reproductive, metabolic, neurological, and behavioral systems at
supraphysiological doses.

Based on its effects on blood pressure, cholesterol levels, lipidemic profile, oxidative stress, and fluid
retention, Ayubi et al. (21) found that ND abuse increases the risk of cardiovascular disorders.
Depending on dose and duration, ND use may contribute to coronary artery disease. In addition,
supraphysiological doses of ND would cause arrhythmias due to impaired systolic, diastolic, and
autonomic nervous function in the ventricles. The increased cardiac muscle fibrosis caused by ND is
well documented in animal and human studies. Furthermore, weight lifters who consume ND exhibit
hypertrophy of the left ventricle (15, 22).

Because of the prevalence of protein supplements, including whey protein and anabolic steroids, among
adolescents who use them to develop muscles and their accessibility and positive influence on muscle
mass, their use remains one of the most significant health concerns in sports nowadays. This research
aims to detect the effects of WP and ND on cardiac tissues and their associated parameters and
toxicity markers.
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Materials and Methods
Chemicals and Kits

e WP in the shape of a pale-yellow powder. The ingredients are protein blend (Whey Protein
Isolate, Whey Protein Concentrate, Whey Peptides), natural and artificial flavor (vanilla
ice cream), lecithin, cellulose gum, xanthan gum, salt, sucralose, acesulfame potassium,
and lactase. It was purchased from Optimum Nutrition, INC, the USA.

e A 1 ml glass ampoule containing ND 25 mg/ml in the form of a yellowish oily solution

was purchased from EI-Nile Company for Pharmaceuticals and Chemical Industries.
Peanut oil was ordered as a yellowish-green solution from the Biohayah® Company.
SPINREACT’s Total Cholesterol Assay Kit (colorimetric) BSIS11-E
SPINREACT’s Serum Triglyceride Quantification Kit (colorimetric) BSIS31-E
SPINREACT’s HDL- Cholesterol Assay Kit (precipitating reagent) BSIS12-E
SPINREACT’s LDL- Cholesterol Assay Kit (colorimetric) BSIS51-E
Aviva Systems Biology's Rat Malondialdehyde (MDA) ELISA Kit (OKEH02548)
Cusabio Biotech Co., Ltd.'s Rat Super Oxide Dismutase (SOD) ELISA kit (Cat. No. CSB-
E08555r).

e Cusabio Biotech Co., Ltd.'s Rat Glutathione Peroxidase (GPx) ELISA kit (Cat. No. CSB-
E12146r).

e SPINREACT’s LDH Assay Kit (BEIS43)

e SPINREACT’s CK-MB Assay Kit (BEIS04)

Experimental Animals
Thirty adult male albino rats (180-200 g) were acclimatized to their new environment over one week. They

were housed in cages of polypropylene under lab-style temperature and lighting. Rats were received
water supply and a standard laboratory meal during the experimental time. The research was
conducted in compliance with the Zagazig University Ethics Committee for Animal Handling's rules
at the Faculty of Medicine's Animal House at the university, Egypt, with authorization number (ZU-
IACUC/3/F/87/2021). The sample size of the rats was calculated using Open Epi software by the
Department of Community of the Faculty of Medicine, Zagazig University.

Experimental Groups
Rats were divided into four groups:

Control Group: Fifteen rats were divided equally into three subgroups (control negative (CN):
standard diet and free tap water, control distilled water (CDW): distilled water (the WP's solvent)
(23), and control peanut oil (CP): peanut oil (the ND's vehicle) (24).

Whey Protein group (WP): Five rats, each received 5.4 g/kg/day of the protein dissolved in distilled
water orally for six days per week. The dose was chosen based on the typical dose of adults (70 kg)
1-2 scoops (30-60 g). The highest dose of 60 g extrapolated to rats by surface area, according to
method described by Paget and Barnes (25).

Nandrolone Decanoate group (ND): Five rats each treated IP once per week at a dose of 36
mg/kg/week of ND diluted in peanut oil (arachis oil). The dose was calculated based on the usual
dose of athletes (70 kg) 200-600 mg/week. Based on the average dose of 400 mg extrapolated to
rats by surface area, according to method described by Paget and Barnes (25)

Combined group (Comb): Each rat in the Comb group got the before-clarified doses of WP for six
days pers week and ND once per week.
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Sampling and determination of heart weight/body weight ratio

Upon the experimental termination (after four weeks) (a 24-hour from the last dose), all rats were
sacrificed after anesthesia. Blood samples were taken from the carotid artery (26). Moreover, the
hearts were removed and washed with cold saline and weighed. The index of cardiac hypertrophy was
measured as a ratio of heart weight to the overall body weight of the rat (HW/BW in mg/g).
Dissection, measuring, and homogenization of the right ventricle muscle were performed in 5 mL of
ice-cold 0.1 M Tris-HCI buffer (pH 7.4). Before the biochemical analysis, the clear supernatant
solution was then gathered and centrifuged. The left ventricle was preserved for histological
examination.

Biochemical Investigations

To assess the blood lipid profile, including the concentrations of low-density lipoprotein (LDL)
according to method described by Wieland and Seidel (27),and Friedewald et al. (28), total cholesterol
(TC) according to method described by Meiattini et al. (29), and triglycerides (TG) according to
method described by Bucolo and David (30) using enzymatic colorimetric methods. High-density
lipoprotein (HDL) was evaluated using the phosphotungstate-magnesium ions precipitation method
according to method described by Grove (31), and very low-density lipoprotein (VLDL) was
determined from the TG level using Friedewald's formula: TG/5 according to method described by
Friedewald et al. (28).

A rat MDA ELISA Kit (OKEH02548) obtained from Aviva Systems Biology was used to assess the serum
MDA (nmol/ml) level to set oxidative stress parameters according to method described by Armstrong
and Browne (32). Moreover, Cusabio Biotech Co., Ltd.'s rat SOD ELISA kit (Cat. No. CSB-E08555r)
and its Rat GPx ELISA kit (Cat. No. CSB-E12146r) were used to quantify the total SOD (U/ml) level
according to method described by Adachi et al. (33) and the GPx (U/mg) level in the heart tissue
according to method described by McMurray et al. (34), respectively.

Serum lactate dehydrogenase (LDH) (U/L) was measured using the technique suggested by Baba and
Sharma (35) to investigate the cardiac cytotoxic indicators, and serum creatine kinase-myocardial
band (CK-MB) (U/L) was tested using the technique suggested by Lott and Abbott (36) and Gerhardt
etal. (37)

Using a Cobas ¢702/8000 autoanalyzer (Roche Diagnostic, Mannheim, Germany) and its related reagents
and the necessary chemicals were used, the tests were conducted in the Department of Biochemistry of
the Faculty of Medicine, Zagazig University.

Histological Analyses

5 um-thick slices of the left ventricle specimens were stained with H&E and Mallory trichrome after their
fixation in 10% formalin (38). Moreover, paraffin-embedded slices were stained with
immunohistochemistry using the marked streptavidin-biotin immune peroxidase method (39). A rabbit
monoclonal antibody (EPR18297, ab184787, Waltham, MA, USA) diluted to 1:1000 was used to
detect caspase-3. Alcohols of varying concentrations were rehydrated, xylene was deparaffinized, and
the sections were washed in a phosphate buffer solution (PBS). Furthermore, the sections were
processed with 3% hydrogen peroxide before being washed in PBS. The primary antibody was
provided after application and washing in PBS. The biotinylated secondary antibody was added after
rinsing with water, and the enzyme conjugate and 3, 3-diaminobenzidine tetrahydrochloride were
incubated (DAB Substrate Kit, Thermo Fischer Scientific, Rockford, IL, USA). The sections were
counterstained with Mayer's hematoxylin. PBS was used in place of antiserum to provide a negative
control.
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Morphometric analyses

The subsequent factors were measured:

e Cardiomyocyte nuclei count (considered the marker of cardiomyocyte hypertrophy).
e Percentage area of arrangement of tissue collagen stained with Mallory trichrome.
e Percentage area of Caspase-3 antibodies' immunoreactivity.

It was operated using a Leica Qwin 500 software image analyzer (Leica image system Ltd., Cambridge,
UK). In each region, ten non-overlying fields were randomly selected at x-400 magnification.
Measurements were conducted in Pathology Department, School of Dental Medicine, Cairo
University.

Statistical analysis

SPSS 25.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis (40). Means and
standard deviations (SD) were used to present the findings of the statistical study. To compare
continuous data between the tested and control groups, a one-way analysis of variance (ANOVA) was
also used. Values were considered statistically significant at p < 0.05.

Results
There were negligible differences (p > 0.05) between CN, CDW, and CP subgroups. In order
to compare with the other experimental groups, a group of five rats was selected randomly.

Bio-Physiological Measures
Body Weights and Heart Weights (Table 1)

The obtained results from the control group's body and heart weights showed no significant
changes. Moreover, the WP group gained more weight than the control group. Whereas the
ND group had significantly lower body weights. The Comb group experienced a significant
increase in body mass compared to the other groups.

There was no noticeable difference in heart weight between the WP and control groups.
While the heart mass of the ND group was significantly higher. The hearts of the Comb
group were substantially larger than those of the other groups.

Index of Cardiac Hypertrophy (heart weight / body weight ratio)

The ratio of heart weight to body weight was unaffected by the control group. The
heart/body weight ratio showed a non-significant difference between the WP and control
groups. At the same time, ND reflected an increased ratio than in the control and WP groups.
The Comb group's heart hypertrophy indicator dramatically increased compared to the other
groups (Table 1) (Fig. 1)
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Statistical comparison between mean values of body weights, heart weights, and

heart/body weight ratio in control negative, nandrolone decanoate, whey protein, and
combined groups after 4 weeks of the study using ANOVA test and LSD

Parameter Group N  Mean S.D F P P1 P2 P3
CN 5 2306 084 - - —
WP 5 250.8 2.46 <0.00] *** i —
Body weight <0.001
ND 5 198.6 2.18 164.9 <0.001 *** <0.001 *** e
(2) seskk
<0.001
Comb 5 2854 5.44 <0.001 *** <0.001 #**
skokook
CN 5 0.652 0.032 — —-- —
WP 5 0.663 0.03 0.309 * ——
Heart weight 72.5 <0.001
ND 5  0.748 0.07 0.03 ** 0.03 ** e
(g2) sk
<0.001
Comb 5 1.29 0.137 <0.001 *** <0.001 ***
skskosk
CN 5 291 0.31 — - —
Heart / Body WP 5 3.12 0.21 0.248 * — e
<0.001
weights ND 5 4.29 0.37 92.1 <0.001 **=* BN s —
skskosk
ratio(mg/g) <0.001
Comb 5 5.48 0.17 <0.001 *** <0.001 ***
skskosk

CN:control negative, Comb: Combined group, F: F value (ANOVA test), N: number of rats, , ND: nandrolone decanoate group ,P1: the difference between the control negative
group and other groups, P2: the difference between the WP group and other groups, P3: the difference between the ND group and other groups, SD: standard deviation, WP:

whey protein group, *: P >0.05 means are not significant, **: P <0.05 means are significant, ***: P <0.001 means are highly significant

Eur. Chem. Bull. 2023, 12(Regular Issue 1), 2969-2992
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Heart weight/ Body weight ratio

CN wp ND Comb

Fig. 1 Comparison between the heart/body weights ratio (mg/g) of the four groups (control negative
(CN), whey protein (WP), nandrolone decanoate (ND), and combined (Comb) groups) after 4 weeks of the
study using showing the mean values of heart/body weight ratio (hnumber of rats = 30)

Biochemical Results
Serum Lipid Profile (Table 2)
TC level (mg/dl)

Compared to the WP and control groups and the ND group, the levels of TC were
considerably higher (p< 0.001). The Comb group revealed a significant increase compared to
the other groups. While TC levels in the WP and control groups were similar.

TG level (mg/dl)

The higher TG levels were found in the ND group compared to the WP and control groups
(p< 0.001), while in the Comb group, its levels were considerably increased compared to
other groups. In contrast, the TG levels in the WP and control groups were close.

HDL level (mg/dl)

Moreover, the levels of HDL were significantly lower in the ND group (p< 0.001) compared
to the WP and control groups. The Comb group had a substantial drop compared to all other
treated groups. Regarding HDL values, the WP group results did not show any differences
from the control group.

LDL level (mg/dl)

Compared to WP and the control, ND exhibited higher levels of LDL (p <0.001). Similarly,
LDL levels of the Comb group showed the highest, and similar LDL values were found in
the WP and control groups.

VLDL level (mg/dl)

The ND treated group exhibited greater levels of VLDL (p< 0.001) when compared with WP
and the control groups. In contrast, the Comb group showed the highest significant increase
rather than other groups. While the VLDL levels in the WP and control groups were
comparable.
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Table 2  Statistical comparison between mean values of total lipid profile (TC, TG, HDL, LDL,

and VLDL) in control negative, nandrolone decanoate, whey protein, and combined groups after

Parameter Groups N Mean S.D F P P1 P2 P3
CN 5 94.6 T —

WP 5 96.5 2.14 So0t 0159 % e

<0.

TC (mg\d) ND S.1218 1093 o <0.001 %%+ 0.001%%% e
COMB 5 160.1 6.84 <0.001*** <0.001*+** <g'ff :

CN 5 73.6 e —

WP 5 75.4 2.98 0323% e e

TG (mg\dl) ND 5 119.8 6.22 <0.001 0,001 #** <0001 **¥* e
Comb 5 1426 106 1383 <0.001 *** 0.003 ** <0.001

CN 5 45.8 s = S

WP 5 44.8 2.55 0,001 0531 * e

HDL (mg\dl) ND 5 36.9 2.04 20 0.001 ** X E—
COMB 5 332 148 24 <0.001 *** 0.01 ** <0.001

CN 5 343 05 5=

WP 5 354 0671 0,001 0221 * e

LDL (mg\dl) ND 5 42.21 1.12 sk <0.001 *** <0.001 *** .
Comb 5 46.99 431 347 <0.001 *** 0.04 ** Off :

CN 5 1671 T e —

WP 5 1778 2.67 0,001 0529 % e

VLDL (mg\d) ND 5 25.8 1.51 0.0¢ <0001 *** <0.001 **¥ e
Comb 5 33.5 3.13 485 <0.001 *# 0.007 ** <0.001

4 weeks of the study using ANOVA test and LSD

CN: control negative, Comb: Combined group, F : F value (ANOVA test),HDL: high density lipoprotein, LDL: low density lipoprotein,
N: number of rats, ND: nandrolone decanoate group ,P1: the difference between the control negative group and other groups, P2: the
difference between the WP group and other groups, P3: the difference between the ND group and other groups, SD: standard deviation,
TC :total cholesterol, TG: triglycerides, VLDL: very low density lipoprotein, WP: whey protein group, *: P >0.05 means are not
significant, ¥*: P <0.05 means are significant, ¥***: P <0.001 means are highly significant

Oxidative Stress Parameters (Table 3)
MDA level (nmol/ml)

Furthermore, the findings revealed that the MDA levels in the WP group were more elevated (p
<0.001) than in the control group. Similarly, the ND group showed a remarkable increase compared
to the WP and control groups. In addition, the MDA levels were considerably elevated in the Comb
group compared to the other groups.

SOD level (U/ml)

On the other hand, the SOD levels had a depletion in the WP group than in the control group (p<
0.001). At the same time, the ND group had a significant reduction compared to the WP and control
groups. The SOD level in the Comb group fell statistically significantly compared to the other
groups.

GPx level (U/mg heart tissue)
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A lower level of GPx was observed in the WP group than in the control group (p<0.001). The ND
group experienced a significant decline compared with the WP and the control group. Similarly,
GPx levels dropped significantly in the Comb group compared to the other groups.

Table 3  Statistical comparison between mean values of oxidative stress parameters (MDA,
SOD, and GPx) in control negative, nandrolone decanoate, whey protein, and combined groups

after 4 weeks of the study using ANOVA test and LSD

Parameter Groups N Mean S.D F P P1 P2 P3
CN 5 5.96 0.016 —_— e
MDA WP 5 8.42 0.74 <0.001 *** e s
181.7 <0.001
(nmol/ml) ND 5 10.94 0.99 <0.001 *** 0.002 ** e
skksk
Comb 5 154 0.49 <0.001 *** <0.001 #xx  <0-001
CN 5 161.2 254 e e e
WP 5 130.8 2.37 <0.001 ***  ceeeeemeee
SOD (U/ml) 566.4 <0.001
ND 5 100.8 4.59 <0.001 *** <0.001 *** oo
skksk
Comb 5 82.2 3.05 <0.001 *** <0.001 *** <?k',?£1
CN 5 215.5 355
WP 5 186.4 2.65 <0.001 *** oo s
GPx (U/mg) 144.6 <0.001
ND 5 144.7 2.77 <0.001 *** <0.001 *** oo
skeksk
Comb 5 120.8 1.98 <0.001 *** <0.00] *xx  ~0.001

CN: control negative, Comb. Combined group, F : F value (ANOVA test),GPx: glutathione peroxidase, MDA: Malondialdehyde, N:
number of rats, , ND: nandrolone decanoate group ,P1: the difference between the control negative group and other groups, P2: the
difference between the WP group and other groups, P3: the difference between the ND group and other groups, SD: standard deviation
,SOD: superoxide dismutase, WP: whey protein group, *: P >0.05 means are not significant, **: P <0.05 means are significant, ***:
P <0.001 means are highly significant
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Cardiac Cytotoxic Markers (Table 4)
LDH level (nmol/ml)

The results showed that the WP group had higher LDH levels than the control group (p<0.001).
There was a significant rise in the ND group when compared to the WP and control groups. In the
Comb group, the level of LDH was significantly higher.

CK-MB level (nmol/ml)

Furthermore, in the WP group, CK-MB levels were more elevated than in the control group
(p<0.001). The ND group showed a significantly higher increase than the WP and control groups.
Comparatively to the other groups, the Comb group had a significantly increased level of CK-MB

Table 4 Statistical comparison between mean values of cardiac cytotoxic markers (LDH and
CK-MB) in control negative, nandrolone decanoate, whey protein, and combined groups after

4 weeks of the study using ANOVA test and LSD

Parameter Groups N Mean S.D F P P1 P2 P3
CN 5 154.2 471 e e
WP 5 277.5 2.11 <0.001 *k% o
<
LDH 0.001
ND 5 1165.5 12.5 174.8 <0.001 *** <0.001 ***x
(nmol/ml) : : . : :
<0.001
Comb 5 1412.7 11.5 <0.001 *** <0.001 ***
kksk
CN 5 554 384 e
WP 5 117.1 5.35 <0.001 *** e e
<0.001
CK-MB 0.00
ND 5 460.4 6.98 185.9 <0.00] *** <0.001 *** oo
(nmol/ml) : : . : .
<0.001
Comb 5 855.4 7.3 <0.001 *%** <0.001 *%**

skokck

CK-MB: creatine kinase-MB, CN: control negative, Comb: Combined group, F : F value (ANOVA test), LDH: lactate dehydrogenase ,
N: number of rats, ND: nandrolone decanoate group ,P1: the difference between the control negative group and other groups, P2 the
difference between the WP group and other groups, P3: the difference between the ND group and other groups, SD: standard deviation
, WP: whey protein group, *: P >0.05 means are not significant, **: P <0.05 means are significant, ***: P <(0.001 means are highly
significant
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Histological Results

The histopathological results of hematoxylin and eosin-stained left ventricle sections from the
control group showed acidophilic, branching, and anastomosing cardiac muscle fibers with centrally
located vesicular nuclei, narrow interstitial spaces, and little flattened nuclei of fibroblast (Fig. 2a).
Fig. 2b represented areas of wavy muscle fibers with vacuolated myocytes in the WP group. Other
sections revealed some areas of separated muscle fibers, widened endomysium plus areas of mild
inflammatory cellular infiltrates (Fig. 2¢). In the ND group, disarrayed and wavy myofibers beside
others with hyalinosis separated with abundant inflammatory cells and dark flat nuclei of fibroblasts
(Fig. 2d). Moreover, dilated congested blood vessels were noticed in-between multiple wavy
myofibers, besides some muscle fibers, were separated with many dark flat nuclei of fibroblasts in
the field (Fig. 2e). In addition, the left ventricular muscle of the Comb group revealed an obvious
vacuolation separating multiple pale acidophilic degenerated myocytes with some areas of wavy
myofibers (Fig. 2f). Fig. 2g reflecting that this section revealed a large dilated congested blood
vessel within fields of wavy muscle fibers beside others with eosinophilic hyaline degeneration,
some vacuolated myocytes, and infiltrates of inflammatory cells. Moreover, extensive wavy
myofibers were investigated beside other disorganized fibers with widened endomysium in-between
and pale acidophilic degenerated myocytes areas in comb group (Fig. 2h).

In the control group, Mallory trichrome-stained left ventricle sections displayed few small collagen
fibers between cardiomyocytes (Fig. 3a). Regarding the WP group, thin collagen fibers were noted
in the interstitial between cardiomyocytes and around blood vessels (Fig. 3b). Similarly, in the ND
group there were increased collagen fibers between the cardiomyocytes and around blood vessels
(Fig. 3c¢). Furthermore, the examination of Comb group sections showed a marked increase in
collagen deposition between the cardiomyocytes and around blood vessels (Fig. 3d).

The immune localization of anti-caspase-3 antibodies in the left ventricle of the control group
revealed a small grade of caspase-3 expression (Fig. 4a). Also, the WP group showed a minimal
degree of caspase expression (Fig. 4b). While the ND group, a moderate degree of caspase
expression was noticed (Fig. 4c¢). Conversely, in Comb group there was an extensive caspase- 3
expressions in left ventricular fields (Fig. 4d).

Morphometric Results

In the H&E-stained slices, the WP rats had a non-significant change in the number of cardiomyocyte
nuclei compared to the control. Furthermore, a significant reduction was detected in the ND group
compared to the control and the WP groups. Also, compared to the other experimental groups, in the
Comb group, the mean values of the number of cardiomyocytes nuclei / high power field declined
significantly (Fig. 2i)

In Mallory trichrome-stained sections, the WP rats reflected a non-significant difference in the area
of collagen distribution compared to the control group. While the percentage of collagen dispersion
in the ND left ventricle significantly augmented compared to the control and the WP groups.
Compared to other groups, there was a significant elevation in the Comb group (Fig. 3e).

Regarding the area percentage of Caspase-3 immunoreactivity, the WP and the control groups were
non-significant concerning each other. In the ND and the Comb groups, a significant increase was
revealed in contrast to the control and the WP groups. Furthermore, a noticeable rise in the Comb
rats was demonstrated in all other rats (Fig, 4e).
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Hematoxylin and Eosin

Average number of cardiomyocytes nuclei / high

Fig. 2 Hematoxylin and eosin-stained section of the left ventricle: (a) control group; showing acidophilic, branching,
and anastomosing cardiac muscle fibers (MF) with centrally located vesicular nuclei (N), narrow interstitial spaces
(arrow), and flattened nuclei of fibroblast (F) are also seen. (b, c) WP group rats; wavy muscle fibers (W) with
multiple vacuolated myocytes in-between (V) are obvious (b). Some fields show several areas of separated muscle
fibers (arrow), vacuolated myocytes (V), widened endomysium (star), plus clumps of inflammatory cellular infiltrates
(circle) are observed (c). (d, ¢) ND group; displays disarrayed muscle fibers (MF) with areas of hyalinization (arrow),
wavy myofibers (W), multiple dark flat nuclei of fibroblasts (arrowhead) and areas of inflammatory cell (circle) (d).
Other sections show extensive areas of wavy myofibers (W) and dilated congested blood vessels (BV), separated
muscle fibers (arrow), plus multiple dark flat nuclei of fibroblasts (arrowhead) are notable (e). Comb group (f, g, h);
showing focal pale acidophilic degenerated myocytes (arrow), wavy myofibers (W) with obvious vacuolation (V) (f).
Other fields show areas of eosinophilic hyaline degeneration (arrow) in between the wavy myofibers (W), with
vacuolated myocytes (V), dilated congested blood vessel (BV), and some inflammatory cellular infiltrates (circle) (g).
Also, disorganized cardiac muscle fibers (light arrow) with pale acidophilic degenerated myocytes (broad arrow),
wavy myofibers (W), and widened endomysium (star) are detected (h). [H&E, Scale bar= 50 um]. (i) Number of
cardiomyocytes nuclei/ high power field in H& E- stained sections in all studied groups. Data are presented as mean
values (number of rats = 30)
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oN ND Comb

Fig. 3 Mallory trichrome stained section of the left ventricle: (a) In the control group, there are few small collagen
fibers between cardiomyocytes (arrow) (b) Thin collagen fibers are notable in the interstitial between cardiomyocytes
(arrow) and around blood vessels (arrowhead) regarding WP group (c) The ND group shows increased collagen fibers
between the cardiomyocytes(arrow) and around blood vessels (arrowhead) (d) Marked increase in collagen deposition
between the cardiomyocytes(arrow) and around blood vessels (arrowhead) are also seen concerning the Comb group.
[Mallory trichrome, Scale bar= 50 um|. (e) The area % of collagen distribution in Mallory trichrome-stained sections
for all groups investigated. Results are provided as mean values (number of rats = 30)
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Fig. 4 Caspase-3-stained section of the left ventricle: (a) control group: showing a small grade of caspase-3
expression (arrow). (b) The WP group shows minimal caspase expression(arrow). (¢c) the ND group reflects a
moderate degree of caspase expression (arrow). While in the Comb group, there are extensive caspase- 3 expressions
in the left ventricular fields(arrow) (d). [Immune peroxidase, Scale bar = 50um]. (e): Area % of caspase- 3
immunoreactivities in all the study groups. Data are presented as mean values (number of rats = 30)

Discussion

The nandrolone decanoate (ND) is one of the most used AAS by bodybuilders worldwide as a doping
agent to improve muscle performance or physical appearance. Typically, Individuals take doses
10 to 100 times higher than the therapeutic dose, up to 700 mg/week for an average 80 kg man,
for extended periods to enhance muscle mass; this abuse can have many adverse
consequences(15, 20)

The whey protein (WP) has become the most prominent protein supplement amongst athletes and
anyone who engages in physical activity, because it provides high percentages of energy during
exercise and significantly improving, athletic performance(5). Witard et al. (41), showed that a
dosage exceeding 40 g/day may be associated with harmful consequences in humans. Athletes
typically consume 1-2 scoops of WP daily, equivalent to 30-60 g protein/day (42).

The results indicated that the ND group gained less weight compared to the WP and the control
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groups. A study by Pereira-Junior et al.(43) found that after 4 weeks of nandrolone decanoate
there was an evident weight gain reduction than control group, and this could be attributed to
decrease in food intake or fat and lean body masses loss (44).

Regarding heart weight and heart/body weight ratio, rats of the ND and the Comb groups showed a
significant increase in comparison to the control and the WP rats, which was supported by our
morpho histometric results revealing the considerable decrease in cardiomyocytes nuclei/ high
power fields, indicating cardiac muscle hypertrophy at both physiological and histological levels.

Firstly, among the mechanisms responsible for cardiac hypertrophy following the ND treatment is an
increase in myocardial collagen content (45). Secondly, Ganesan et al. (46) found that ND
promotes nitrogen retention and amino acid reserve in the muscles, thereby encouraging an
anabolic state. Thirdly, under the influence of ND, sarcomeres were added, leading to an increase
in the volume of cardiomyocytes (47, 48).

Other underlying mechanism of AAS was described in the literature that reinforces cardiac
hypertrophy is a shift in the expression of the alpha and beta-myosin heavy chain (a-MHC/j-
MHC) isoforms caused by protracted nandrolone treatment, with or without intensive exercise.
This is demonstrated by an increase in a-MHC mRNA and the ratio of a-MHC mRNA/B-MHC
MRNA expression, as well as an elevation in monoamine oxidase (MAO) and
calcium/calmodulin-dependent protein kinase Il-activities (CaMKII-) in cardiac tissue (49).

Franqguni et al. (22) showed that myocyte hypertrophy and cardiac remodeling (related to ND) are
related to the augmentation of Angiotensin Converting Enzyme (ACE) activity and the
development of a pro-inflammatory state in animals treated with ND for 4 weeks.

In the current research, the final body weight of WP rats was higher than the control group. Similarly,
several researchers found that when female chickens were fed on dried WP for 42 days, their
body weight increased and their water consumption increased due to the high protein content (50,
51). Moreover, HIV-infected patients acquired weight more rapidly after WP administration (52).

Heart weight and heart-to-body weight ratio did not differ significantly between the WP and control
groups. The present results are in constant with Lollo et al. and Helal et al. (53, 54) as they
reported that absolute and relative heart weights did not change significantly in rats fed WPs + 6%
leucine and 10% WP, respectively. Moreover, Lollo et al. (53) explained why the heart mass
remains constant although increased anabolic pathway activation in WP intake, as long-term
activation of protein synthesis pathways in healthy animals might result in activation of catabolic
pathways like the ubiquitin-proteasome as a form of negative feedback.

In contrast, authors discovered that individuals who consumed 35% isolated WP of the total caloric
content for 6 weeks had a greater increase in cardiac mass than those who consumed 14% WP
(55). These varied results may be attributed to different diet styles. Also, they hypothesized that a
high protein diet increased muscle protein synthesis and promoted muscle hypertrophy, which
was supported by their findings.

In the WP group, the number of cardiomyocytes nuclei showed a non-significant difference when
compared to the control group. The current results agree with Chen et al. (56), who found that
neither skeletal nor cardiac myocyte hypertrophy in response to WP. Moreover, the WP could
cause muscle fiber enlargement but combine it with tension, and exercise training, which differs
in promoting muscle remodeling.
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In comparison to the WP and control groups, all serum lipids parameters in the ND and Comb-treated
groups deteriorated significantly. Tofighi et al. (57) reported outcomes similar to the present
findings, but TG levels were non-significantly changed. This may be due to dosage,
administration method (such as IM), AAS type (metabolizable or not), or species differences. To
explain current observations, Balgoma et al. (58) also discovered the formation of sphingolipids
and glycerolipids as a result of the AAS-induced decrease of several intracellular proteins
expression. Furthermore, androgen interactions may stimulate production of de novo fatty acids
and cholesterol by enhancing the expression of 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-
CoA) reductase and the LDL receptor (58). Apo-lipoprotein B (ApoB), the precursor of LDL and
VLDL, appeared to rise after a single dose of ND, and this effect persisted two weeks later (16).

Regarding lipid profile investigation, the WP group had a non-significant difference in all lipid profile
mean values compared to the control group. These results are in harmony with Pal et al. (59), who
stated that a single oral dose of 45 g of WP isolates had no effect on TC, LDL-C, and HDL-C in
obese women. However, they noticed that TG levels were significantly decreased, which may be
attributed to some factors, such as training and caloric restriction.

The nandrolone decanoate (ND) group exhibited increased oxidative stress in the form of elevated
MDA and decreased SOD and GPx. The outcomes were consistent with those of Riezzo et al.
(60), who described that intramuscular injection of ND at concentrations of 1.875 and 5 mg /kg
for 42 days, twice a week, exhibited elevated MDA levels and reduced antioxidant defense. It can
be clarified that ND alters the physiological redox state's homeostasis and encourages ROS (61).

In the present work, the WP-treated rats induced oxidative stress after a short period. Moreover, many
inflammatory cytokines, including Interleukin 1,6 (IL-1,6) and TNF-a, were elevated in the liver
after four weeks of the WP administration at a dose of 252 g/kg without practice (7).
Inflammation also contributes to oxidative stress by impairing antioxidant defenses and increasing
TNF- and TGF- levels (62). Under the effect of ROS, chemokine up-regulation, leukocyte
integrin stimulation, and surface adhesion molecules attract migrating inflammatory cytokines
and fibroblast precursors to endothelial cells (63). On the contrary, Brown et al. (64) indicated
that when males took 33 g/day of WP equivalent to one scoop, WP had no effect on radical
scavenging capacity. This difference may be attributed to variations in species (human), smaller
doses, and training activities.

Our research aligned with those of Camiletti-Moirén (65), who emphasized that anabolic androgenic
steroids combined with a high-protein diet damage renal function and the central nervous system
by oxidizing protein and lipids. However, oxidative deoxyribonucleic acid (DNA) or
chromosomal aberrations were unaffected by the use of AAS or protein powders; these conditions
may be responsible for compensatory mechanisms in highly active people, such as enhanced
expression of DNA repair processes and improvement of antioxidant potential, as suggested by
Shafi et al. (66).

The treated groups had higher LDH and CK-MB levels compared to the control group. Numerous
cardiac enzymes, including CK-MB and LDH, are found in the myocardium. In the WP, lipid
peroxidation caused an increase in these cardiac cardiotoxicity enzymes (67), so their elevation
can be used to diagnose myocardial injury. Similar findings were reported by Tousson et al. (68),
who stated that AAS increased NADPH oxidases, thereby increasing oxidative stress and cardiac
damage. In addition, Aydn et al. (69) demonstrated that co-treatment with acrolein (hazardous
substance has the same specific toxicological mechanism as ND) and WP had a negative
influence on myocardial injury markers, such as CK-MB and LDH.

In current experiment, microscopic examination of the left ventricular specimens from rats of the ND
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group revealed the following histopathological changes: disarrayed muscle fibers with areas of
hyalinization, wavy myofibers, multiple dark flat nuclei of fibroblasts, areas of moderate
inflammatory cells in addition to separated muscle fibers, and dilated congested blood vessels.
Germanakis et al. (70) connected these histopathological effects in the heart of rabbits after AAS
(1g/kg/day) intake to the ND-induced changes in local myocardial oxidative stress response.
Some researchers emphasized that these cardiac myopathy alterations are associated with
dyslipidemia, corresponding with enhanced NF-xB and hypoxic-ischemic factor (HIF-1)
production (71, 72).

Regarding the left ventricle of the WP group, it displayed undulating muscle fibers and vacuolated
myocytes. Other sections revealed some areas of separated muscle fibers, enlarged endomysium,
and mild inflammatory cell infiltration. Girgen et al. (7) observed inflammatory markers and
hepatotoxicity in rats that consumed 252 g/kg of WP for 4 weeks. Additionally, Mustafa et al.
(73) reported an expansion of renal tubules and a widening space around glomeruli with
glomerular segmentation after 30 days of 1 and 2 g/kg WP consumption. These renal changes
mimic our findings in the cardiac muscle, which include a widened endomysium and separation
of muscle fibers.

In the left ventricle sections of ND treated rats, deposition of collagen fibers increased significantly,
accompanied by moderate caspase expression. In investigations of athletes who abused ND, areas
of cardiac fibrosis were identified as the most characteristic pathological change (74). Caspase
induces apoptosis via aspartate-directed cysteine-dependent proteases. Proteases break the
cytoplasmic and nuclear structural components of cardiac cells. Apoptosis of myocytes has been
demonstrated as an incomplete process (75). In the absence of nuclear fragmentation, there is a
possibility of continuous cytoplasmic protein loss allowing cardiomyocytes to survive for
prolonged periods. Actin | and Il are proteins that are vulnerable to early loss (76).

Concerning the Comb group, microscopic examination of the left ventricle specimens revealed the
presence of acidophilic, degenerated myocytes with prominent vacuoles. Some sections showed
areas of eosinophilic hyaline degeneration between the undulating myofibers, along with dilated
congested blood vessels, extensive inflammatory cellular infiltrates, disorganized cardiac muscle
fibers, and widened endomysium in addition to an extensive heavy expression of caspase-3 in
cardiac muscle fibers.

Some bodybuilders who consumed WP supplements with ND, suffered from an acute renal injury.
Their kidney biopsies revealed interstitial fibrosis, inflammatory lymphocytic infiltrations, and
acute tubular necrosis (77).

Conclusions and Recommendations

To conclude, as displayed by histopathology, albino male rats exposed to short-term
supraphysiological doses of ND and WP resulted in structural changes in their cardiac muscle,
including inflammation, fibrosis, and apoptosis. Besides dyslipidemia, an unbalanced redox
system and increased oxidative stress were also present. Under these conditions, the oxidant
chemical MDA was elevated, and the antioxidant defenses SOD and GPx were depleted.
Furthermore, the Comb group had the highest levels of histological structural modifications and
biochemical disturbances of all other experimental rats; therefore, we believe athletes and
bodybuilders need to make better choices about their cardiac health:

1. Athletes should be cautious when taking AAS along with a high-protein diet like WP, particularly
if not under the supervision of a physician.

2. It is advised to take other substitutes that are available as plant-based foods with fewer calories
than animal sources to meet daily protein needs, like soybeans and quinoa.

3. Instead of synthetic anabolic androgenic steroids, athletes can depend on natural plant sources or
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vitamins with anabolic properties for building muscles and recovering fast after training, like
Ashwagandha, Ginseng, Zinc, Magnesium, and Vitamin D.
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