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The effects of branched chain amino acid supplement on 
kidney tissue of exercising rats
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ABSTRACT
Introduction: One of the supplements 
used in exercise programs are 
branched-chain amino acids (BCAAs), 
which are preferred because of their 
effect on the regeneration of muscle 
protein synthesis. However, due to 
their properties, BCAAs increase their 
amount in the blood in a short time. 
In this case the result may increase the 
workload of the kidneys. Based on the 
information, this study investigated 
the effects of resistance exercise and 
BCAA supplements on kidney tissue. 
Methods: A total of 24 Wistar Albino 
male rats were equally divided into 4 
groups: Control, BCAA, Exercise and 
Exercise + BCAA. In the six-week 
study, resistance swimming exercise 
was applied to the exercise groups. 
BCAA supplementation was given 
to BCAA groups at 2.5 mg/kg doses 
before exercise. At the end of the study, 
histological, immunochemical and 
RT-PCR analyzes were performed. 
Results: As a result of the findings, 
it was found that the use of BCAA 
supplements together with exercise 
caused tubular necrosis (p=0.002). 
There was a significant increase in 
caspase 3 IHC staining findings in 
BCAA and Exercise + BCAA groups 
compared to the control group 
(p=0.011; p=0.02). In addition, KIM-
1 expression levels were higher in 
the Exercise group than in all other 
groups (p=0.004; p = 0.003; p=0.008). 
Conclusion: As a result, BCAA 
consumption with resistance exercise 
caused damage to kidney tissue.

KEYWORDS: resistance exercise; 

kidney damage; caspase 3; branched 
chain amino acids; KIM-1

RESUMEN
Introducción: Uno de los 
suplementos utilizados en los 
programas de ejercicio son los 
aminoácidos de cadena ramificada 
(BCAA), los cuales son preferidos 
por su efecto en la regeneración de la 
síntesis de proteínas musculares. Sin 
embargo, debido a sus propiedades, 
los BCAA aumentan su cantidad en 
la sangre en poco tiempo. En este 
caso, el resultado puede aumentar la 
carga de trabajo de los riñones. Con 
base en la información, este estudio 
investigó los efectos del ejercicio 
de resistencia y los suplementos de 
BCAA en el tejido renal. Métodos: 
Un total de 24 ratas macho Wistar 
Albino se dividieron por igual en 4 
grupos: Control, BCAA, Ejercicio y 
Ejercicio + BCAA. En el estudio de 
seis semanas, se aplicó ejercicio de 
natación de resistencia a los grupos 
de ejercicio. La suplementación con 
BCAA se administró a grupos de 
BCAA en dosis de 2,5 mg/kg antes 
del ejercicio. Al final del estudio, 
se realizaron análisis histológicos, 
inmunoquímicos y RT-PCR. 
Resultados: Como resultado de los 
hallazgos se encontró que el uso de 
suplementos de BCAA junto con el 
ejercicio provocó necrosis tubular 
(p=0.002). Hubo un aumento 
significativo en los hallazgos de 
tinción IHC de caspasa 3 en los 
grupos BCAA y Ejercicio + BCAA en 
comparación con el grupo de control 
(p = 0,011; p = 0,02). Además, 
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los niveles de expresión de KIM-1 fueron más 
altos en el grupo de ejercicio que en todos los 
demás grupos (p = 0,004; p = 0,003; p = 0,008). 
Conclusión: Como resultado, el consumo de 
BCAA con ejercicio de resistencia causó daño al 
tejido renal.

PALABRAS CLAVE: ejercicio de resistencia: 
daño renal; caspasa 3; aminoácidos de cadena 
ramificada; KIM-1

INTRODUCTION
Exercise is defined as the whole of regular, 

planned, rhythmic and purposeful movements.
(1) Exercise can be used for therapeutic purposes 
and as well as a prevention against diseases. In 
addition, exercise can be used to lose weight 
and achieve aesthetic appearance.(2-4) To achieve 
these goals, people often prefer for programs 
that include heavy exercise and diet. In addition, 
some people use dietary supplements to achieve 
their goals in less time. Some of the commonly 
used nutritional supplements have been noted 
to be protein powder, L-carnitine, whey protein, 
creatine, and branched chain amino acid (BCAA) 
supplements.(5)

BCAAs composed of leucine, isoleucine, 
and valine amino acids have anabolic and anti-
katabolic effects.(6-8) Therefore, they are often 
used as supplements in exercise which aimed at 
bodybuilding or increasing muscle strength.(9) In 
contrast to other amino acids, BCAAs are not 
metabolized in the liver and are entered directly 
into the circulation. Therefore, when they are 
consumed, their amount in the blood increases 
rapidly.(6, 10) Nephrons, the smallest functional 
unit of the kidney, are structures that filter the 
blood and try to retrieve all the useful substances 
in it. Amino acids, which are main structure 
matter of the body, are too important molecules 
to be excreted in the urine that it wants to reclaim 
all the nephrons. For this reason, amino acids 
taken into the body with BCAA supplementation 
and quickly passed into the blood are likely to 
increase infiltration and reabsorption workloads 
of nephrons.

The main cause of kidney disease 
pathophysiology is cell death. Because of kidney 
damage, cell death can occur in different 
parts of the kidney, and these deaths can be of 

different types in cells. The processes mediated 
by cell death occur through apoptosis, necrosis, 
and autophagy. When the relationship between 
kidneys and apoptosis is examined, it is stated 
that although it is common in the developmental 
stage, it is almost never seen in mature kidneys.
(11) Thus, apoptosis is usually a good biomarker for 
kidney damage in adult kidneys.

Another molecule that can be used as a 
biomarker for kidney damage is glycoprotein-
structured Kidney Injury Molecule-1 (KIM-1). 
KIM-1 molecule, which is normally expressed 
at low levels in adult individuals, is localized in 
the proximal tubules. Expression levels increase 
in possible proximal tubular damages. Because of 
this property, it can be used as a specific biomarker 
for proximal tubular damage.(12-13)

Based on this information, this experimental 
study was conducted to investigate the 
possible effects of resistant exercise and BCAA 
supplements on kidney tissues in terms of 
apoptosis and KIM-1.

Materials and methods
1.	Animals

Twenty-four male Wistar albino rats (230-
250 g), 2 months old, were used in the study. 
During the experiment, animals were housed in 
an animal room maintained at a temperature of 
22 °C, in 12-hours light periods, and a standard 
commercial pellet feed and tap water were provide 
ad-libitum. 

The experiment was carried out Çanakkale 
Onsekiz Mart University Experimental Research 
Application and Research Center (ÇOMÜDAM). 
All animal procedures were approved by the 
Institutional Animal Care and Use Committee of 
Çanakkale Onsekiz Mart University (Approved 
number: 2019/09-02) in line with Guide for the 
Care and Use of Laboratory Animals (8th ed., 2011).

2.	Experimental Design
Animals were randomly divided into 4 equal 

groups, 6 animals in each group:
Group I (Control): No application (n=6).
Group II (BCAA): The animals were given 

BCAA supplements every day for 6 weeks (n=6).
Group III (Exercise): The animals were 

undergoing resistant swimming exercises 5 days 
a week for 6 weeks (n=6).

Group IV (Exercise+BCAA): The animals 
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were given BCAA supplements every day for 
6 weeks and underwent resistant swimming 
exercises 5 days a week for 6 weeks (n=6).

3.	Preparation and Application of BCAA 
Supplements
BCAA supplementation was prepared by 

mixing L-leucine, L-isoleucine, and L-valine 
(Sigma-Aldrich) in a ratio of 2:1:1. No fats or 
carbohydrates were added to the supplement. 
Based on research by Lu et al., prepared 
supplement was given by oral gavage at a dose of 
2.5 mg/kg, just before exercise every day during 
the study period.(14)

4.	Resistant Swimming Exercise Protocol
Swimming exercise was preferred in our 

study to force. Animals had to abide exercise. 5 
% of body weights was attached to the tails of 
the animals in order to make swimming exercises 
resistant. A model developed by Viera (1988) was 
used in the swimming exercise (Table 1).(15) Tail 
weights for each animal in Exercise and Exercise 
+ BCAA groups were enumerated and stored 
separately for each rat. The swimming pool was 
67.5 cm wide, 94 cm long and 64 cm high, made 
of rectangular PPC material. The approximate 
water height was set at 50±2 cm. The water 
temperature was kept between 32 ± 2oC.

neutral buffered formaldehyde for histological 
and immunohistochemical examinations.  The 
other parts immediately placed in cryovials and 
stored −80°C deep freeze for gene expression 
analysis. 

6.	Histopathological and Immunohistochemi-
cal Analysis
The kidney tissues were embedded in 

paraffin blocks after routine follow-up. 4 µm 
thick sections were taken from the prepared 
tissue blocks. The sections taken were stained 
with Hematoxylin&Eosin (H&E). In addition, 
the positively charged slides were taken at 4 µm 
thickness and immunohistochemically (IHC) 
stained with Caspase 3 (CPP32) Ab-4 primary 
antibody (1/200 dilution, Catalogue no: #PA5-
77887, Thermo Scientific). Histopathological 
assessments were performed with camera-
attached microscope (Cx43, Olympus, Japan). 
Damage was assessed using tubular necrosis 
and vacuolization parameters of H&E staining 
sections. In H&E staining, a cross-section taken 
from each animal was graded according to the 
criteria of tubular necrosis and vacuolization.(17) 
H&E results were graded, as previously described 
in the literature, as follows:

0 = No damage
1 = Mild damage
2 = Moderate damage
3 = Severe damage(17-18)

According to their immune positivity in the 
IHC evaluation, the sections were evaluated as 
follows:

 0= No staining, 
1= Mild
2= Moderate
3= Severe(18) 

7.	 Gene Expression Analysis
RNA was isolated from the kidney tissues 

obtained by taking 25-30 mg and using PURE 
Link RNA Mini Kit (CatNo.121B301BA). Purity 
and concentration measurements were made 
using NanoDrop ND-1000 in the obtained RNA 
samples. As for the purity rate, values between 
1.8-2.1 were accepted from the RNAs measured 
at 260/280 nm.

cDNA synthesis was performed from the 
respective RNAs using the cDNA kit (High-

Table 1. Exercise session duration and used lifts(16)

Training Week Session Duration Used Weight

1. Week 20 Minute no weight

2.Week 25 Minute 5% of body weight

3. Week 30 Minute 5% of body weight

4. Week 40 Minute 5% of body weight

5. Week 50 Minute 5% of body weight

6. Week 60 Minute 5% of body weight

5.	Sample Collection
At the end of the study, the animals were 

anesthetized with Xylazine (60 mg/kg) and 
Ketamine (5 mg/kg) by intramuscular injection. 
They were sacrificed by cervical dislocation in 
accordance with ethical rules. Then the kidney 
tissues were separated and divided into two parts. 
One parts of kidney tissue were fixed in 10% 
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Capacity cDNA Reverse Transcription Kit, 
Applied Biosystems ™). Quantitive Real-Time 
PCR (StepOnePlus ™ Real-Time PCR System) 
was applied using the obtained cDNA samples. 
TaqMan (RealQ Plus 2x Master Mix, Ampliqon, 
Denmark) was used for analysis of gene expression 
levels. The PCR condition was 10 minutes at 25° 
C, 120 minutes at 37° C, 5 minutes at 85° C and 
4° C infinite.(19)

Caspase-3 (Gen-Bank NC_005115.4 and 
Rn 00563902), Bcl-2 (Gen-Bank NC_005112.4 
and Rn99999125_m1) and KIM-1/HAVCR1 
(Gen-Bank NC_000005.10 and Rn00597703-
mL) genetic codes were evaluated by RT-PCR 
methods. Results were normalized using the 
beta-actin (Gen-Bank NC_005111.4 and 
Rn00667869_m1) housekeeping gene and the 2−
(ΔΔCt) formula.

8.	Statistical Analysis
Statistical evaluation of the data was 

performed using IBM SPSS Statistics SPSS 
18 (SPSS 2009) package program. The results 
were presented as mean and standard deviation 
(mean ± SD). The one-way analysis of variance 
(ANOVA) and Mann Whitney U tests were used 
to compare the groups while results of p=<0.05 

were considered as significant.  

RESULTS
1.	 Histopathological Evaluation
H&E staining revealing tubular necrosis and 

vacuolization parameters evaluation results are 
presented in Table 2. In the control group, no 
evidence of tubular necrosis or vacuolization was 
found (Figure 1.A). Although minimal tubular 
necrosis and/or vacuolization were observed in 
some cases in BCAA group, these changes were 
not statistically significant (Figure 1.B, in order 
of p=0.125 and p=0.162). Both tubular necrosis 
and vacuolization were observed in Exercise group 
and Exercise+BCAA group (Figures 1.C, 1.D). A 
statistically significant increase in tubular necrosis 
was found in Exercise group compared to Control 
group (p=0.007). Similarly, tubular necrosis 
was significantly increased in Exercise+BCAA 
group compared to Control group (p=0.002). In 
addition, the increase in Exercise+BCAA group 
was found to be statistically significant when 
compared to BCAA group (p=0.007). In terms 
of vacuolization, a statistically significant increase 
was found in the Exercise group compared to the 
Control group (p=0.026).

Table 2. Histopathological changes in kidney

Groups (Mean ± SD)

Histological findings Control BCAA Exercise Exercise + BCAA

Tubular Necrosis 0.00 ± 0,00 0.33 ± 0.51 1.17 ± 0.75* 1.67 ± 0.51*, #

Vacuolization 0.17 ± 0,40 0.33 ± 0.51 1.00 ± 0.63* 0.83 ± 0.75

H&E Staining Assessment (*p <0.05 compared to Control group, # p <0.05 compared to BCAA group)

2.	 Immunohistochemical evaluation
On the immunohistochemical staining using 

the rat anti-Caspase 3 primary antibody (Figure 2), 
there was no difference in the findings of Control 
and Exercise groups (Figures 3.A, C). Caspase 3 
concentrations increased in BCAA and Exercise 
+ BCAA groups (Figures 3.B, D). According to 
the evaluation results, a statistically significant 
increase was found in BCAA group compared 
to Control group (p=0.011). The increase in the 

BCAA group was also statistically significant 
compared to Exercise group (p=0.046). Significant 
increases were observed in Exercise+BCAA group 
compared to the control group (p=0.02).
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Figure 1. Kidney tissues sections of groups: 
A) Control; B) BCAA; C) Exercise; D) Exercise+BCAA (H&E, 200x). Vacuolization (red arrows) and 
tubular necrosis (blue arrows) areas were shown

Figure 2. Caspase 3 immunohistochemical staining assessment (*p=<0.05 compared to Control group, 
+ p=<0.05 compared to Exercise group)
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3.	 Gene Expression Levels
The result of RT-PCR is shown in Figure 4.A. 

A statistically significant decrease was observed 
in caspase 3 gene expression rates in BCAA and 
Exercise+BCAA groups compared to Control group 
(p=0.01). It was also found that Exercise+BCAA 
group decreased significantly compared to the 
Exercise group (p=0.036). Bcl-2, a genetic marker 
of apoptosis, was not statistically significant 
between the groups (p=>0.05). (Figure 4.B) 
When the findings of KIM-1’s genetic expression 
rates were examined, significant differences were 
found between the groups. KIM-1 expression was 
statistically significantly higher in Exercise group 
than the Control, BCAA and Exercise+BCAA 
groups (in order of p=0.004; p=0.003; p=0.008). 
A statistically significant increase was noted in 
Exercise+BCAA group compared to BCAA group 

(p=0.043). (Figure 4.C)

Figure 3. Kidney tissue sections stained using anti-Caspase-3 primary antibody by IHC method: A) Control; 
B) BCAA; C) Exercise; D) Exercise+BCAA (200x). The cells indicated by the blue arrow are apoptotic cells 
that are positively stained, and the cells shown by the green arrow are normal cells that are negatively stained

Figure 4. Between group changes in the gene expres-
sion levels of Caspase 3 (A), Bcl-2 (B), KIM-1 (C). The 
data were presented as 2−(ΔΔCt) relative expression 
after the mRNA levels were normalized with β-actin. 
All results are presented as mean ± SD for six rats in 
each group

(*) Compared to Control group; (#) compared to BCAA group; (&) 
compared to Exercise+BCAA group (p<0.05)
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DISCUSSION AND CONCLUSION
Exercise physiology is examined; blood flow 

to the kidneys decreases during exercise, and 
reperfusion is increased at the end of exercise. With 
this mechanism, high frequency and intensity 
exercise can damage the kidneys.(20) Moreover, it 
is reported that this situation causes a significant 
change in urinary markers indicating tubular 
kidney damage.(21) It is known that high intensity 
and resistance exercise increases creatinine and 
some metabolites by causing muscle damage.(22-24) 
Therefore, it is an expected effect to increase kidney 
workload. In our study, tubular necrosis parameter 
was used to evaluate the increase in renal workload 
and metabolites. Accordingly, we think that the 
statistically significant increase in tubular necrosis 
in the Exercise and Exercise+BCAA groups 
compared to Control group was related to the 
increased renal workload. In addition, a significant 
increase was found in Exercise+BCAA group 
compared to BCAA group. We think that the 
reason for this increase is the use of supplements 
just before exercise. The addition of exogenous 
BCAA use to the increased workload of the kidney 
can be expected to cause an increase in glomerular 
filtration and reabsorption workload.

Vacuolization is a morphological change 
in cells, also it is a component of autophagy.
(25) Autophagy is an intracellular recycling 
system that plays a role in clearing damaged 
cell components. Exercise is also described as 
one of the stimuli that induces autophagy. The 
reason why exercise induces autophagy is to limit 
tissue damage during exercise, maintain tissue 
continuity, and limit inflammatory responses.
(26) As a result, vacuolization can reduce cell 
activity in kidney cells, as well as lead to cell 
death because of autophagy. In addition, it is 
known that there are some changes in the fluid-
electrolyte balance after heavy exercise.(27) Among 
these changes, especially a serious decrease in 
potassium has been revealed by studies. Although 
the mechanism of hypokalaemia that occurs after 
potassium loss leads to kidney disease is not clear, 
it is histologically associated with vacuolization.(28-

29) In our study, a statistically significant increase 
was found in Exercise group compared to Control 
group in terms of vacuolization. The significant 
increase in vacuolization observed in this group 
might have been caused by potassium loss after 

intensity exercise.
Caspase 3 is one of the primary mediators of 

apoptosis. It can be activated both by extrinsic and 
intrinsic pathways.(30) For this reason, caspase 3 
was evaluated by both IHC and RT-PCR methods 
in our study. The evaluation of the results attract 
attention. The first point is that the number 
of positively stained apoptotic cells in BCAA 
supplement groups was higher than that in the 
other groups. In addition, caspase-3 expression 
rates were decreased within these groups. The RT-
PCR method shows the active gene regions, while 
the IHC method shows the amount of protein in 
cells regardless of the relevant gene region. If there 
is enough protein in the cell, the gene regions close 
by becoming inactive. Therefore, RT-PCR results 
showed that apoptosis was not inhibited, leading 
to the deactivation of high levels of caspase-3 
in gene regions. Furthermore, caspase 3 is a 
substance released as an inactive precursor in the 
form of procaspase 3. Activated by active caspase 
8 or 9 in the environment, it becomes caspase 3.(31-

32) Caspase 3, which determined by IHC, exists 
already present in the cell. However, with gene 
expression synthesis is produced that procaspase 
3. When these findings are evaluated together, it 
is thought that BCAAs activate the procaspase 3 
present in the cell and show the effect of directing 
the cells to apoptosis. Similarly, Viana et al. in 
their study, it stated that in rats fed a rich leucine 
diet and formed tumours, the increased amount 
of leucine also increased oxidative stress.(33) It 
suggests that leucine found in BCAA supplements 
similarly activates procaspase 3’s by increasing 
oxidative stress. Another possibility for procaspase 
3 activation may be the absence of other amino 
acids other than BCAA. Damaged cells cannot 
repair themselves due to insufficient amino 
acids and therefore go to apoptosis by caspase 3 
activation. In short, BCAAs can be the cause of 
apoptosis as secondary, even if they are not the 
primary cause. Another point is that although 
active caspase-3 was not observed in Exercise group, 
Caspase-3 expression was increased compared 
to Exercise+BCAA group. This finding suggests 
that exercise and BCAAs have antagonistic 
effects on the mechanism of apoptosis. In other 
words, exercise does not directly cause apoptosis 
but prepares the environment for other stressors 
such as low glucose levels, oxygen deficiency 
and increased ADP levels. According to these 
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findings, the use of BCAA in combination with 
high intensity resistance exercise can cause serious 
kidney damage in people with a predisposition.

Another molecule involved in apoptosis is Bcl-
2, which is involved in the intrinsic pathway. Bcl-
2, a pro-apoptotic protein, is often examined in 
apoptosis.(34) Our findings concluded that BCAAs 
showed no activity in apoptosis mechanisms 
over Bcl-2 expression. Research involving other 
molecules is also needed to further examine the 
effectiveness of these results in relation to this 
mechanism.

KIM-1, which is known to increase kidney 
damage, can be used as a sensitive marker for the 
identification of acute tubular damage, especially 
in proximal tubules.(35) In the results of KIM-1, 
a statistically significant increase was observed in 
Exercise group compared to all other groups, and 
in Exercise+BCAA group compared to only BCAA 
group. When KIM-1 expression findings and 
histopathological findings are evaluated together, 
they show that there is a connection between 
proximal tubular damage and exercise. It suggests 
that the damage caused by the consumption of 
BCAAs with exercise may be in other parts of 
the kidney, such as the bowman’s capsule and 
glomerular membrane.

As a result, the use of BCAA supplements 
before resistant exercise causes some damage 
to the kidneys. From a molecular point of view, 
exercise provides the cellular basis for apoptosis, 
while BCAAs affect caspase-3 activation, leading 
to kidney damage. Therefore, it is suggested that 
it should be investigated whether the use of BCAA 
supplements causes possible kidney damage in 
individuals if they are used at rest, not before 
exercise. Our study is the first study investigating 
the link between BCAA consumption in kidney 
tissues in resistant exercises and demonstrating 
that KIM-1 expression levels increase with exercise 
because of the parameters and findings examined. 
As a result of these data, we believe that more 
experimental and clinical studies are needed to 
understand the mechanisms, clarify, and confirm 
our evidence.

Limitations of this study include the 
experimental design and the lack of some parameters 
such as creatinine levels, Bax expression levels, 
glomerular filtration rates and serum potassium 
levels. On the other hand, both histopathological 
and genetic evaluations constitute an important 

strength of our study. Based on this study, extensive 
studies are needed regarding the effects of exercise 
and BCAA supplements at different doses and at 
different times.
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