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Abstract

Background
The aim of this study is to explore the effects of ingesting protein supplementation before endurance
exercise.

Methods
10 recreationally active male runners (VO2max: 53.61±3.86 ml/kg•min) completed a run-to-exhaustion test
three times. Each test involved 90 minutes of running at 70% VO2max, followed by a time to exhausted
test for running at 80% VO2max. All subjects ingested three different, randomly assigned, supplement
before the rst phase. At the end of the rst phase, CHO (carbohydrate) + CHO; PRO (protein) + CHO; CHO
+ PRO. Both carbohydrate and protein were supplemented at 0.4g•kg− 1BM− 1. Blood samples were
obtained before, immediately after and 24 h after exercise for alanine aminotransferase (ALT), aspartate
aminotransferase (AST), creatine kinase (CK), and myoglobin (MB).

Results
Three different supplement regimens did not cause a signi cant difference in exhaustion time (CHO +
CHO: 432.36 ± 225.51s; PRO + CHO: 463.82 ± 227.45s; CHO + PRO: 461.45 ± 248.5s). However, ALT and
AST in PRO + CHO were signi cantly lower than CHO + CHO 24h after exercise (ALT: 16.8 ± 6.31 VS. 24.39
± 2.54 U/L; AST: 24.06 ± 4.77 VS. 31.51 ± 7.53 U/L, p < 0.05), and MB in PRO + CHO and CHO + PRO were
signi cantly lower than CHO + CHO 24 h after exercise (40.71 ± 15.16; 38.12 ± 14.32; 64.32 ± 28.86
ng/mL, respectively, p < 0.05). Compared to CHO + CHO, CK in PRO + CHO increased less 24 h after
exercise (404.22 ± 75.31 VS. 642.33 ± 68.57 U/L, p < 0.05).

Conclusion
Although combined carbohydrate and protein supplementation did not prolong exhaustion time, it can
effectively relieve muscle damage, and it is better to supplement PRO before exercise.

Introduction
As a direct energy supply substance in exercise, the content of endogenous carbohydrate is closely tied to
endurance performance, increasing the amount of endogenous carbohydrate that can enable endurance
athletes to have su cient energy supply during the competition(1, 2).
Recently, studies have suggested that compared to carbohydrate supplementation alone, adding protein
in traditional carbohydrate supplementation can improve endurance performance better(3–5). However,
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the physiological mechanism of improving endurance performance is unclear. Studies found that
combined supplementation of carbohydrate and protein can stimulate higher insulin response(6, 7), and
glucose transport is primarily stimulated by insulin and muscle contraction(8). Therefore, some
arguments suggest that additional protein increases insulin, which improves muscle glycogen synthesis
for endurance performance(3, 4, 9). Similar research(4) have also found that muscle injury biomarkers,
such as creatine kinase, myoglobin, appear to be lower, thereby suggesting that the intake of additional
protein can reduce muscle damage and improve endurance performance. However, in those researches
that found carbohydrate plus protein can improve endurance performance, there is a problem of unequal
calories, which makes it di cult to explain whether this bene t comes from protein or other factors.(3–5,
10, 11).
For strength training, ingesting 20-40g of high-quality protein immediately after the end of exercise can
increase muscle synthesis rate and reduce muscle damage(1, 12, 13). However, for endurance exercise,
few studies clearly indicate the timing to supplement protein for endurance exercise. In studies that
explored the effect of carbohydrate plus protein supplementation on endurance performance, the timing
of supplementation is mostly during or after exercise, but few studies explored the effects of ingesting
protein supplementation before endurance exercise. Endurance exercise can cause signi cant muscle
damage due to its long distance and prolong exercise characteristics(14–17). Therefore, the main
purpose of this study is to explore the effect of carbohydrate plus protein supplementation on endurance
exercise and muscle damage at different timings in the case of equal calories.

Materials And Methods

Participants
This experiment recruited 11 recreationally active male runners from China Athletics College of Beijing
Sports University, who all train at least 3 times a week (over 6 hours). Participants were forbidden from
taking other sports supplements during the experiment and performance heavy exercise outside the
experiment. During the experiment, one subject could not complete subsequent experiments due to injury.
Therefore, a total of 10 subjects completed the entire experimental procedure. Subjects’ characteristics
are present in Table 1. Before the experiment, subjects were informed of the experimental procedures and
possible risks.
All procedures of the experiments were approved by the Institutional Review Board of Beijing Sport
University (BSU IRB).
Table 1
characteristic of subjects
Number

Age

Height(cm)

Weight (kg)

VO2max (ml/kg•min)

10

21 ± 2

175.1±4.2

62.8±5.3

53.61±3.86

Page 3/14

Preliminary measurements
The subjects went to the laboratory for the baseline test. The experiment requires that the subjects do not
perform heavy exercise for the rst three days of the baseline test and maintain a normal diet and rest
time to obtain a more accurate baseline value. The baseline test included venous blood collection,
morning urine collection and the maximum oxygen uptake (VO2max) was tested. VO2max was performed
on the running platform (h/p/cosmos Mercury4.0, Germany) by the gas metabolism test system
(COSMEDk4b2, Italy).

Experimental design
The study used a randomized crossover double-blind design with self-control. Participants performed
three running to exhaustion tests and were assigned different supplements in a random order in each
running test. There was a seven-day washout period between each test.
Thirty minutes before the test, the subjects ingested the assigned pre-running supplement. Before starting
the test, a venous blood collection was performed and muscle soreness was recorded. After completing
the rst phase of the run-to-exhaustion test, the subjects ingested mid-running supplement, then
completed the second phase of the run-to-exhaustion test. Immediately after the run-to-exhaustion test,
the subjects’ venous blood was collected, and subjective fatigue was recorded by muscle soreness. The
morning urine was collected on the second day of the exercise test, and 24 hours after the end of the test,
venous blood collection and muscle soreness recording were performed (Fig. 1).

Experimental Protocol
The run-to-exhaustion tests were performed on an indoor running platform (h/p/cosmos Mercury4.0,
Germany). The run-to-exhaustion test was divided into two phases with no time interval between the two
phases. In the rst phase, the subjects ran for 1 hour at 70% VO2max on the running platform with a slope
of 0°. After completing the 1-hour quantitative load running, the subjects ran to exhaustion at 80% VO2max
with a slope of 0° in the second phase. In the second phase, the experimenters continuously encourage to
subjects to make them as unaffected as possible in achieving true exhaustion. (Fig 2)
The subjects were supplemented with three different supplement regimens in random order on three
running tests. The three different supplement regimens were 1ingest carbohydrate at 30 minutes before
the rst phase and the end of the rst phase (CHO + CHO); 2 ingest protein at 30 minutes before the rst
phase and ingest carbohydrate at the end of the rst phase (PRO + CHO); 3 ingest carbohydrate at 30
minutes before the rst phase and ingest protein at the end of the rst phase (CHO + PRO) (Fig 2)
Solution composition
Except for the supplement provided by the experiment, the subjects did not consume any other nutritional
supplements. The three supplement regimens have the same caloric intake, and the timing of
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supplementation was 30 minutes before the rst phase and at the end of the rst phase. The protein in
the supplement is whey protein isolate (Whey protein isolate LacprodanRDI-9224, Arla Foods Ingredients
P/S) and each supplement dose was 0.4g·kg-1·BM-1. The carbohydrate was maltodextrin (Xiwang Group
China), and each supplement dose was 0.4 g·kg-1·BM-1. At the same time, the subjects were
supplemented with carbohydrate at 1.2 g ·kg-1·BM-1 during the rst phase, which was ingested every 10
minutes in the form of a liquid. All supplements were formulated with water at a concentration of 20%
and contained arti cially sweetened solution (no calorie) to make same taste. (Table 1)
The experiment conducted dietary intervention on the subjects. One day before the running test, on the
day of the test and on the day after the end of the test, the subjects were required to adhere to the
experimental dietary recommendations and record their daily calorie intake. The energy intake proportion
of the three nutrients is 50% carbohydrates, 20% proteins, and 30% fats. Finally, the daily energy intake of
the subjects was approximately 2561 ± 357.3 kcal. During the three-day diet intervention of each test, the
experiment required subjects’ food intake of the previous test to be consistent with that of the previous
test in order to reduce the effect of diet on the experimental results.
Table 2 Ingredients of supplements. Pre, 30 minutes before the rst phase; Mid, the end of the rst phase;
During CHO, the carbohydrate ingested during the rst phase
Pre or Mid protein

Pre or Mid carbohydrate

During carbohydrate

Weight (g)

25.12±2.11

25.12±2.11

5.37±6.33

Volume (ml)

125.62±10.56

125.62±10.56

376.86±31.67

Blood and urine analysis
Subjects performed a baseline venous blood collection before the start of the formal experiment, and in
the next three tests, the venous blood was obtained before each test, immediately after the test, and 24
hours after the test. Blood samples were collected into a 5 ml gel serum tube (Vacuette, Frickenhausen,
Germany). Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and creatine kinase (CK)
were determined with a fully automatic biochemical analyzer (Beckman DXI 800, Beckman Coulter,
Fullerton, CA, USA). Myoglobin (MB), insulin, testosterone (T), and cortisol (C) were measured with a fully
automatic immunoanalyzer. (Beckman DXC 800, Beckman Coulter, Fullerton, CA, USA).
Before the start of the formal experiment, the subjects collected a morning urine as a baseline value. For
three days before and after the baseline morning urine collection, heavy exercise was forbidden, and
energy intake was based on the experimental recommended diet. In the three subsequent tests, morning
urine was collected the next day after the test. 3-methylhistidine (3-MH) in urine was determined with
ELISA (BOS-47007, BOSK, China).
Statistical analysis
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SPSS 20.0 was used to analyze all the data in the experiment, and the experimental data were expressed
as mean±standard deviation. All data were tested by Shapiro-Wilk. Using repeated measurements
MANOVA to perform statistical analysis on AST, ALT, insulin, CK, T, C, and muscle soreness (VAS) to
compare these indicators on different timing (before the test, immediately after the test, 24 hours after the
test) and the differences between the three groups of supplement regimens. Exhaustion time and 3methylhistidine (3-MH) were performed through a one-way analysis of variance. When p 0.05, it is de ned
as a signi cant difference in data.

Results
Endurance performance
It can be seen from Fig. 3a that there is no signi cant difference in the time of run-to-exhaustion after one
hour of quantitative load running between the three groups, and the exhaustion time of the three groups
is about 400 seconds.
Blood and urine analyses
Figure 4a shows that the insulin concentration of the three groups before exercise was signi cantly
higher than the baseline value. Immediately after exercise, the insulin concentration of the three groups
showed a downward trend, and the PRO + CHO was still signi cantly higher than the baseline value.
However, there was no signi cant difference in insulin concentration before and immediately after
exercise between the three groups.
Compared with before exercise, the ALT and AST values of the three groups increased immediately after
exercise. ALT and AST in PRO + CHO group were signi cantly lower than CHO + CHO group immediately
after exercise (ALT: 22.75 ± 6.22 vs 31.74 ± 4.79 U/L; AST: 23.14 ± 3.3 vs 29.39 ± 5.16 U/L, p 0.05). At 24
hours after exercise, AST and ALT in PRO + CHO group were also signi cantly lower than in CHO + CHO
group(ALT: 16.8 ± 6.31 vs 24.39 ± 2.54 U/L; AST: 24.06 ± 4.77 vs 31.51 ± 7.53 U/L, p 0.05) (Fig. 4b,c).
The CK value of the three groups showed an upward trend after exercise. In the three test points, only 24
hours after exercise, the CK value of PRO + CHO was signi cantly lower than CHO + CHO (404.22 ± 75.31
vs 642.33 ± 68.57 U/L, p 0.05) (Fig. 4d). Compared with before exercise, the MB values of the three
groups increased immediately after exercise, but there was no signi cant difference between three
groups. At 24 hours after exercise, the MB values of PRO + CHO and CHO + PRO were signi cantly lower
than CHO + CHO (PRO + CHO: 40.71 ± 15.16 ng/mL; CHO + PRO: 38.12 ± 14.32 ng/mL; CHO + CHO: 64.32
± 28.86 ng/mL, p 0.05) (Fig. 4e).
At immediately after exercise, the T and C values were signi cantly higher than before the exercise, and
24 hours after exercise, the T and C values decreased. However, there were no signi cant differences in T
and C values in different treatments.
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In different treatments, 3-MH was signi cantly higher than the baseline value 24h after exercise (Base
line: 122.00 ± 14.64; PRO + CHO: 142.10 ± 15.81; CHO + PRO: 128.98 ± 8.8; CHO + CHO: 124.65 ± 15.45.
p 0.05), and the 3-MH value of PRO + CHO, CHO + PRO was signi cantly lower than CHO + CHO(p 0.05).
(Fig. 3b)
In Fig. 3c, the VAS values of three groups at immediately after exercise and 24 h after exercise were
signi cantly higher than before exercise (p < 0.05). There was no signi cant difference in VAS values
between the three groups at immediately after exercise, but 24h after exercise, the VAS of PRO + CHO and
CHO + PRO was signi cantly lower than CHO + CHO (p < 0.05).

Discussion
Endurance performance
Compared with consuming carbohydrate alone, ingesting additional protein groups did not signi cantly
improve endurance performance. The three groups had the same caloric intake, which may be the reason
why we did not nd improved performance like previous studies did. The other reason may be related to
exercise intensity. In this experiment, the subjects exercised to exhaustion at 80% VO2max. Ferguson et al.
(11) suggests that compared to carbohydrate supplementation alone, carbohydrate plus protein can
improve aerobic endurance during exercise intensity near the ventilatory threshold.
In addition, there was no signi cant difference in insulin concentration between the three groups before
and immediately after exercise. In this experiment, the supplement of carbohydrate and protein in this
experiment was performed separately. However, those experiments that found the combination of
carbohydrate and protein supplementation can enhance the insulin response, carbohydrate and protein
are ingested at the same time (7, 18). This may be the reason why we did not nd a difference between
the three groups of insulin. In the study by McCleave et al.(5), although the exhaustion time of
carbohydrate plus protein was longer than carbohydrate supplement, and the blood glucose
concentration of carbohydrate plus protein was signi cantly lower than carbohydrate supplement, they
also found no difference in insulin concentration. In Ang et al.’s(19) experiments on subjects with type 2
diabetes, they found that although insulin concentrations increased, glucose uptake rates did not change.
Therefore, changes in insulin concentration cannot effectively explain changes in glycogen synthesis in
the body. Thus, the claim that endurance performance improves because of extra insulin production
caused by carbohydrate plus protein still needs further proof.
Muscle injury and fatigue recovery
Endurance exercise results in increased levels of cytokines and changes in muscle, heart, liver, and
kidneys (20–22). AST and ALT are usually analyzed in serum to assess and monitor liver damage and
possible liver virus infections. ALT is mainly found in the liver, but also found in lower amounts in the
kidney, heart, muscle, and pancreas. AST is present in the liver, but a considerable amount of it is also
present in other tissues including muscle (23). Therefore, analyzing AST and ALT in blood can observe
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the muscle damage and liver damage caused by exercise. In this experiment, ALT and AST values of the
PRO + CHO were signi cantly lower than CHO + CHO immediately after exercise and after 24 hours of
exercise. This might be explained by the fact that extra protein provides more amino acids for the muscle,
which reduce muscle cell damage caused by repeated muscle contraction during long-distance running.
In addition, protein supplementation may affect energy metabolism during exercise, so that aerobic
energy supply accounts for a greater proportion of exercise and reduces liver stress during exercise,
thereby reducing the damage to liver cells during hypoxia. On the other hand, the ALT and AST values of
the CHO + PRO were also lower than CHO + CHO, but there was no statistical difference. It seems that
protein supplementation is a better way than carbohydrate supplementation alone to reduce muscle
damage caused by running and accelerate recovery after exercise, and protein supplementation before
exercise has a better protective effect on the damage caused by long-term running.
Excessive exercise can cause delayed muscle soreness, decreased strength, and increased muscle protein
levels in the blood, including CK, lactate dehydrogenase, and MB(23). Therefore, MB, CK, lactate
dehydrogenase and other indicators are commonly used as serum markers for muscle injury to observe
muscle status (24). After sarcomere damage caused by exercise, the damaged skeletal muscle cells will
increase CK in the serum, and the CK activity in the serum will increase signi cantly 24 hours after
exercise, then gradually return(25). Although protein is not the main energy source in exercise, it still
contributes to total energy consumption during prolonged aerobic or endurance exercise(12, 26). One
hypothesis in the previous study is that the reduction of free amino acid pool in muscle tissue may cause
muscle protein breakdown(27). In this experiment, MB in ingested protein groups is signi cantly lower
than CHO + CHO at 24h after exercise. In addition, although CK in PRO + CHO and CHO + PRO is lower
than CHO + CHO at 24h after exercise, only PRO + CHO was signi cantly lower than CHO + CHO. The
reason that protein supplementation before exercise is more effective might be because the protein intake
in advance increases the concentration of amino acids in the blood, thereby reducing muscle damage
and speeding up recovery after exercise. Furthermore, in the two groups supplemented with protein, the
VAS at 24h after exercise was lower than CHO + CHO. This may be partly because the supplemented
protein increased the recovery time of skeletal muscle. On the other hand, intake of protein may increase
central neuronal neurotransmitters such as serotonin(28), thereby reducing VAS levels.
This experiment also tested the indicators of muscle injury in urine and found that the level of 3-MH in
urine in the three groups after exercise increased signi cantly compared with before exercise. After
exercise, the 3-MH level in PRO + CHO and CHO + PRO was signi cantly lower than CHO + CHO, but there
was no signi cant difference between the PRO + CHO group and the CHO + PRO group. 3-MH can re ect
the degradation of skeletal muscle protein due to muscle contraction during exercise(29). The two groups
supplemented with protein in this experiment were signi cantly lower than the CHO + CHO. A possible
explanation for this is that the protein supplement provided more amino acids during exercise than the
carbohydrate-only group, thereby resulting in attenuation of increases in 3-MH and speeded up recovery
after exercise.
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The experimental data showed that there was no signi cant difference in T and C in the three groups at
different time points. As the most active androgen in the body, testosterone can stimulate tissues to take
up amino acids and promote protein synthesis(30, 31). Overall, testosterone can promote anabolic
metabolism in the body. Studies by Beelen et al. (32)showed that although continuous endurance
exercise stimulates muscle protein synthesis, protein supplementation during continuous endurance
exercise does not increase the rate of muscle protein synthesis. Our experiment did not measure protein
synthesis indicators, but the experimental insulin results also did not appear signi cantly different among
the three groups. Another reason that the testosterone did not appear to be different may be due to
insu cient doses of protein supplements, especially leucine. Pasiakos et al. (33) observes that the
measurement of leucine will signi cantly affect muscle protein synthesis. Although there is no signi cant
difference in T and C between the three groups in this experiment, it can be found from the above that the
muscle injury indicator of the two groups supplemented with protein before or during exercise is
signi cantly lower than the carbohydrate-only group. Protein supplementation increases the
concentration of amino acids in the body, thereby reducing muscle damage caused by endurance
exercise and speeding up recovery after exercise. However, the protein supplement dosage may not
signi cantly change the muscle protein synthesis. Therefore, the data showed that the muscle damage
indicator of the two groups supplemented with protein was lower than the carbohydrate-only group, but
there was no difference in T and C between the three groups.

Conclusion
In the case of su cient carbohydrate intake, protein intake before or during exercise cannot extend the
time that runners sprint to exhaustion in endurance exercise. For endurance exercise, compared with
carbohydrate supplementation alone, the combined supplement of carbohydrates and protein can
effectively reduce muscle damage caused by endurance exercise and promote fatigue recovery after
exercise. In addition, compared with protein supplementation during exercise, protein supplementation
before exercise can better improve muscle damage caused by endurance exercise.

Abbreviations
CHO: carbohydrate; PRO: protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK:
creatine kinase; MB: myoglobin; T: testosterone; C: cortisol; 3-MH: 3-methylhistidine.
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Figures

Figure 1
Experimental design. Obtained venous blood before the test, immediately after the test, and 24 hours
after the test, and collect morning urine after the test 24 hours.

Figure 2
Representation of the study protocol. The subjects took three different supplements randomly in three
tests.

Figure 3
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Exhaustion time, 3-MH and VAS of different group. a. Exhaustion time is after one hour of quantitative
load running, subjects ran to exhaustion at 80% VO2max. b. # indicates a signi cant difference from the
base line (p <0.05). indicates a signi cant difference from the CHO + CHO group (p <0.05). c. * indicates
a signi cant difference compared with CHO+CHO at after exercise 24h (p <0.05). φ indicates a signi cant
difference compared with the value of self-group at before exercise (p <0.05).

Figure 4
Biochemical indicators in the blood. Before the exercise (PRE). Immediately after exercise (END). 24 hours
after exercise (24h). * indicates a signi cant difference compared with CHO+CHO (p 0.05). # indicates a
signi cant difference compared with before exercise (p 0.05).
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