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Abstract: PURPOSE: Branched Chain Amino Acids (BCAA) has been considered an important nutritional strategy to improve
skeletal muscle protein turnover in many conditions especially following exercise induced muscle damage. Exercise induced muscle
damage (EIMD), a phenomenon impairs muscle function and hampers athletic performance. The effects of consumption of BCAA for
a chronic period (4 weeks) on EIMD in trained athletic population have never been explored. Therefore, the aim of the present study
was to examine the effects of chronic consumption (4 weeks) of BCAA on indices of muscle damage elicited via a bout of damaging
exercise in trained athletes. METHODS: Twenty trained males (20 road cyclists) aged 18-28 years were randomly assigned to two
groups (BCAA and Placebo) (n = 10). The damaging exercise consisted of 100 consecutive drop-jumps. Biochemical markers
including creatine kinase (CK), high sensitivity ¢ reactive protein (hs-cRP) and myeloperoxidase (MPQ), isometric knee muscle
strength, muscle soreness, aerobic capacity (VO,max) and heart rate (HR) were measured. RESULTS: Differences were observed in
pre-and post-supplementation periods among all the participants with mean height and weight values of 168.57 (4.5) cm and 61.74
(4.55) kg respectively as calculated by the anthropologist randomly allocated to the two groups in all tested parameters indicating the
effectiveness of BCAA in attenuating muscle damage and enhancing muscle recovery with chronic consumption when compared to
placebo, however in contrast to our expectations based on symptoms and our clinical judgment during the study statistically significant
difference (P < 0.05) were noticed with biochemical indices only. CONCLUSION: Our findings suggest that chronic BCAA
supplementation proved to be an effective meansof reducing muscle damage, enhancing muscle protein synthesis and recovery
following EIMD as compared to placebo in well trained athletic population.
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1. Introduction soreness (DOMS), increased muscle proteins, CK in
the blood [15]. The impairment of muscle function
caused by damage reduces performance and prevents
the athlete to employ him/herself in high intensity
exercises on consequent days [16]. Thus, recovery
from such activities become an integral part of training
regimen. Branched-chain amino acids (BCAAS), due to
their relative abundance in skeletal muscle are being
the centre of attraction [17-19]. According to Breen et
al. [20], BCAA are essential amino acids that are key
substrates for protein synthesis and recovery, and have
shown to lessen the effects of EIMD effectively
following strenuous endurance exercise. Furthermore,
BCAA helped conserving muscle mass in settings of
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Adequate evidence in literature [1-3] have
concluded that supplementation with amino acids
following exercise led to more rapid recovery from
muscle fatigue and reduces exercise induced
proteolysis, muscle soreness and plasma CK activity.
Exercise Induced Muscle Damage (EIMD) is a
well-known phenomenon in exercise literature follows
unaccustomed eccentric activities [4, 5] like plyometric,
long distance running and resistance activities [6-14].
Eccentric exercise-induced muscle damage is indicated
by prolonged decreases in muscle strength range of
motion (ROM), swelling, delayed onset muscle
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documented that amino acid supplementation
containing around 60% BCAA significantly reduced
muscle damage and soreness when consumed before
and during the recovery period following a damaging
bout of eccentric contractions. Similarly, studies have
examined that recovery from heavy endurance
activities have also shown the benefits of BCAA in
reducing muscle damage and accelerating muscle
recovery [22-24]. To support the findings of the above
studies, Greer et al. [18] by means of a cycling protocol
also demonstrated that acute ingestion of 50 g of
BCAA led to decrease in the circulating CK levels
when measured at 4, 24, and 48 h post exercise,
reduction in the level of delayed-onset muscle soreness
(DOMS) experienced 24 h post-exercise and also
attenuated the decrease in leg-flexion torque 48 h post
exercise. Nevertheless, current evidence is promising
about the positive effects of BCAA on recovery indices
following damaging muscle exercises.

Though, the current evidence regarding the effects of
acute supplementation with BCAA on EIMD is
encouraging, the effects of consuming BCAA
supplements for a chronic duration of more than two
weeks have never been investigated.

Hence, there is a lacuna in exercise literature
exploring the role of BCAA supplementation for a
chronic duration on muscle protein synthesis and
recovery following EIMD in trained athletic population.

Therefore, the aim of our study was to examine the
efficacy of chronic (4 weeks) supplementation of
BCAA on recovery from a single damaging bout of
exercise in trained athletes. We specifically focused on
biochemical markers including muscle damage,
creatine kinase (CK), inflammation, high sensitivity c
reactive protein (hs-cRP) and oxidative stress,
myeloperoxidase (MPO) besides other indices of
muscle performance and aerobic function.

2. Materials and Methods
2.1 Participants

Twenty trained road cyclists volunteered and gave

their written informed consent to participate in this
study [16]. Participants were mean 20.03 (1.19) years
of age, 168.57 (4.5) cm tall and weighed 61.74 (4.55)
kg. All participants who engaged themselves in
specific, regular training of 30 h a week during the
competitive season were included in the study.
Participants who were consuming any dietary
supplements in the past one month were excluded from
the study. Ten participants were randomly and evenly
allocated in a stratified, double blinded manner
among two groups-BCAA and Placebo. All the other
investigators, study personnel, and subjects were
blinded to the type of supplement used by the two
groups during the study. Ethical approval to conduct
the study was granted by institutional ethical
committee, Faculty of Sports Medicine and
Physiotherapy, Guru Nanak Dev University,
Amritsar.

2.2 Experimental Design

The experimental protocol followed a randomized,
double blind, placebo controlled design [16]. The
research was based on four weeks supplementation
program the pre, post and during
supplementation  period. In the pre- and
post-supplementation period, the subjects were called
and their baseline readings (Blood, Strength, Muscle
Soreness, HR Response and VO,max) Were determined.
Followed by this, the players were called again to

including

perform the Muscle Damaging Exercises and no
readings were taken. The criterion variables hs-cRP,
CK, MPO, isometric knee muscle strength, maximum
aerobic capacity (VOzmax), heart rate (HR) and Muscle
soreness (intensity indicated as perceived pain on a
VAS scale) were obtained at 24 h and 48 h post EIMD.
In the supplementation period, the players were
segregated into two groups (10 in each) and they were
provided BCAA and placebo for four weeks. During
this period, the players were on relative rest and on
maintenance warm up exercises. No hard training
schedule was on in this period.
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2.3 Exercise Protocol

Participants have performed a total of 100
drop-jumps from a height of 0.6 m. On landing,
participants were encouraged to immediately jump
vertically with maximal force. Five sets of 20
drop-jumps were performed with a 10 sec interval
between each jump and the rest of 2 min between each
set was given. This protocol has been previously shown
to cause significant elevations in muscle damage
indices [16, 21, 25].

2.3.1 Biochemical Indices

Blood was drawn into heparin tubes, from the
median cubital vein in the antecubital space of the
forearm and was spun at 3000 x g and the plasma was
stored at -70°C until analysis [26]. Plasma was
analyzed for CK and hs-cRP using assay Kits from
DiaSys Diagnostic Systems GmbH. (Holzeim,
Germany). Plasma MPO was analyzed using ELISA kit
from BioVendor, Research and Diagnostic Products.
(Brno, Czech Republic).

2.3.2 Isometric Peak Torque Assessment

Isometric peak torque was assessed of both the
quadriceps (extension) and the hamstrings (flexion) at
the knee joint of both the limbs using HUR 5340 leg
extension/curl, a computer controlled isoinertial
dynamometer [27] following a warm up session.

2.3.3 Maximum Aerobic Capacity (VOzmax)
Assessment

VOomax Was assessed using an open circuit breath by
breath automated precalibrated portable gas analyzer
MetaMax 3B (Cortex, Germany) integrated with a
motorized treadmill h/p/cosmos mercury [cos
10198-01] (Germany). Prior to commencing the test,
each participant was told about the incremental
exercise test protocol, and continuous electronic heart
rate monitoring was done throughout the test.
Participants performed an incremental test to volitional
exhaustion in accordance with the Bruce protocol [28].
VO,max Was determined based on a plateau in VO,
consumption or participant reaching volitional fatigue
[29].

2.3.4 Muscle Soreness

Participants performed and held a squat (90° knee
angle) whilst, they rated their perceived muscle
soreness on a 0-10 cms VAS scale where 0 indicated no
pain and 10 indicating severe pain [30].

All participants were familiarized with the testing
protocol and the study was carried in between the
months of August 2013 to July 2014 at Human
Performance Lab, Department of Sports Medicine and
Physiotherapy, Guru Nanak Dev University, Amritsar.
All testing sessions were performed in morning in a
climatically-controlled laboratory under similar
environmental conditions (temperature, 19.3°C to
21.4°C; relative air humidity, 30% to 32%) [31].
Participants were injury free and were off training
(only maintaining a basic minimum of physical activity
to prevent deconditioning) during the supplementation
period, maintained regular dietary habits and avoid
taking additional proteins and nutritional supplements
[16].

2.4 Supplementation Protocol

Participants ingested 10 grams, twice a day either of
BCAA or placebo (aspartame based artificial
sweetener) mixed with ~300 ml of water for 4 weeks
[16]. The BCAA supplement (INSTANTIZED BCAA
5000 Powder Unflavored, OPTIMUM NUTRITION,
Aurora, IL) contained a ratio of 2:1:1 leucine,
isoleucine and valine respectively. Artificial sweetener
rather than a carbohydrate-based placebo was used to
prevent arise in insulin that may have altered protein
metabolism [32]. Before ingestion, supplement was
tested for banned substances at National Dope Testing
Laboratory, New Delhi. The dosage of BCAA was
based on the manufacturer’s recommendations and

previous supplementation research [17, 30].

3. Results and Discussion

All biochemical indices used in depicting muscle
damage including hs-cRP, CK and MPO demonstrated
a trend in favor of less muscle damage and enhanced
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muscle recovery with time following supplementation
with BCAA when compared to placebo.

The data shown in the Table 1 were the mean values
of the baseline data (Day 1), post 24 hours (Day 2) and
post 48 hours (Day 3) in both pre and post
supplementation period. Furthermore, explanation on
the data depicted is in Table 2. It was revealed that in
both pre and post supplementation periods, an increase
was observed in the mean values from Day 1 to Day 2
in both groups, however in the post supplementation
period the degree of change of mean values between
Day 1 & Day 2 were found to be lower than the degree
of change of the pre supplementation mean values in
the BCAA group and were also statistically significant
depicting less muscle damage recorded at 24 h post
damaging exercises in the group who had consumed
BCAA compared to placebo. Furthermore, it was
found that mean values dropped with due course of
time (from 24 h to 48 h) following damaging exercises
depicting a phase of muscle recovery both before and
after supplementation of either BCAA or placebo but
the degree of change being greater following BCAA
supplementation suggestive of the effectiveness of the
supplement in enhancing muscle recovery when
compared to placebo. The present findings correspond
to previous observations [16] pointing towards limiting
muscle damage and thereby enhancing recovery by
branched chained amino acids as the main mechanism.
However, we cannot support this postulate as it seems
reasonable to state that greater bioavailability of
essential amino acids could have maintained cell
membrane integrity thereby decreasing secondary
muscle damage [16].

Compared with research into the response of muscle
damage markers like creatine kinase (CK) following
chronic/long term supplementation with BCAA after a
damaging exercise bout less is known concerning
response of inflammatory and oxidative stress markers
like hs-cRP and MPO respectively and to our
knowledge this is the first study to illustrate
quantitative changes in the levels of MPO in due course

of time in the current settings. Our present study backs
the evidence provided by Atashak et al. [33] showing
anti-inflammatory properties of BCAA as suggested
with significant greater degrees of changes in the mean
value in our supplemented group. Taking into account
our previous observations regarding antioxidant
activity of amino acids on tissue oxidative stress in
human intestinal epithelial cell model [34], the present
findings suggests similar biochemical mechanisms
active in the background responsible for attenuating
exercise induced muscle damage.

Mean values of isometric peak torque at the knee
joint (both extension and flexion), measured for right
and left limb showed a decrease at Day 2, i.e. 24 hours
post damaging exercises in both the groups before and
after supplementation. There is a less degree of change
(decrease) of the post supplementation mean values of
the BCAA group as compared to the placebo group
signifying the effectiveness of the experimental
supplement in attenuating the reduction of muscle
force following damaging exercises. These findings
suggest a possibility of improved regulation of muscle
protein metabolism following supplementation post
EIMD [35, 36]. Moreover, we observed an
improvement in the mean values of muscle force in the
subsequent day of recovery (transition from Day 2 to
Day 3 values) both before and after supplementation of
either BCAA or placebo, yet contrary to our hypothesis
BCAA convincingly enhanced recovery after
supplementation only during flexion movement of both
knees as depicted by a greater degree of change in the
mean values between Day 2 & Day 3 when compared
to placebo.

VO,max assessment showed a trend of improved
response to BCAA supplementation as compared to
placebo. Degree of change of mean values between
Day 1 & Day 2 in the post supplementation period was
found to be lower than degree of change of mean values
in the pre supplementation period in the group
consuming BCAA, likewise the degree of change
of mean values between Day 2 & Day 3 in the post



Table 1 Descriptive statistics (Mean + SD values) of all criterion variables before and after supplementation in cyclists.

Pre-Supplementation Data

Post-Supplementation Data

No Criterion Variables Groups  Baseline Data After 24 h After 48 h Baseline Data After 24 h After 48 h
(Mean + SD) (Day 1) (Mean £ SD) (Day 2) (Mean £ SD) (Day 3) (Mean = SD) (Day 1) (Mean = SD) (Day 2) (Mean + SD) (Day 3)
1 hs-cRP (mg/dl) BCAA  3.85z%0.7 7.23+16 6.07+1.6 26+0.7 516+ 1.1 3.41+0.7
g Placebo 3.94+ 0.5 9.29+11 7.79+13 3.93+0.6 93011 7.81+13
5 CK (/L) BCAA 14372+ 104 470.65 £ 45.9 421.40£57.8 62.33+10.4 264.73£19.3 170.74 + 10.6
Placebo  140.8 + 10.8 382.21+ 37.6 335.57 + 36.7 139.77 + 10.4 382.75+ 35.9 337.03 £ 36.9
3 MPO (ng/L) BCAA 8.18+15 1227+ 2.3 10.95+ 2.3 6.04+15 9.07+1.6 7.67+13
g Placebo 8.39+0.9 13.43+20 1156 + 1.8 8.37+0.9 1344 +20 1156 + 1.7
BCAA  199.80+12.9 170.40 + 12.9 183.40+ 11.9 2253+9.6 196.1+ 11.7 2152+ 10.7
4 ISOR EXT (Nm)
Placebo  194.60 £ 17.1 17240+ 175 183.70+ 174 194.7 + 16.5 169.8 + 14.9 184 + 18.2
BCAA 989+76 7270+9.1 83.70£9.2 117.9+5.9 926+7.1 107.9+ 6.7
5 ISOR FLEX (Nm)
Placebo  92.50 + 8.9 7490+ 7.6 86.20 £ 6.9 91.8+10.2 753+ 6.4 85.6+7.2
BCAA  178.80x95 152.70 £ 13.3 161.50 + 10.3 200.9+10.8 178.4+ 9.3 189.3+8.3
6 ISOL EXT (Nm)
Placebo  178.50 £ 10.1 157.90 £ 9.9 17210+ 9.6 179.7+ 9.6 156.2+7.9 1719+ 104
BCAA  85.30+10.8 62.90 + 12.3 66.60 £ 8.6 104.1+10.8 82.4+112 97.8+19.4
7 ISOL FLEX (Nm)
Placebo  80.10 £ 6.9 66.30+ 7.9 82.00 £ 8.3 80.3+19.8 66.5+ 8.8 81.5+83
8 VO, max BCAA 57.70+4.0 554+41 56.3+2.7 59.9+4.1 58+ 4.2 59.8+4.1
(ml/kgmin-1) Placebo  56.60 + 4.1 54.4+ 4.4 55.60 + 4.2 56.8 4.3 54.4 + 4.6 55.1+ 4.8
. BCAA 17590+ 124 190.70+ 12.4 184.8 + 10.9 160.9 + 12.7 175.70 £ 12.1 166.5 + 22.0
9 HR (beats/min)
Placebo  175.00 + 8.3 193.6 + 6.0 184.60 + 4.6 175+ 75 193.80+ 6.2 182.00+ 7.4
10 VAS BCAA - 580+ 1.2 470+15 - 42+13 28+12
Placebo - 820038 730038 - 8.00+1.2 72+10




Table 2 Degree of changes in between days (pre-post Supplementation values) in cyclists.
Criterion Pre-Supp. Post Supp.

Pre-Supp. Post Supp.

. 0 _ 1 0, -
NO- \ariables ~ ©roUPS Change in Day 1&2 Change in Day1 &2 Diff.162 (95% CI) - Pigo-value Change in Day 2&3 Change in Day 2&3 Diff.265 (35% Cl) Pogq-value
081207 058206
R BCAA  338+1.1 256+ 0.7 ©313) <001 1.16+03 1.75+ 0.6 ©110) 0.01
(mgfdl) Placebo  5.35 0.7 5.37+0.7 ig'gé E—; 8'7(;7 0.47 150+ 0.8 149408 ?(')0013?) 8'5)6 0.71
BCAA  326.93+42.2 202.4 +22.2 (19274 '1531;513;)'3 <0001 4925+135 93.99 + 255 é‘jﬁ_);’ 5)8'8 <0.001
2 CK(uL) 156+ 7.1 0.92+49
Placebo  241.41+ 35.7 242.98 + 31.6 G466 0.49 46,64 +21.8 4572 +22.1 Y 0.56
BCAA 409+15 3.02+0.7 %6059*216;‘ <005 132+05 1.3940.9 ig.g?(;)().? 0.77
3 Mol Placebo  5.04+ 1.4 507+14 -0.03 £ 0.04 0.05 187405 1.88+05 -0.01+0.07 0.79
04+ L 07+ L (0.0 0.06) : 8720, 88+ 0. (0.04 0.05) :
02%56 6177
. ISOREXT BCAA 294+ 6.0 2024523 (G542 0.91 13441 191+48 05117 <0.05
(Nm) Placeho 222+ 6.0 249469 _%21721996()6 0.39 11.3+27 142+10.7 ég . 2)'1 0.34
0.0%42 43%59
. ISORFLEX BCAA 262#35 253438 o136 051 11.0+ 3.2 153448 0154 <0.05
(Nm) 11+38 10421
Placebo  17.6+ 4.9 165+ 7.2 (630) 0.38 11.3+3.0 103+42 0529) 0.16
36+75 221108
. 1soLEXT BCAA 26156 225441 (789 0.16 8.8+07 109+ 4.9 5553) 0.55
(Nm) 229457 15471
Placebo  20.6 + 4.6 235+ 6.8 (1269 0.14 142+19 157+ 6.7 3050) 0.52
07£53 117+ 225
 IsoL FLEX BCAA 224443 21.7+34 G145 0.68 37+118 154+ 11.0 1279 0.13
(Nm) 0.0+ 16.2 07+49
Placebo 13.8+ 4.3 13.8+16.4 (115115 1 157+ 36 150+ 6 (3436 <0.001
04009 09%27
. Vo BCAA 23+05 1.9+07 051.1) 0.22 0.9+26 18+21 128 0.32
(ml/kgmin-1) -0.2+091 05+12
Placebo 2.2+ 0.8 24405 0408) 05 1.2+ 0.42 07+11 041 0.24
038 33+178
- BCAA  148+43 148+43 1o 1 5.9+36 9.2+19.0 Q155 0.57
(beats/min) -02+27 -2.8+6.0
Placeho  18.6 + 3.6 188+45 1822 0.82 9.0+44 118+47 e 0.17
BCAA - ; - ; 114073 1.4+051 -0.3£0.67 0.19
10 VAS (0.20.8)
Placebo - ; - ; 0.9+ 056 0.8+ 063 0.1+087 0.72

(0.50.7)
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supplementation period was found to be higher than in
the pre supplementation period in the BCAA group,
both depicting an improved lactate threshold [23] and
an augmented ventilatory response [37] post EIMD due
to less muscle damage and enhanced muscle recovery
following supplement consumption.

HR response showed an erratic trend over time with
supplement consumption. Degree of change of mean
readings between Day 1 & Day 2 in BCAA group in the
post supplementation period was similar to the change
of mean readings in the pre-supplementation period
depicting no effect of BCAA supplementation on HR
response at 24 h post damaging exercises compared to
placebo. Correspondingly, with further readings
(degree of change of mean values between Day 2 &
Day 3), both BCAA and placebo group showed a
non-significant greater degree of mean values
representing no response by the supplement.

The process of muscle soreness has been attributed
to the establishment of an acute inflammatory response
resulting from metabolic, mechanical and oxidative
stress [38]. Muscle soreness (as depicted by perceived
pain on a VAS scale) peaked at 24 h followed by a drop
at 48 h post damaging exercises in both the groups.
Nonetheless, we observed a greater degree of change of
the mean values between Day 2 & Day 3 in the post
supplementation period in the group who had
consumed BCAA as compared to placebo showing an
additional amount of decrease in muscle soreness with
BCAA consumption than placebo. Considering our
previous observations [16, 19, 22, 39] and our present
study, collectively attributes the above findings to the
property of BCAA of facilitating protein uptake
necessary for use as an energy source [40, 41] and as an
antioxidant [34].

4. Conclusion

In conclusion, corresponding to findings of previous
clinical trials conducted over an acute time setting, our
findings suggest that BCAA supplementation over a
chronic/long term time period too is effective in

reducing muscle damage, enhancing muscle protein
synthesis and recovery following EIMD. However, it is
important to note that the extent/degree of benefit
provided by long term supplementation with BCAA
was not focused on when compared to supplementation
in an acute time setting thereby comparing benefits of
supplementation over acute time period to
supplementation over chronic time periods may form a
guestion for future research. In addition, future
research could also assist in understanding the
differences in the response of muscles to damage and
recovery with different doses and time duration of
BCAA supplementation, in order to establish baseline
dosages of BCAA required for attenuating muscle
damage and enhancing recovery following an acute
bout of specific muscle damaging exercises in well
trained athletes.
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