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ABSTRACT

Aim: In this study we aimed to demonstrate the effects of zinc and/or CoQ1o supplementation on
physical performance and muscular injury parameters in young boxers which use both aerobic and
anaerobic energy pathways.

Material and Method: The study included 64 healthy male amateur competitive boxers aged
between 12- 14 years, who were randomly allocated into four groups after the baseline exercise
session. Boys were supplemented with zinc or CoQ1o or both or with placebo (Zn-SUP, CoQo-
SUP, Zn- CoQ1o SUP and control groups respectively) for eight weeks. Physical fitness parameters
such as endurance, velocity, VO2max, anaerobic power capacity and muscular injury parameters
such as CK, CK-MB, LDH and ALP were measured.

Results: Serum CK, CK-MB and LDH activities increased in all groups after fatigue according to
resting, however increases were significant for CK and CK-MB in control and Q10-Zn-SUP groups
(p < 0.001). Zinc and CoQ1o both improved different physical fitness parameters. ALP levels sig-
nificantly increased only in control group (p <0.01).

Conclusions: These results show that both CoQ10 and zinc supplementation reduces muscular in-
jury when used separately.
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(0)/

Amag: Bu calismada, aerobik ve anaerobik enerji yolaklarmin her ikisini birden kullanan geng
boksorlerde ¢inko ve/veya CoQ10 ilavesinin fiziksel performans ve kas hasari tizerindeki etkilerini
gostermeyi amagladik.

Gerec¢ ve Yontem: Calismaya, temel egzersiz seansindan sonra rastgele dort gruba ayrilan 12-14
yaslar1 arasinda 64 saglikli erkek amator boksor dahil edildi. 4 gruba ayrilan sporculara (Zn-SUP,
CoQ10-SUP, Zn-CoQ10 SUP ve kontrol gruplart) sekiz hafta boyunca sirasiyla ¢inko, CoQ10,
veya her ikisi birlikte destek amagh verildi. Dayaniklilik, hiz, VO2max, anaerobik gii¢ kapasitesi
gibi fiziksel gii¢ parametreleri ve CK, CK-MB, LDH ve ALP gibi kas hasarini gosteren paramet-
reler ¢aligildi.

Bulgular: Serum CK, CK-MB ve LDH aktiviteleri egzersiz sonrast, istirahat durumuna gore tiim
gruplarda artmasina ragmen, kontrol ve Q10-Zn-SUP gruplarinda CK ve CK-MB i¢in artis istatis-
tiksel olarak da anlamli bulundu (p <0.001). Zinc ve CoQI10'un her ikisi de farkli fiziksel giic
parametrelerinde artig sagladi. ALP diizeyleri sadece kontrol grubunda anlamli olarak artt1 (p
<0.01).

Sonug: Bu sonuglar hem CoQ10 ve hem ¢inko desteginin ayri ayri kullanildiklarinda da kas hasa-
rin1 azalttiklarini gostermektedir.

Anahtar kelimeler: Koenzim Q 10, ¢inko ilavesi, kas hasari, boksor
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INTRODUCTION

Young athletes dealing with a sport may be denied the be-
nefits of varied activity while facing additional physical,
physiologic, and psychological demands from intense trai-
ning and competition (1). Excessive stress or overload can
lead to tissue breakdown and injury especially in the the ra-
pid growth period during puberty by creating extra tightness
and tension in muscles and tendons, making teens more
prone to injury (2).

As there appear to be increasing numbers of children who
specialize in a sport before and during puberty, there has
been a growing interest in research about the relation
between exercise, tissue injury and minerals and elements
at this age.

Both CoQa0 and zinc are thought to improve physical per-
formance and some elite athletes use both. Nevertheless, the
data is not confident and satisfactory. Zinc and coenzyme
Q10 (CoQ1o) are compounds appear to have a close connec-
tion to antioxidant activity. However, there is scarce infor-
mation about their effects in energy metabolism, on perfor-
mance. Zinc is an essential micronutrient and is found in
almost every cell supports a healthy immune system, aids
wound healing, is required in DNA synthesis, is required for
growth and development during pregnancy, childhood, and
adolescence, and maintains the senses of taste and smell
(3,4). Some zinc-containing enzymes, such as carbonic
anhydrase and LDH, are involved in intermediary metabo-
lism during exercise. Another zinc-containing enzyme, su-
peroxide dismutase, protects against free radical damage
(5,6).

CoQo plays several crucial roles in the body; acts as a redox
electron carrier in mitochondria, acts as an essential antioxi-
dant and influences the stability of membranes (7-9). It is
found in all cell membranes, but most of it is located in mi-
tochondria, the energy producing part of every cell, especi-
ally in the heart, brain, kidneys and liver. CoQqo is essential
in producing ATP or fuel on which the body functions. It is
also a fat-soluble anti-oxidant and therefore helps boost the
body’s immune system by destroying free radicals (10). For
these reasons, most sportsmen and women have found
CoQ1o to be a natural manner in which to improve perfor-

mance.

In this study, we aimed to demonstrate the changes in different
physical performance and muscular injury parameters with the
use of either zinc or CoQqo in young boxers, those use both
aerobic and anaerobic energy pathways. Indeed, we aimed to
show the changes in these parameters by using zinc and CoQ1o
together for the first time in our knowledge.

MATERIAL and METHODS

Subjects

The study included 64 healthy, voluntary male amateur com-
petitive boxers, aged between 12-14 years. They were all se-
dentary and all had no training background before. Boys parti-
cipated into the study after a full explanation of the objectives
and their parent’s informed written consent. This study was
conducted according to the guidelines laid down in the Decla-
ration of Helsinki and the ethics committee of Erciyes Univer-
sity approved all procedures.

Experimental Design

The experimental approach was designed to evaluate the imp-
rovement in physical performance and muscular injury para-
meters before and after taking zinc and/or CoQio in young
amateur boxers.

The study was a 8 week single-blinded, intervention trial, com-
posed of 8 week periods of regular boxing exercise and supp-
lementation with pills containing either 60 mg/dL oral CoQ1o
(GNC) or 50 mg/dL oral zinc sulphate or both CoQ1o and zinc
together or placebo (glucose). After the baseline exercise ses-
sion the first sampling and anthropometric measurements were
done for all subjects and then the participants were randomly
allocated to 4 groups according to the supplementation that
they take: Zn supplementation group (Zn-SUP), CoQ1osupple-
mentation group (CoQ10-SUP), both CoQ10 and Zn supplemen-
tation group (Zn-CoQ10-SUP) and placebo (control) group. All
volunteers (including control group) had boxing training 3
days in a week for 8 weeks with a period of 90-120 min while
keeping their habitual feeding and nutrition. During exercises,
pulses were controlled between 140-160 pulse/min for all
boxers with a pulse counter.

Exercise protocol

At the beginning of all trainings, a 10 min warming up was
applied to boxers with a target heart rate (THR) 90-130
pulse/min. During the main technical boxing trainings, force,
speed, endurance and coordination exercises were done
(THRR=120-140 pulse/min).
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Reaction time, first acceleration, fast force and coordination
exercises of extremities with their own body weight and half,
quarter and lower weighs. Short, mean and long time anaero-
bic exercises were also done with their own body weights.
After main training, a 20 min cooling down and extremity re-
laxing exercises were applied.

Anthropometric Measurements

The anthropometric measurements were made according to
the protocols recommended by different investigators (11-15).
1- The height and weight of the subjects in shorts and no shoes
were measured. Height was measured using the Holtain Stadi-
ometer having 0.1 cm sensitivity, and weight was measured
using a bascule (Angel) having 0.02 kg sensitivity.

2- Body Mass Index (BMI) was determined using the formula:
weight (kg) / height (m)>2.

3- Body fat % was determined using Skinfold Method. Mea-
surements were taken by a specialized person using Skinfold
Calliper (Holtain Ltd, England) having 0.2 mm sensitivity.
Triceps, subscapular, abdominal and supraliac skinfold mea-
surements were obtained. Each skinfold was measured three
times and the median value was used for calculation. To de-
termine the fat percentage of the subjects, Durning and
Womersley formula was applied.

Fat % (Triceps+Subscapular+Abdominal+Supraliac) = logX=
(4.95/D-4.5)*100

D=1.1620-0.0630*X

Physical fitness

Physical fitness was determined using the following tests: a)
isometric strength: handgrip, knee extension and elbow
flexion, b) velocity: shuttle-run, ¢) back and hamstring flexi-
bility: sit-and-reach test of Wells and Dillon, d) lower limb
power: vertical jump, and e€) 20 m run/walk test to estimate
VO2max (16).

Isometric grip strength, strength of knee extension and elbow
flexion were obtained by using the ‘Takei Physical Fitness
Test” dynamometer. After specific stretching and warm-up,
three maximal attempts were performed, with an interval of 60
seconds between attempts, and the best result was used for
analysis.

The velocity of the subjects was determined using the 30m run

test. Measurements were made using a photocell chronometer.

With 5 min resting intervals, the test was repeated three times.
The lowest time was recorded.
Back and hamstring flexibility was evaluated by the sit-and-
reach test. The maximum distance reached (cm), with one
hand parallel to the other and the knees extended, was used as
an indicator of back and hamstring flexibility.
Lower limb power was measured by the vertical jump test,
with assistance of the upper limbs and trunk movement by
using the ‘Takei Physical Fitness Test” dynamometer. The dif-
ference between the highest point reached after jumping and
total height was used as an indicator of lower limb power.
For all physical fitness tests, the subjects made three attempts
and the best result obtained in the tests was used for analysis.
Aerobic Capacity (Max V02)
Max V02 measurement was made using the Multistage Fitness
Test. This test involved continuous running between two lines
20 m apart in time to recorded beeps. The time between recor-
ded beeps decrease each minute (level).
Anaerobic Power
Anaerobic power was tested using the Sargent vertical jump
test and calculated using the Lewis formula (Fox. & Matt-
hews, 1974).
Anaerobic Power=v4.9 * (Body Weight) * Y D
D=Vertical Jump Height (m)
Laboratory assays
After a 12 h overnight fasting venous blood samples were col-
lected from all participants before any supplementation during
resting and after exhaustion exercise. Blood sampling protocol
was repeated 8 weeks later after supplementations. Serum cre-
atinine, creatine kinase (CK) and lactate dehydrogenase
(LDH) levels were measured by an enzymatic method and cre-
atine kinase MB (CK-MB) levels were measured by immu-
noinhibition method on an autoanalyser (ARCHITECT
€16000, Abbott Diagnostics, Canada, USA). Serum zinc
analyses were conducted in a Shimatsu ASC-600 Atomic Ab-
sorption Spectrophotometer. Measurements were carried out
twice with light at 213 nm wavelength using flame atomiza-
tion technique and levels are presented as pg/dL.
Statistical analysis
The effect of supplementation on variables within each group
was evaluated by comparing results after treatment with those

at baseline, using paired t-test.
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Data are expressed as mean + standard deviation (SD). For
comparison among the groups, one-way analysis of variance
(ANOVA) was used. Scheffe’ post hoc test was performed to
evaluate a significant F-value. To avoid a mutual association
with the other variables, partial correlationcoefficient test was
used in order to assess the relationships between selected va-
riables. Statistical significance was accepted for p < 0.05. Sta-
tistical analysis of the data was performed using the Statistics
Package for Social Science (SPSS version 13.0, SPSS Inc.,
Chicago, IL, USA).

RESULTS

The mean initial weight of the 64 boxers was 45.3 £+ 6.2 kg,
and height was 145.4 + 4.8 cm. Anthropometric and physiolo-
gic variables for the randomly selected four groups are outli-
ned in Table 1.

Physical fitness parameters of all groups those administered
an eight-week boxing training program were compared before
and after supplementation. BMI increased in control and Zinc-
SUP groups despite decreasing in Q10-SUP and Q10-Zn-SUP
groups, although the difference was not significant in Q1o-Zn-
SUP group. In all groups anaerobic power capacity increased
after exercises but the maximum increases were in Zn-SUP
and Q10-Zn-SUP groups (Table 2).

Decrease in body fat % was significant in control, Q1o-SUP
and Q10-Zn-SUP groups. Max VO2 increased in Q1o-SUP and
Q10-Zn-SUP groups. Also increase in vertical jumping was
significant in Zinc-SUP and Q10-ZNn-SUP groups (Table 2).
There was no difference between groups for other physical fit-
ness parameters (isometric strength, velocity, back and hamst-

ring flexibility and lower limb power).

Table 1. Baseline physical characteristics of supplementation and control groups. Data are mean + SD.

&
a4

Control Zn-Sup CoQqg-Sup Zn-CoQqqp Sup P
(n=16) (n=16) (n=16) (n=16)
Age (vears) 129406 12809 13.1£06 12.8£0.7 <0.05
Height (cm) 1459449 145552 145444 2 144 957 <0.05
Weight (kg) 46.4+5.2 44 37 6 455437 45 1+£7.0 <0.05
BMI (kg/m®) 21.8+2.0 21.0+4.2 21.6+28 21.5+36 <0.05
Body fat % 14.6+3.9 16.4+2 4 14.5+£3 .6 16.1£2.6 <0.05

Table 2: Comparison of physical fitness parameters of groups. Data are mean+ SD.

Groups
Control (n=16) Zun Sup (u=16) CoQy-Sup (n=16) Zn-CoQyg Sup (n=16)
Baseline Post-Exercise Baseline Post-Exercise Baseline Post-Exercise Baseline Post-Exercise
BMI (kg/m’) 218£20 22 7£19%= 21042 21.44£4 0% 216+£28 21.0+£2.8% 2154346 212319
Anaerobic
performance 839+£42 B55+£52% 818+93 863 +£93** 838+40 868+ 4 3%* §28+84 BT T+£7 5%
0,
Body fat % 146+£39 135£3 7% 164+£24 142 £2 478 145+£36 11.1£2.7#=* 152+£26 13.0£2 5%
(‘c‘r’;”;"“““‘“p“'g 311£20 | 310£26™ | 310:25 | 338223% | 31822 | 348=22% | 311x22 | 354x21%
VOzme . 306+£41 403 £4 8% 37127 3912788 396£39 1.4 L4 0% 380+£28 418+ 2 5%
(ml/kg/min)

*p<0.05, **p<0.001 and NS=not significant
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Serum zinc levels at baseline were in normal range values in
all groups (70-120 pg/dL). After eight-week supplementation
and exercise period there was significant increase in serum
zinc in Zn-SUP and Q10-Zn-SUP groups (p < 0.01), however
a decrease in Q10-SUP (p < 0.05) and control (p < 0.001) (Fi-
gure 1). The increase in Q10-Zn-SUP was higher than Zn-SUP
group, even though the difference was not significant. Serum
CK, CK-MB and LDH activities increased in all groups after
fatigue according to resting, however increases were signifi-
cant for CK and CK-MB in control and Q10-Zn-SUP groups.
ALP levels significantly increased only in control group
(Table 3).

&
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DISCUSSION

The effect of supplementations on physical fitness and per-
formance parameters

In this study, VO2max values of the boxers after 8-week Quo
or Zinc- Q1o supplementation were higher than those before
supplementation; however the difference was not statistically
significant in control and Zn-SUP groups (Table 2). In Co Q1o-
SUP group anaerobic power was also significantly increased
according to baseline. These results indicate that Co Qg is ef-
fective in increasing both anaerobic power and maximal oxy-
gen uptake, which indicates aerobic power in strenuous exer-

cise.

Table 3: Comparison of enzymatic activities or concentrations of some muscular injury markers

Groups
]13,:’::::'::‘: Control (n=16) Zn-Sup (n=16) CoQur-Sup (a=16) Zn-CoQyo Sup (n=16)
Resting Post-Exercise Resting Post-Exercise Resting Post-Exercise Resting Post-Exercise
CK(UL) 1448+323 | 2601+£1312% | 18442615 | 238121256 | 14992656 | 21055840 | 14702337 | 209.4 = 89.4*
CK-MB (UL) 246246 | 389:93% | 236293 | 2952220 | 303+71 320282 | 203+48 | 315286
LDH (UL) 2446393 | 25354389 | 2469366 | 2399372 | 2363£352 | 24142240 |2378+205| 2416=323
ALP (UL) 3094964 |3231=87.1% | 2968=715 | 3181711 | 34041263 | 317051268 |2703+914| 2721=855

*p <0.05 and ** p <0.01 compared with resting.

120

110+

100

904
50
HiE
g0

finc Concentration (pg/dL)

B Before supplementation

oAfter supplementation

(* pe 0,05, ** pe 0.01, *** e 0.001),

Contral Zn-SUP Colo-3UR Zn-Collip-zUP

Lifferent symbols represent the difference wathin groups before and after supplementation

Figure 1: Serum resting zinc concentrations of groups at baseline and after supplementation at the

end of eight-week strenuous exercise.
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The results from CoQqo studies on exercise performance have
mostly focused on aerobic capacity and exercise induced
muscle injury. A study on top-level Finnish cross-country
skiers using 90 mg of CoQ1o showed a significant improve-
ment in VO2max and both aerobic and anaerobic perfor-
mance. In addition, 94% of the treatment group felt they had
better recovery (17). Recently Gokbel et al. showed CoQio
supplementation increased performance, especially anaerobic
capacity during repeated bouts of supramaximal exercises in
sedentary men (18). In another study, it was shown that CoQ1o
could improve work capacity, reduce fatigue during extended
cycling tests (19) and tended to increase time to exhaustion

(20). Our results are in line with these studies.

There are also some previous studies, which have failed to de-
monstrate performance-enhancing effects in trained athletes
and/or untrained individuals following CoQio supplementa-
tion (21-23). Recently, Zhou and colleagues investigated the
effects of a 4 week CoQ10 supplementation on aerobic power,
ventilatory threshold and exercise economy of healthy males.
Results showed no significant changes in aerobic performance
(VO2max) or exercise economy in response to supplementa-
tion. Although CoQ1o concentration was elevated in plasma,
no significant increases were observed within muscle. Thus,
the authors concluded that the lack of ergogenic benefit was
likely due to an inability of supplementation protocol to incre-
ase CoQao concentration within the muscle (23). In our study,
anaerobic power capacity also increased after physical activity
in all groups, but the maximum increases were in Zn-SUP and
Q10-Zn-SUP groups (Table 2). In addition, increase in vertical
jumping was significant in Zinc-SUP and Q10-Zn-SUP groups.
The findings about zinc supplementation was also in concor-
dance with literature (24,25). Krotkiewski et al evaluated
muscle strength and endurance in women supplemented with
135 mg Zn/d for 14 day (25). Subjects supplemented with
zinc, compared with placebo, had significantly higher dyna-
mic isokinetic strength at angular velocity and isometric endu-
rance.

In the current study, our results showed in all groups there was
an increase in muscle endurance parameters determined by
isometric strength, velocity, back and hamstring flexibility,
lower limb power tests, even though both CoQ10 and Zn supp-
lementation did not statistically differ this increase rate.

Also the lack of difference with the placebo group for these
parameters may be caused from the selection of group consis-
ted of amateur boxers; those started a heavy physical activity
not done regularly before. Physical activity applied in a dis-
ciplined order is generally considered to increase physical
power like maximum oxygen consumption (VO2max), anae-
robic power (26-28), strength of various muscle groups
(26,27,29,30), lower limb muscle power and running velocity,
back and hamstring flexibility, and to reduce body adiposity
(26,30).

The decrease in body fat % takes a great deal of oxygen by
converting stored body fat into energy, hence promotes incre-
ase in performance (31). In this study BMI increased in control
and Zinc-SUP groups (may be caused by appetite and taste
increasing effects of zinc) (5,6) in eight-week time despite
decreasing in Q10-SUP and Q10-Zn-SUP groups. However, the
difference was not significant in Q10-Zn-SUP group. Our study
groups were aged between 12-14, which contributes to the pu-
berty age with a rapid increase in height and weight. We beli-
eve that the change in BMI seen in control group reflects the
rapid changes that can occur during puberty. For that reason
to evaluate the changes in BMI in pubescent subjects is a po-
tential confounding factor for this study.

The effect of supplementations on muscle injury

The relation between muscle tiredness and zinc is a topic that
also merits attention. Zinc plays a role in building and repai-
ring of muscle as well as energy production. Some zinc-con-
taining enzymes, such as carbonic anhydrase and LDH, are
involved in intermediary metabolism during exercise and su-
peroxide dismutase, protects against free radical damage (3,4).
Exercise is a stressor that can decrease zinc levels, and thus
athletes are at risk for being deficient (32). Boxers doing
strenuous exercise are much more sensitive to conditions that
would not affect sedentary people, due to the increased de-
mand on their circulatory system. The boxers in this study all
had serum zinc levels in normal range at baseline. After eight-
week exercise and supplementation period while a decrease in
serum zinc concentration was seen in control and CoQ10-SUP
groups, there was increase in Zn-SUP and CoQ10-Zn-SUP gro-
ups. The lack of muscle injury indicators in Zn-SUP group
suggests the protective effect of zinc on muscle function and

tiredness. Because zinc is necessary for the activity of some
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enzymes in energy metabolism and because exercise decrea-
ses muscle zinc levels, muscle injury and tiredness may be
decreased by zinc intake.

The existing data about the effect of CoQzo supplementation
on exercise induced muscle damage and oxidative stress are
sparse and inconsistent (33). In an in vitro system, tissue slices
from animals fed CoQio were more resistant to tertbutyl hyd-
roperoxide-induced lipid peroxidation than were those from
control animals fed normal diets (34). In addition, Okamoto et
al. have showed that CoQo protected cultured skeletal muscle.
Furthermore, exogenous administration of CoQ1o suppressed
hepatic oxidative damage after reperfusion following ischemia
(35). Supplementation with CoQ1o decreased initial release of
CK and LDH in rats running downhill (36), but had no effect
on CK release in human subjects exercised to exhaustion on a
cycle ergometer (37). Kon et al. investigated the effect of
CoQ10 supplementation on exercise-induced muscular injury
of rats and found that exhaustive exercise significantly decre-
ased total CoQio concentration in plasma (10). They also
showed that 300 mg of CoQio may be protective of muscle
injury during extended training sessions in Kendo practitio-
ners who trained 5% hours per day (38). Exhaustive exercise
increases energy demand and oxidative stress in tissues, and
induces tissue damage. Therefore, CoQio in plasma may be
distributed to various tissues during exhaustive exercise and
there may be a lack of muscle CoQ10 concentration. From
these findings, it can be proposed that CoQ1o supplementation
has the potential to reduce strenuous exercise-induced tissue
injury and oxidative stress. CoQio has a structural stabilizing
effect on cell membrane phospholipids (39,40). Indeed in its
reduced form it acts as an antioxidant (41,42). Therefore, it is
quite likely that CoQ1o supplementation increases CoQiocon-
centration in muscle cell membranes and reduces strenuous
exercise-induced muscular injury by enhancing cell memb-
rane stabilization. And also it might be expected to exert a pro-
tective effect against oxidative damage to membranes

Many researchers have indicated that exercise increases
plasma CK and CK-MB activities, which are the most com-
monly used marker of skeletal muscle damage induced by
exercise (43,44). Even though both CoQ1o and Zinc usage in
strenuous exercise are studied and suggested to increase per-
formance and decrease muscle damage and fatigue, their supp-

lementation together has not yet been studied in human in our

knowledge. In order, both seem to reduce muscular damage
and improve performance cause of their antioxidant and
membrane stabilizing properties. In the present research,
plasma CK and CK-MB activities were higher after exhaus-
ting exercise according to resting in all groups, however the
increase in CK and CK-MB activities were highest and statis-
tically different in control and CoQ10-Zn-SUP groups (Table
3).This result indicated that muscle damage was induced by
exhaustive exercise. However, there was no difference
between post-exercise and resting serum CK, CK-MB activi-
ties in Zn-SUP and CoQ10-SUP groups. Besides, the increase
in ALP was highest in control according to supplemented gro-
ups in this study. ALP is found in many tissues and its levels
can become elevated 7-14 days after tissue damage or infarc-
tion due to ALP produced by fibroblasts and endothelial cells
proliferating in new granulation tissue (45). Thus, both lonely
zinc and CoQ1o supplementation provided protection against

strenuous exercise-induced muscular injury in this study.

We suggest that in Q10-Zn-SUP group despite an increase in
both aerobic and anaerobic power, higher CK and CK-MB ac-
tivities after exercise may be came out from the interaction
between CoQ1o and zinc in respect to their physical properties.
Zinc absorption is poor and it easily complexes to amino acids,
peptides, proteins and nucleotides. Small molecular weight li-
gands such as amino acids, improve absorption, whereas large
molecular weight ligands such as phytic acid reduce absorp-
tion, thus decrease its bioavailability (46,47). CoQqo is a high
molecular weight and lipophilic substance which makes it po-
orly water soluble and consequently leads to low systemic
availability (48-50). Therefore, CoQi and zinc may form
complexes and decrease bioavailability of each other. The hig-
her serum zinc concentration in Q10-Zn-SUP group, even tho-
ugh the given doses of zinc were the same to Zn-SUP and Qio-
Zn-SUP groups, supports this hypothesis; which can show
poor distribution of zinc into tissues (Fig 1). Further researc-
hes are needed about bioavailability of CoQqo and zinc supp-
lementation together.

In conclusion, we investigated the effect of CoQ1o and/or Zinc
supplementation on physical performance and exhaustive

exercise-induced injury in young amateur boxers.

The study revealed that both zinc and CoQ1o supplemen-

tation increased performance parameters and reduced
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The study revealed that both zinc and CoQao Supplementation
increased performance parameters and reduced exhaustive
exercise-induced muscular injury at this age. On the other
hand, CoQ1o and zinc supplementation together was not able
to reduce muscular injury as revealed by higher levels of CK
and CK-MB. This may be resulted from the high molecular
weight of CoQ1o, which is predisposed to make complex with
zinc that leads to decreased bioavailability for each one. As a
result, supplementation with either zinc or CoQo reduces
exhaustive exercise-induced muscular injury and improves
performance, but they should not be used together as they dec-

rease bioavailability of each other.
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