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ABSTRACT

The purpose of the present research is to studefiieet of choline supplementation on plasma
free fatty acids and beta-hydroxybutyrate as wall lipid metabolism during a session of
prolonged exercise among elite male triathletesthiwan average of 21.44+2.83 of age,
54.7145.34 kilograms of weight, and 71.25+4.36 rifikgri® of VO, max). Nine elite triathletes
performed two 120-minute sessions of running cadmall with an intensity of 59-64% \\@ax

in the form of a translational research with a deMplind design. The subjects took placeboes
one hour before the exercise in the first sessiahtaok Choline Bitatrate supplements one hour
before the exercise in the second session. Bloaglezg was done before and after exercises in
order to measure plasma free fatty acids and bgtrdxybutyrate using the colorimetric
method. Data were analyzed using repeated anabfsiariance atP = 0.05 significance level.

A comparison between the results of the exercise@es showed that the level of plasma free
fatty acids at the end of the exercise with chofinpplements was significantly lower than that
of the exercise with placeboes, and that the lefgllasma beta-hydroxybutyrate at the at the
end of the exercise with choline supplements wgsfgiantly higher than that of the activity
with placeboes. It was thus concluded that cholsupplementation accelerates the lipid
oxidation process during prolonged sports exerctbesugh increasing the uptake of fatty acids
and increasing plasma beta-hydroxybutyrate.
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INTRODUCTION

Fat stores are the major energy stores of the lamdlythe total amount of energy stored as
triglyceride is more than 60 times greater thandhergy stored as glycogen [3]. It has been
shown that the increase in the ability of fattydagkidation during endurance exercise will delay
the release of glycogen from muscles and liverwitiddecrease blood sugar; as a result, it will
delay the occurrence of fatigue and will prolong thctivity [3]. Any exercise strategy and
dietary manipulation that can increase the oxidatid lipids and decrease the utilization of
carbohydrates can be helpful for endurance ath[d{e$t has been shown that the contribution
of fats and carbohydrates in the energy produgbimtess depends on factors such as exercise
intensity, exercise duration, physical fitness, ;V@ax, gender, and the type of diet [4].
Regarding the ideal intensity for fat oxidationhas been confirmed that the maximum lipid
oxidation occurs between 59 and 64 percent Wax in trained individuals and between 47 and
52 percent V@ max in untrained individuals [4]. Nowadays, vasasupplements are used in
endurance and ultra-endurance sports in orderitaree performance and delay fatigue. Among
these supplements, there is a compound called nehalihich has positive neuromuscular,
metabolic, mental, and structural effects on thdybof mammals [5],and it has recently been
classified as a basic nutrient for humans by thedFand Nutrition Board of the Institute of
Medicine (USA)[6]. Considering the fact that thisngpound is the precursor molecule for the
synthesis of neurotransmitter acetylcholine, theotfof choline on athletic performance has
been confirmed in many studies with an emphasiseamomuscular fatigue mechanisms [1, 7, 8,
9, & and 10]. But choline is at the same time thestimportant lipotropic compoundin the body
of mammals [6]. Lipotropic compounds are substartbas help the breakdown of fat during
metabolism in the body; they promote the exporfadffrom the liver and are essential for
maintaining a healthy liver and for burning the estpd fat [11]. It is observed in previous
studies that the effect of choline as a lipotrogpibstance on the process of lipid metabolism
during sports exercise has been less paid attetdicand that limited number of studies has
examined the effect of long-term choline suppleraton on fat and lipid metabolism indices in
animals and non-athletes [12, 13, & 14]. Of thewtices one can mention the changes in the
level of plasma free fatty acids and beta-hydroxyfate as a result of long-term choline
supplementation. The research of Nobuko and Sadz®90) showed that long-term
supplementation of a combination of caffeine, daraj and choline in rats increased the uptake
of free fatty acids by muscle cells through theetfof choline on the level of permeability of the
plasma membrane of these cells which increasdgdeigde stores in muscle cells and decrease
the level of triglyceride and plasma free fatty daciat the end of the period of choline
supplementation and these changes were followed Hdgcrease in body fat indices such as
subcutaneous fat [14]. Moreover, in other studigsily and Sachan (1995) and Nobuko and
Sachan (2003) showed that long-term choline supghkation in humans will increase muscle
carnitine stores and the level of plasma beta-hgdrotyrate at the end of the period and
considering the key role of carnitine in the prace$ mitochondrial oxidation of lipids, they
considered these changes as increasing fat oxigatiot because these changes were not
followed by the decrease of respiratory exchange,rthey came to the conclusion that choline
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supplementation will increase the capacity of inptete oxidation of lipids. The reason for such
a conclusion was the presence of acetyl groups tdubeta-oxidation of lipids as beta-
hydroxybutyrate in plasma [12 & 13]. But the effettcholine supplementation on the indices of
lipid metabolism in a session of prolonged exer@san issue that has not yet been dealt with.
Thus, the present study aims to consider the efie@ prolonged exercise session — whose
intensity and duration are ideal for maximum fatdation — on the changes in plasma free fatty
acids and beta-hydroxybutyrate at the end of tkesaise in elite triathletes and thus to assess
the effect of choline supplementation on lipid rbelgsm.

MATERIALS AND METHODS

Subjects

Nine male triathletes of Zanjan Province with regutxercise during the past three years and
with championship at the provincial, national, Asiand International levels participated in the

research as voluntary samples. The general andgbbgisal characteristics of the subjects are

presented in table 1.

Table 1 — General and physiological characteristicsf the studied sample:f = @)

General and Physiological Characteristics Mean + @ndard Deviation

Age (Years) 21.44 +2.83
Weighi (Kilograms’ 5471 +53
Body Fat (%) 12.43 +3.64
Body Mass Index (Kg/I?) 22.67+1.9
Maximum Heart Rate (Number) 195+5.81
VO, max (ml kg' min'?) 71.25 +4.36

Figure 1 — A chart of the research design

During Three Days before  Exactly before the Beginning 120 Minutes after Exactly after the End of

Time Exercise of Exercise Exercise Exercise
1'Weel  Recording the Di Blood Sampling (Pretes ProlongecExercist Blood Sampling (Postte 1)
2"Week Repeating the Recorded Dist Blood Samplingté€Bt) Prolonged Exercise Blood Sampling (Postesit

Research Design

This design was conducted as a single-blind desagrslational research. This research design
entails the administration of two separate prolohgeercise sessions with a defined intensity
and duration. The prolonged exercise of interegblired 120 minutes of running on a treadmill
with the intensity of 59-64% VOmax (equivalent to 70-75% maximum heart rate)sTihithe
most appropriate exercise intensity for maximumobétiation [4]. There was an interval of one
week between the two exercise sessions and a dlageeest was considered for the subjects
before performing the exercisesin the first andadaveek. An hour before the beginning of the
first exercise session, 250 ml of placebo (oramgee) was given to subject and an hour before
the beginning of the exercise in the second wedkyri@e Bitatrate Supplement (a product of
Life Extension Inc., USA) was mixed with 250 ml ofange juice up to 0.05 grams for each
kilogram weight of subjects. Blood samples wereetakrom the subject's exactly at the
beginning and the end of both exercise sessionsdier to measure the level of plasma free fatty
acids and beta-hydroxybutyrate.
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Measurement of Physiological Characteristics of th&ubjects

The VO, max of the subjects was measured using the trélagsti one week before performing
the first endurance exercise. The maximum heagtaohithe subjects was measured at the end of
the Bruce test and at the point of extreme fatigugeadmill (COSMED T170, Italy) was used
for the treadmill test and the maximum heart rass wecorded using the heart rate indicator of
this device. A body composition measurement deyimatex 6100/XL, China) was used for
measuring subjects’ body mass index and body faepéage.

Diet Control

The subjects were asked in a briefing session d¢ordetheir diet with placebo during the 72
hours before exercise and then they were askecepeat the recorded diet with choline
supplements. It must be noted that the subjectsndidtake any other nutrient after having
placebos in the first exercise and supplementfiensecond, nor did they eat anything during
performing the exercises.

Blood Sampling

In order to measure the level of plasma free fatigs and beta-hydroxybutyrate, blood samples
were taken from the subjects in both exercise ggdepercise with placebo and exercise with
choline supplement) as pretest (exactly before ags&y and posttest (exactly after exercise).
Thus, 5 ml of venous blood was taken from the riggntd of the subjects in the seated position
by a laboratory technician; then, the samples wmered into hemolysis tubes and were
transported to the laboratory for separating theimefrom the clot. In the laboratory, the
hemolysis tubes were centrifuged at 400 rpm foridutes and the formed serum was moved
into two microtubes with a volume of 2 ml and wawnsferred to the temperature of 20 degrees
centigrade to prevent it from thireeze and thavwprocess which will decrease the accuracy and
validity of the analysis of samples. Colorimetrgsay was used for measuring plasma free fatty
acids and beta-hydroxybutyrate by means of Biowigits (Biovision Research Products, USA).
Measurements related to plasma free fatty acids#K642-100) were done at 570 nm
wavelength and measurements of beta-hydroxybutyztgk632-100) were done at 450 nm
wavelength.

Statistical Analysis

Descriptive statistics were used for summarizing ttollected data and gaining a better
understanding of the population. Further, repeatealysis of variance was applied in order to
examine the existence of a significant relationdieépveen the means of the groups under study
for each of the variables. In case there was aifggnt relationship between the groups
(P = 0.05), LSD post hoc test would be used for testing aede hypotheses. Moreover,

P < 0.05 was set for rejecting or accepting the hypotheses all the statistical calculations
were done using SPSS 18 software.

RESULTS
To study the effect of choline supplementation loa level of plasma free fatty acids and beta-

hydroxybutyrate during a prolonged exercise sessiba level of these two indices were
measured at the beginning and the end of the twarate exercises with placebos and choline
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supplements. The level of plasma free fatty acidslzeta-hydroxybutyrate of the subjects under

different research conditions are presented iretabdnd diagrams 1 and 2.Comparing the level

of plasma free fatty acids in the exercise withcelm at the pretest and posttest revealed that
plasma free fatty acids increased significantlg@af?20 minutes of exercise& 0.05). However,

in the exercise with choline supplement, the lesfeplasma free fatty acids did not show any
significant difference between the pretest and tpsstf = 0.05; table 2 and diagram 1).
Comparing the level of plasma free fatty acidshef posttest of the two groups revealed that the
level of plasma free fatty acids was significarldwer in the exercise with choline supplement
group @ = 0.05; table 2 and diagram 1). In the exercise with @bacgroup and the exercise
with choline supplement group, the level of pladmeta-hydroxybutyrate in the posttests did not
show any significant difference as compared tovidaes from the pretests (table 2 and diagram
2). However, comparing the two groups it was obseérthat the level of plasma beta-
hydroxybutyrate was significantly higher in the tesg and posttest of the exercise with choline
supplement group as compared to the exercise Wabepo group ¥ < 0.05; table 2 and

diagram 2).

Table 2 — Comparison of the level of plasma free fiy acids and beta-hydroxybutyrate of male elite trathletes
under different conditions of prolonged exercise® = %)

Conditions Exercise with Placebo Exercise with Choline
Variables Supplement
Pretes Posttes Pretes Posttes P1 Pz PG P4
PlasmaFree Fatty |  g77,0530| 5434269 2.38+2.99 2774234  0.041* 809.| 0.194 | 0.012*
Acids (mmol/L)
Plasma Beta- 0.475:0.120| 0.564+0.203  0.904+0.349  1.156+0.568 7®.2 0.151| *0.028| *0.031
Hydroxybutyrate

Notes: P1 = comparing the pretest and posttesker@se with placebo; P2 = comparing the pretedd gosttest in exercise
with choline supplement; P3 = Comparing the pretestexercise with placebo and exercise with cleadmpplement; P4 =
Comparing the posttests of exercise with placeltbex@rcise with choline supplement. * Significaat® = 0.05 level.
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Diagram 1 - A comparison of the level of plasma frefatty acids of male elite triathletes under diffeent
conditions of prolonged exerciser{ = 2)
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Diagram 2 - A comparison of the level of plasma bathydroxybutyrate of male elite triathletes under
different conditions of prolonged exerciser = 2)

DISCUSSION AND CONCLUSION

Choline supplementation at the beginning of a 12@4te exercise session with proper intensity
for lipid oxidation which was performed by a groop elite triathletes led to a significant
increase in plasma free fatty acids at the endhefeixercise session (Table 2 and Diagram 1).
The increase in plasma free fatty acid was repadotedVolfe et al. (1990) at the end of 30
minutes of running exercise with moderateintenfiy], by Romijn et al. (1993) at the end of
120-minute exercises with 25% and 65% M@ax on a cycle ergometer [16],by Achten et al.
(2002) at the end of running exercise with an isitgrof 45% VQ max[17], and by Mourtzakis

et al. (2006) at the end of a three-hour run withirstensity of 44% V@ max [18]. These
findings are consistent with the results of thespré research. On the other hand, this finding is
inconsistent with another finding by Romijn and leabues who reported an increase in
availability of free fatty acids in low-to-moderaitgensities and its decrease in high intensities
(85% VO, max) [16]. Fatty acids are the primary energy sesirduring resting and performing
sports exercises with low-to-medium intensity ame @f the most important sources of fatty
acids utilized during sports exercises are plagemfatty acids. The main cause of fat oxidation
during sports exercises with medium intensity i ithcrease in availability of plasma free fatty
acids and this increase is the result of incredipetysis in adipose tissue, decreased saturation
of fatty acids, and increased blood flow to adiptissue [4]. It has been reported that active
skeletal muscles consume 80-90% of fatty acidsntake from the blood [19]. Thus, the
significant increase in plasma free fatty acidghat end of exercise with placebo which was
designed for ideal lipid oxidation indicates thergase in lipid oxidation in this exercise.

But the level of plasma free fatty acids did nodbwhany significant increase in the posttest of
exercise with choline supplement in comparison Wl pretest (Table 2 and Diagram 1). No
study has been carried out on the effect of chddmgplementation on plasma free fatty acids
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during a session of sports exercise, but SachanNaiko (2000) showed that the level of
plasma free fatty acids decreased significantlyats after a four-week period of taking a
combination of choline, caffeine, and carnitine dhey associated this issue with the positive
effect of increased plasma choline on permeabditthe membrane of skeletal muscles in
comparison to fatty acids and as a result, thetkbai greater uptake of these substances by
muscle cells [14]. Similarly, in exercise with cim& supplement in the present research,
considering the higher concentration of plasma fatey acids in the pretest of this exercise in
comparison with other exercises (table 2 and dragtd, the increase in plasma choline (not
mentioned here) will probably increase the permglmf plasma membrane of muscles cells
that are involved in the exercise to plasma fréty fcids and as a result it will increase the lleve
of uptake of free fatty acids by muscle cells andsequently will prevent the increase of plasma
concentration in the posttest exercise in comparigith the pretest. Comparing the two
exercises, the level of plasma free fatty acidthenpretest of exercise with choline supplement
was significantly higher than the exercise withcplao (table 2 and diagram 1). Hence, it appears
that choline supplement has increased the avatflalf free fatty acids in the beginning of
exercise. The possible mechanism for this effecttafline can be attributed to its lipotropic
quality which increases the release of lipids fribra liver, the mobility of free fatty acids, and
their transfer to energy generation parts [11]. Eeev, the level of plasma free fatty acids at the
end of exercise with choline supplement was sigaiftly lower than that of the exercise with
placebo and as was mentioned earlier, this issndeattributed to the effect of choline on the
permeability of muscle cell membranes to free fattyds and their greater absorption and
consequently to the increase in their oxidationacap. The significant increase in the level of
plasma beta-hydroxybutyratein the posttest of éisrcise can confirm this issue. The level of
plasma beta-hydroxybutyrate in the posttest of ékercise with placebo only insignificantly
increased in comparison with the pretest of thireise (table 2 and diagram 2). This finding is
inconsistent with the findings of Bordin et al. 92 and Carlson et al. (1971) [20 & 21]. In the
research carried out by Bordin et al. (2003), 90utas of treadmill exercise with an intensity of
50-60% VQ max led to a significant increase in the levelptdsma beta-hydroxybutyrate in
non-athlete subjects [20]. The difference in theess of subjects may be the reason for the
inconsistency between the results of the presesgareh and the research of Bordin. In the
exercise with choline supplement also the leveplabma beta-hydroxybutyrate insignificantly
increased in the posttest in comparison with tleggst of this exercise (table 2 and diagram 2).
But there has been no research regarding the etiEctholine supplementation before
performing a session of physical exercise on thellef plasma beta-hydroxybutyrate. Yet,
considering the research studies carried out bjp&aand Nobuko (2003) on the effect of long-
term choline supplementation on the increase o$mpéa beta-hydroxybutyratein female non-
athletes [13], this issue was expected to be whlifomparing the two exercises, it was
observed that the values of plasma beta-hydroxyaigyin the pretest and the posttest of the
exercise with choline supplement were significartigher than those of the activity with
placebo (table 2 and diagram 2). As we mentiortegtethas previously been no research on the
effect of choline supplementation on plasma betrtwybutyrate changes during a session of
physical exercise. Nonetheless, Sachan and Nok2®@3] confirmed the effect of a 5-week
period of taking a combination of choline, caffeim®@d carnitine on the level of plasma beta-
hydroxybutyrate in female non-athletes and consil¢he increase in its plasma concentration
as an indication of the increase in the processiaimplete fat oxidation in the body and the
transformation of acetyl coenzyme A produced byalmetidation of fatty acids to acetoacetate
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and finally to beta-hydroxybutyrate [13]. Sincecase of a decrease in the carbohydrates of the
liver and muscles, as in endurance sports exerdie¢sne bodies are a suitable energy source
for tissues such as skeletal muscles, the braiat meuscle, and kidneys, they can thus help
maintaining blood glucose [2]. Hence, the high ledfeplasma beta-hydroxybutyrate at the end
of exercise with choline supplement in comparisathwhe other exercise can indicate an
increase in fat oxidation and a decrease in thewaoption of blood sugar and maintaining body
carbohydrate sources.

Considering the results of the present researcltameconclude that choline supplementation
before a prolonged exercise will increase fat aiste capacity through increasing the
availability and uptake of plasma free fatty acith& increase in fat oxidation can be observed in
this exercise as the increase in the level of pdabeta-hydroxybutyrate. Thus, we can say that
choline can save carbohydrate sources in the badyngl performing prolonged exercises by
increasing fat oxidation.
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