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ABSTRACT

The purpose of this study was to determine theteffepre-exercise carbohydrate meals with highcelyic index
(HGI) or low glycemic index (LGI) on circulating ueocytes and plasma cortisol concentrations foliayvi
subsequent endurance exercise. 12 male subje@s2g + 0.35 yrs, body mass 76.1 + 3.5 kg, heighi7 +0.02
m, body fat percentage 11.1 + 3.23, VO2max 51.186b mL-kg-1-min-1; mean + S.E.M.) performed twar®0
runs on a treadmill at 70% VO2max two hours aftegeisting a HGI or LGl meal. Each isocaloric testaine
contained 1 g-kg-1 body mass of carbohydrate aadgticemic index values were 94 and 40, respegtivelals
were separated by at least 7 days in counterbaldmeder. Results were analyzed using a two-fadtaal (x time)
repeated measures ANOVA with post hoc (Bonferamjparison as appropriate.Reduced circulating lyngytes
concentrations were observed immediately after @sercompared to pre exercise levels in both HGI afsl.
However, no differences were found in all the lyogytes counts between the HGI and LGI trials (p48)%
Indeed, Results indicated a slight increase inrthmber of neutrophils in each of the groups, bit ificrease was
not statistically significant in both groups (p=0&). Although During the LGI trial, there was a pressive
increase in monocyte concentrations immediateleragxercise (p=0.013), Results indicated insigaific
differences between HGI and LGI groups (p=0.583uBecortisol concentrations increased after the ainsf
exercise in both HGI and LGI (p=0.11), but no diffeces were found among the trials throughout ther@se
period (p=0.594).This paper indicated that ingestiof 1 g-kg body mass of carbohydrate with high or low
glycemic index 2 hours before endurance exercisg liraited effects on circulating leucocytes and tisot
concentration.
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INTRODUCTION

Over the past 15 years a variety of studies havenodstrated that exercise induces considerable
physiologicalchange in the immune system. The aatgons between exercise stress and the immunensyst
provide a unique opportunity to link basic and icih physiology and to evaluate the role of undedystress and
immunophysiological mechanisms(1). Indeed, therbath scientific and anecdotal evidence that agkletuffer
from an increased number of infections after alsimgtensive competitive event. It is well knowrathntensive
exercise is also associated with alterations irersdvimmunoregulatory hormones (2).I1t has been assigg that
exercise represents a quantifiable model of physicass. It is well known that intensive exerdsalso associated
with alterations in several immunoregulatory horemiResponses of blood leukocyte subpopulations Epesode
of acute exercise are highly stereotyped. Neuttoptmcentrations increase during and after exercideereas
lymphocyte concentrations increase during exeraiz@ fall below pre-values after long-duration phgbiwork.
One of the more pronounced features of physicalipcbn immuneparameters is the prolonged neutasiy after
acutelong-term exercise. With regard to the fumctid neutrophils, exercisehas both short- and lengy effects.
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Acute, intense muscular exercise increasesthe otnatiens of a number of stress hormones in thehlowluding
epinephrine, norepinephrine, growthhormorgeendorphins, testosterone, estrogen, and cortisetgas the
concentration of insulin slightly decreases.Thespla concentrations of cortisol increase onlyintietato exercise
of long duration. It has been shown that cortiowstls given intravenouslyto humans cause lymphagmna,
monocytopenia,eosinopenia, and neutrophilia thethréheirmaximum 4 h after administration (1). Wedthesize
that cortisol likely has a role in maintaining theutrophilia and lymphopenia after prolonged, iseeaxercise such
as a marathon (1).

On the other hand, Although the mechanisms aresancit has been reported that carbohydrate (Cld€jifg at
regular intervals during prolonged, strenuous aserdés associated with smaller perturbations in tital and
differential circulating leucocyte counts and attated reduction in functional responses in a nungfemmune
cells and mediators, including lymphocytes, neutilspand inflammatory cytokines(2). However, thaited data
still suggested that pre-exercise low-CHO mealgeiased the magnitude of leucocytosis and a ris¢hén
neutrophils in the blood. It seems likely that paftthe underlying mechanism behind these respoises
attenuation of the cortisol response to the exeraisd maintenance of plasma glucose concentratignsndeed,
Until recently carbohydrates have been classified ‘simple’ and ‘complex’ based on their degree of
polymerization; however, their effects on healthyrba better described on the basis of their phggioal effects
(ie ability to raise blood glucose), which deperathbon the type of constituent sugars (eg glucfrsetose,
galactose) and the physical form of the carbohgd(ay particle size, degree of hydration). Thissikcation is
referred to as the glycemic index (GI). The Gl iguantitative assessment of foods based on posfipiariood
glucose response (3). Numerous studies have seggstt a low-Gl meal consumed at different times,1-4 h,
prior to prolonged exercise can maintain higher obloglucose concentrations, decrease plasma lactate
concentrations during exercise and/or post-exereisd cause a relative shift in substrate utilaafrom CHO to
fat compared with a high-GI pre-exercise meal()sji the inconsistency on improvement in exerpegormance
after the ingestion of Gl meals, most findings aadé that a pre-exercise low-Gl meal may have pialdmenefits
over a high-GI meal because of the promotion ofstietained CHO availability during exercise (5).

Yan Chen and colleagues showed both a quiet timeafier 10 km of running on a treadmill with a 7@#ak
aerobic power with Consumption of meals with diéer glycemic index, leads to a reduction in the bemof
leukocytes, neutrophils and T lymphocytes in ciatioh (6). In another study Yan Chen and colleagivsved that
carbohydrates with high and low glycemic index dapgentation during 5 km run at 70% peak aerobicgyoand
the desired speed of 16 km two hours before exerogsulting in reduced cortisol responses durggvery in the
groups containing low Gl meal compared to groupsaming meals with a high glycemic index and cdrgroups
(5). In addition, Lee T Zeel and colleagues showadbohydrate supplementation with low versus hibylcegmic
index, affects Leukocyte accumulation after 90 neswof running at 70% peak aerobic power and thpamses of
stress hormones and cytokines are also reducede§pite the recent advances in research regarding
immunosuppression and CHO supplementation, fewietud any, have directly investigated the influerof a Gl
meal on immune response to prolonged exercise.eTibatlearly a need to clarify the role of GI onm&immune
responses during and/or after prolonged exercigeUsing an identical design and subject populadod also
provide simple and accessible diets for the atblatehe country, this study aimed to examine tifieceof a 2 h
pre-exercise meal with different Gl on immune res@Es to an endurance performance run. It was hgpiatid that
compared with a high-GI meal, the consumption ¢dva-Gl meal 2 h before exercise would result ineduced
cortisol response to exercise, which in turn woalldw the maintenance of the immune function durnxgrcise
and recovery.

MATERIALS AND METHODOS

Subjects

12 male athletes selected in this study which vpgsaved by the University Clinical Research EthiCaimmittee.
They were also required to complete a general Inepléstionnaire and were excluded if any medicatiah been
taken during the 4 weeks prior to the study areyifiptoms of any infections had been experienceddrd weeks
prior to the study. Moreover, at the time of thedst all subjects were involved in normal trainiBubjects were
instructed to keep their daily exercise to a minimand to standardize their diet during the 72 rceueng each
main trial. Each subject kept a 3 d diary of thdiatary intake before the main trial and energpketand dietary
composition were subsequently analyzed (The Foodd3sor 10.0, Esha). Subjects' characteristicsrasented in
Table 1.
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Tablel. The general features of the participantshie data are given based on the mean and standardwigtion

VO2max BMI body fat Height Body mass Age
(ml-kg-1-min-1)|  (kg/ n?) percentage (m) (kg) (year)
51.18+0.65 24.18+0.67| 11.1+3.23 | 1.77+0.02| 76.1+3.58 | 24.8+0.35

Physiological measures

After selection procedure, subjects were askedstess the physiological characteristics refer & Whiversity
sports physiology laboratory. Subcutaneous fatgisaliper (model YAGAMI) with instructions based an eight-
point, Body mass index (BMI) using a body compaositianalyzer (model biospace) making South Korea And
maximum oxygen consumption using the instructiolsta and colleagues was measured on a treadmill(8)

Diet and exercise protocol

Each isocaloric test meal contained 1 g-kg-1 bodgswf carbohydrate (9) and the glycemic indexesluere 94
and 40, for high and low glycemic meal respectiv€lable 1). High glycemic staple-diet consists cdsimed
potatoes and the staple diet with low glycemic whgtain spaghetti was also included in the same (able
2).All subjects performed two 90-min runs on a diredl at 70% VO2max(10) 2 hours after ingesting @ltbr LGI

meal. Subjects matched fluid intake to 2 ml of plaiater per kg of body weight every 15 minutes afvity was

used(11,12). Subjects who had consumed a high migcdiet on the first day, consumed low glycemietdand
vice versa. Diet composition is presented in T&ble

Table 2. Nutritional composition of pre-exercise mals (for a 70 kg participant)

Meal Description Estimated GIt| Macronutrient conten
368kcal
70 gr carbohydrate

420 gr g potatoes (baked)

HGI 155 gr tomato sauce 94 13.8 gr protein
625 ml water 2.3 gram fat
368kcal

420 gr macaroni (cooked)
LGI 155 gr tomato sauce 40
625 ml water

70 gr carbohydrate
13.8 gr protein
2.3 gram fat

Gl, glycemic index; CHO, carbohydrate.
T Calculated by a method described in the work of Wiéaiet al (1991), with Gl values. Taken from theknaf Foster-Powell et al (2002).

Blood Samplingand variable analysis

In order to reduce the effect of circadian rhythmimmune function tests were performed in midday bnorder to
reduce disturbing effect on test variables, thiglgtas a double blind, crossover design was coaduict two
sessions a week away in counterbalanced order. dratype approximately 20 ° C and humidity about 5586
calculated. In the morning of test session, thejemt® sat on the chair and then blood samples fiasting
participants were taken through the left brach&hvIn the next stage of diets with different glytc distributed
among subjects. Subjects had 15 minutes' to irtfadie diets then, they were given 2 hours to rét(A second
blood sample was taken immediately after the agtivihen 5 ml of plain water per kilogram of bodight
consumed by subjects. Thereafter subjects werallotwed to drink water or consume any food tchanor after
the third and final sampling.Plasma cortisol wasasweed by RIA kit (IMMUN-TECK, France ) and IL-6sal
measured by Assay (ELISA) kit (Diaclone, Besandenance). Blood glucose assay kit was PARSAZMOOBIN)ir
and a measure of immune system cells CELL COUNTEBIgIX-KX21 method was used.

Statistical Analysis

Statistical Analysis First normal data distributiand homogeneity of groups in order to test theniGaorov —
Smirnov and Leuven was determined. All statistezdtulations were performed using SPSS versio\1@0-way
ANOVA (trial and time) with repeated-measures desigas used to assess metabolic and immune diffesenc
between groups. Any significant F ratios were assg@susing a Holm-Bonferroni stepwise post hoc test
determine the locations of variance. All statidticaculations were performed using SPSS versiorAll$lata were
presented as means with their standard errors thgtisignificance set at P<0<05.

RESULTS AND DISCUSSION

Variable changes shown in table3.
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Table 3. Effects of high and low glycemic index oblood variables before, after and 1hour after 90mirrunning at 70% vo,max
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Fig 2. Plasma lymphocytes (a), neutrophils (b) anchonocytes(c) concentrations at rest, immediately &gr(post)and 1 hour after
prolonged strenuous exercise with the ingestion af high-glycemic index (HGI), low-glycemic index (L@) meal.

Lymphocytes, monocytes and neutrophils

At rest all subjects had total and differentialdecyte counts well within the normal ranges forIthgaadults.
Reduced circulating lymphocytes concentrations wéserved immediately after exercise comparedacegercise
levels in both HGI and LGI (Table3). However, ndfeliences were found in all the lymphocytes colrgveen
the HGI and LGI trials (p=0.443) (Figure 2a). IndedResults indicated a slight increase in the numndfe
neutrophils in each of the groups, but this inoeeaias not statistically significant in both grops0.376) (Figure
2b). Although During the LGl trial, there was a gressive increase in monocyte concentrations imaelgt after
exercise (p=0.013), Results indicated insignifiadifferences between HGI and LGI groups (p=0.5&8yre 2c).

Serum cortisol

Serum cortisol concentrations increased after tiseioof exercise in both HGI and LGI (p=0.11) (| but no
differences were found among the trials througlloeitexercise period (p=0.594) (Fig. 3).

High Glycemic Index [l Low Glyeemic Index [
30.00 -

25.00 -

Pre post l1hpost

Time
Fig 3. Plasma cortisol concentrations at rest, imnukately after(post)and 1 hour after prolonged stremous exercise with the ingestion

of a high-glycemic index (HGI), low-glycemic indeXLGI) meal.

The data from the present study indicate that pegetse CHO ingestion with a low glycemic index qared with
high glycemic index (1 g CHO/kg body mass) 2 hoafobe strenuous endurance activity (90 minuteg0&8b
Vo2max) has maintained plasma glucose concentsabandid not alter leukocytes count, interleukiar@ cortisol
concentrations.
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According to present study, blood leucocytes anditid@hils and Cortisol concentrations, had no digant
changes, which are in disagreement with result @fjun Chen et al(5,6) and Lee T Zil et al(7) . éems that
amount of CHO ingestion was not sufficient for immuesponse changes. The direct effect of hypergiiec on
the immune system is acceptable. Reduction in bigjodose concentration stimulates secretion ofmpéasortisol

in circulation that as a part of the body's natmegative-feedback system, proinflammatory cytokiaetivate the
HPA axis and the sympathoadrenergicsystem, exertatigpng anti-inflammatory actions. Release of
adrenocorticotropic hormone and cortisol duringreisehas been linked, in part, to decreases indblylacose
concentrations, with a variable effect on.IL

Carbohydrate (CHO) ingestion during exercise hantslown to reduce perturbations in immune cellbrmnand
function, possibly through a reduction in the cmtiresponse to exercise.lt has been reported0H& feeding
during long-duration intense exercise results iduoed perturbations to both immunoregulatory homsoand
immune indexes, including cell numbers and T-lynmphe function. It is widely reported that exercsténulates
the hypothalamic pituitary adrenal axis and resitslevated blood cortisollevels. In addition tekrcise stimuli,
cortisol levels are heightened in response to aedse in blood glucose levels. CHO ingestion has lshown to
improve glucose availability. It has therefore bemigygested that exogenous CHO feeding during eseertiay
influence the immune response to exercise by maintablood glucose levels and thereby reducingisol

CONCLUSION

The low glycemic index meal was associated with ltleter maintains of blood glucose during and a$tei
maximal endurance exercise, which may be explamekbwer responses of insulin not cortisol and. lindeed, it
seemed that responses of blood leukocytes, contisntentrations were independent from glycemic xndé
carbohydrate meals
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