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Abstract—The purposes of this study were to analyze and compare the effects of exercise performed in different
intensities, above and below lactate threshold) @n post-exercise blood pressure (BP) and nitric oxide (NO)
responses in individuals with type 2 diabetes (T2D). For this, 11 T2D underwent the following sessions: 1) control
session; 2) 20-min of moderate cycling (80%;Land 3) 20-min of high intensity cycling (120%)Lon a cycle

ergometer Plasma NO and BReasurements were carried out at rest and at 15 and 45 min of post-s&ghems.
compared to rest, only the exercise session performed at T26H6lted an increase of NO (from 7.2 to 9.5 uM,

p<0.05), as well as a decrease in systolic BP (from 126.6+7.9 to 118.7+3.9 mpwtHeR) during the post-exercise

period. In conclusion, the results suggest that NO release and post-exercise BP decrease are intensity-dependent
for individuals with T2D.

Keywords: nitric oxide, type-2 diabetes, high intensity exercise

Resuma—"Ciclismo acima do limiar de lactato € mais efetivo que abaixo para libera¢éo de 6xido nitrico e reducao
da pressao arterial pés-exercicio em individuos com diabetes tipo 2.” Os objetivos do presente estudo foram
analisar e comparar os efeitos do exercicio realizado em diferentes intensidades, acima e abaixo do limiar de lactato
(LL), sobre a resposta da presséo arterid) €Poxido nitrico (NO) em individuos com diabetes tipo 2 (DM2). Para

tanto, 11 DM2 foram submetidos as seguintes sessdes: 1) sessao controle; 2) 20 min de exercicio em cicloergbmetro
em intensidade moderada (80%LL); e 3) 20 min de exercicio em cicloergdmetro em alta intensidade (120%LL). O NO
plasmético e as medidas d& féram realizadas no repouso, bem como aos 15 e 45 min do periodo de recuperacao
de todas as sessdes. Quando comparado ao periodo de repouso, somente a sessao de exercicio realizado a 120%L
promoveu aumento do NO (de 7,2 para 9,5 p¥0,05) e, por conseguinte, uma diminuicdo na presséao arterial
sistolica (de 126,6+7,9 para 118,7+3,9 mmpi),05) durante o periodo de recuperacao pos-exercicio. Em concluséo,

os resultados sugerem que a liberacdo de NO e a diminuicad parécem ser intensidade-dependente para
individuos com DM2.

Palavras-chaves: 6xido nitrico, diabetes tipo 2, exercicio de alta intensidade

Resumen—“Ciclismo arriba del umbral de lactato es mas efectivo que abajo para la liberacion de 6xido nitrico y
reduccion de la presion arterial después del ejercicio en individuos con diabetes tipo 2.” Los objetivos del presente
estudio fueron examinar y comparar los efectos del ejercicio realizado en diferentes intensidades, arriba y abajo del
umbral de lactato (UL), sobre la respuesta de la presion artedipy (€1 6xido nitrico (NO) en individuos con

diabetes tipo 2 (DM2). Por lo tanto, 11 DM2 se sometieron las siguientes sesiones: 1) sesién control; 2) 20 min de
ejercicio en cicloergbmetro a una intensidad moderada (80%UL); y 3) 20 min de ejercicio en cicloergbmetro a una
intensidad alta (120%UL). EI NO plasmatico y las mediciones d& fad?on realizados en reposo y en 15y 45 min

del periodo de recuperacién para todas las sesiones. En comparacién con el periodo de reposo, s6lo la sesién de
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ejercicio realizado a 120%Uiromovié aumento de NO (7,2 para 9,5 jpé0,05) y por lo tanto, una disminucion de

la presion arterial sistélica (de 126,6+7,9 para 118,7+3,9 mp@y05) durante el periodo de recuperacion después
del ejercicio. En conclusién, los resultados sugieren que la liberacién de NO y la disminuciopatede ser
intensidad-dependiente para individuos con DM2.

Palabras claves: 6xido nitrico, diabetes tipo 2, ejercicio de alta intensidad

Introduction and the occurrence of PEH, in individuals with T2D, would

Type-2 diabetes (T2D) is among the diseases with higherbe dependent of exercise mtgnsﬂy domain. Thus, exercise
T . . performed aboveTwould elicit a higher NO release and a
incidence and prevalence throughout the worlddyRoglic, more significant PEH in individuals in T2D due to a higher
Green, Sicree, & King, 2004), and is associated mainly with a g g

sedentary lifestyle and inadequate feeding habits (Hu et al metabolic and cardiovascular stress (Moreira, Simges,
y y q g ‘Hiyane, Campbell, & Sim8es, 2007; Simfes et al., 2010).

2001)'. Th?s pat_hology Is associatgd to severa}l cardiovascylaq.herefore the aim of the present study was to analyze and
complications, including endothelial dysfunction and arterial compare t,he effects of different exercise intensities (above

hypertensmn.(Resmck& Hgvyard, 2002)..Endothel|a_l dysfun- and below D) on post-exercise BBRnd NO responses for
ction results in a lower activity of vasodilator proteins such .. . :
individuals with T2D.

as those of kallikrein-kinin system, and therefore in a lower

bioavailability of endothelial nitric oxide (NO) (Miche et al.,

2006). . Method
Physical exercise has been recommended as a non-

pharmacological treatment of systemic arterial hypertensionSample

(SHA) (Chobanian et al., 2003) and T2D (Colberg et al., 2010), . . .

since it elicits a significant post-exercise blood pressure (BP)U After?pp;o;al fr,?.m thefég'fzsoiimm't;ee. of tk;e Cat?cgl:c

and glycaemia reductiomhe lactate threshold ) has been . rljlver5|dy N ras; '? (n. | .) g.n .d5|g|na ulr'e.o I €

applied on aerobic evaluation and exercise prescription f0|Jdn. orme dco'r;hsizn (;g?’ be teverf1 n L)Vlthua s C |n|c§1 y

individuals with T2D (Sales et al., 2012; Morais et al., 2011; lagnosed with type-c diabetes, Trom Dboth Sexes, and non-

Motta et al., 2010), once exercise beloWik considered a Zmokedrs, twtire e\I/aIE[Jatede(ﬂ'le tl)k.'Thougrhnon-llnsullr? ¢
safe intensity associated to a low metabolic and cardio- ependent, the volunteers were taxing oral iypoglycemiants

vascular stress (Sales et al., 2011; Sim8es, Moreira, Moffattsu.Ch as fsulfon'ylur.eas, metformin, metformin+glibenclamide,
& Campbell, 2010). On the other hand, the benefits of exercis limepiride, pioglitazone chloridrate and/or had controlled

may be dependent of which intensity it is performed (Bahr&dootOI |rt1ltake.fEchu5|%n C“terﬁ fqr ptar;rtlmpail'on |n(|:Iu?[Ied
Sejersted, 1991). etection of any abnormality in the resting electro-

Some studies revealed that a single exercise session Cacrfrdiqgram observed by a cardiologist,. previous diagnosis
promote a significant BP decrease over minutes or hours pde.rlrt))h?ralfantd aluton?'mlc neu:r?pattdqfclnopathl)(astyvell
after exercise, when compared to pre-exercise values (Sale%S 'abetic Toot uicerations, orthopedic complica |9ns.,.or
etal., 2012; Morais et al., 2011; Motta et al., 2010; Simc”)es,any other problems that could impair the pe'lrt.lupants ability
Moreira, Moffatt, & Campbell, 2010). This phenomenon is to complete all the study procedures. Participants under use

known as post-exercise hypotension (PEH) and has beeﬁf insulin were not included in the studied sample.

suggested to be dependent of NO release, which is a

powerful vasodilator (Asano et al., 2012; Santana et al., 2011p gcedues

Patil, DiCarlo, & Collins, 1993). However the mechanisms

and the relationships between NO release and PEH remain Two hours before all experimental sessions the

inconclusive (Halliwill, Minson, & JoyneR2000; Pescatello, Vvolunteers ingested a standard breakfast with a moderate

Famgo, Leach, & Scherzet991), especially for2D . glycaemic index. The ‘breakfast kit’ was composed by a 40 g
On the other hand, previous studies have suggested thavanilla flavoured mini-cake (Pullm&) a 200 ml cup of mango

after performing exercise around tHEintensity individuals  flavoured light juice (Minute Maid PI&$ and a 30 g salty

with T2D present lower post-exercise BP reduction whenbiscuit pack (Pit Stdf). In total, 315 kcal were offered from

compared to their non-diabetic (ND) pairs (Motta et al., 2010;51.6 g of carbohydrate (66.9%), 4.6 g of protein (5.8%) and

Lima et al., 2008). This could be partially explained by the 9.5 g of fat (27.1%). The glycaemic index of the ‘kit" was

decreased activity of plasma kallikrein (Motta et al., 2010), considered moderate.

as well as a lower NO release in this population (Asano et The volunteers were instructed to interrupt the use of

al., 2012; &abler Katherine, Ham, Jeledo®& Allen, 2010). medicines (time to partially offset the effects of medicaments,
The effects of different exercise intensities on both NO and prevent damage to blood glucose and blood pressure of

release and PEH in individuals with T2D are still unknown. volunteers), to refrain from physical activity and to avoid

The present study hypothesized that both NO productioningestion of alcoholic beverages and caffeine during the 24
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hours that preceded experimental sessions. an over proportional increase of [Lac] was observed (Sales
Throughout the studyhe volunteers visited the Physical et al., 2011). In addition, whenever necessary the second

Evaluation and Training Laboratory at the Catholic order polynomial function, which consist of applyind the

University of Brasilia four times. The first visit consisted of [Lac] workload ratio versus increase workload to identify

a maximal incremental test on a cycle ergometer in order tadhe vertices and thus confirm the LL intensity (Simdes,

determine [I. Afterwards, the subjects underwent to three Moreira, Moffatt, & Campbell, 2010).

sessions: exercise at moderate intensity (80R% bigh

intensity (120% I[), and a control session (without exercise). ]

The intensities were classified as moderate (beldyand  120% LT session (S120)

inFense (aboveT) accprqmg to previqus athors Poole and The S120 was considered a high intensity exercise

Richardson (1997), Sim6es, Denadai, Baldissera, C"’mpb(ﬂ%ession and consisted of 20 min of aerobic exercise on a

and H'” (2005) and Denadai gnd Caputo (.2003)' Ex.perlmentalcycle ergometer (Lode Excalibur Sport, Netherlands) at a
sessions were performed in a randomized qrd&th an

. . nstant | rr ndin 120% of tAe L
interval that varied from 72 to 120 hours between constant load corresponding to 120% of tffe
experimental sessions.

80% LT session (S80)

Incremental exarise test The S80 session was considered moderate exercise

session and consisted of a 20 min cycle ergometer exercise
Lode Excalibur Sport, Netherlands) at a constant load
orresponding to 80% of thelL

Initially, the volunteers remained seated for 20 min and
then a resting electrocardiogram was performed and bloo
glucose was measureifterwards, an incremental test using
an electromagnetic cycle ergometer (Lode Excalibur Sport,
Netherlands) was initiated. The test started with a 1-minuteControl session (CON)
warm-up at 60 rpm without load, followed by a 15-watt
increment at each 3-minute stage until volitional exhaustion. ~ During the CON session, participants remained at rest in

During rest before exercise, as well as during the last 102 seated position for 20 min without exercise. Howgetrer
seconds of each incremental stage, 25 pL of blood werésame data collection procedures were carried out, as
collected from earlobe. These blood samples were collectedlescribed in the S120 and S80 session.
after puncture by using disposable lancets and heparinized
capillary tubes (the first drop of blood was discharged to
prevent sample contamination). The blood samples were the

stored in microtubes (Eppend®ytontaining 50uL of sodium Prior to the S120, S80 and CON sessions, the participants
fluoride (NaF) at 1% for later analysis of lactate concentra-remained seated at rest for blood sampling, as well as for
tions [Lac] through the electroenzymatic metho@l(dw  collection of hemodynamic and respiratory variables. The
Springs 2700S). measured variables included BBP3AC1-1, MicrolifeAG,
Expired gases were measured during the incremental tespidnau, Switzerland), HR (Polas810i, Polar Electro Oy

through a gas analyzer (Metalyzer 3B, Cortex Biophysik, Kempele), as well as blood lactate [Lac] and glucose (bGluc)
Germany), which was previously calibrated with a 3L syringe (yS| 2700,YSI Inc, Yellow Springs, OH, USA)The 25 plof

(flow calibration) and a mixed pattern of gas containing 4.9%p|ood were collected from ear lobe following the same
of CO,and 17.0% of Q(gas calibration). The values of procedures described in the incremental test section. The
ventilation (VE), oxygen consumption (V) and carbon  pre-exercise measures were done every 5 min up to 20 min.
dioxide production (VCQ) were registered during the last 20 The BPand HR were measured at the same momaAris:

sec of each 3 min stage. In addition, BP (Micréjfand  performing exercise and CON, the volunteers remained
heart rate (HR) (Polar S810, Kempele, Finland) were alsoseated for 45 min in which capillary blood (25 pL) and venous

measured. VQpeak was considered as the highest oxygenp|ood (8 ml) were collected at the'18nd 45 min of post
consumption attained at the exhaustion moment (Hawley exercise recovery period.

Bassett, &\Velch, 1995). Electrocardiograph patterns were
registered and accompanied by a cardiologist throughout
the whole test. Venous blood sample collection

Pre- and post-exeise pocedues

Blood samples (8 ml) were collected for NO analysis using
Lactate theshold determination (LL) a hypodermic syringe and deposited in two vac@dtibes
(4 ml) (BD, New JerseYJSA) containing EDA. The samples
In order to determine LL, the [Lac] kinetics during the \ere centrifuged at room temperature for 15 min at 3000 rpm.
incremental test was analyzdthe exercise intensity (&¥ts) The plasma aliquots were separated in microtubes

corresponding to the LL was determined by visual (Eppendorf) and immediately stored at -20°C.
inspection, by considering the exercise intensity in which
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Nitric oxide (NO) concentration Table 1. Main characteristics of the participants (f)=Data is
presented in mean + standard deviation.

Plasma NO concentration was predicted from plasma
nitrite measurements. For this 50uL of phosphate-buffered
saline (PBS) were added in the sampitandard curve wells

Individuals with Type-2

using 96-wel! pIates_Afterwards, 1Q0ulof NaNQ, at ;OOuM, . Age (years) %'ggeie;_o
previously diluted in a 1:200 ratio, were added in the first
sample$ standard curve wells. Latesuccessive dilutions Sex (maleffemale) 5/6
in a 1:2 ratio in the following wells were performed to Body mass (kg) 748+£12.2
determine the nitrite’standard curve. In the sampleiells, Height (m) 1.61+0.1
50uL of plasma were added together with 100uL of a mixture gy (g.m?) 28.8+4.6
containing sulfanilide at 1.0% in phosphoric acid at 2.5%, Waist circumference (cm) 90.3 + 10.0
and naftiletilenodiamide at 1.0% in phosphoric acid at 2.5% e
in a 1:1 ratio was addedfter 10 min of incubation at room  Fasting glucose (mg.d) 154.7+56.8
temperature the ELISA reading at 540 nm was performed. SBP at rest (mmHg) 129.5+10.1
The amount of nitrite from each sample was calculated using pgp at rest (mmHg) 73.1+10.3
the absorbance linear regression equation from the known g

VOzmax (mL.kg".min™) 21.1+45

quantity of nitrite from the NaNQsolution (200uM to

0.097uM) (Bikas, 2007). BMI= body mass index; SBP= systolic blood presstb&P= diastolic blood
pressure; MBP= mean blood pressure;,v@x= maximal oxygen uptake reached
during the incremental test.

Satistical analysis

Normality of data was tested through skewness andcompared to CON. Diastolic blood pressure (DBP) and mean
kurtosis tests, with all variables presenting values betweerrterial pressure (MAP) showed no significant changes after
-1.0 and + 1.0Analysis of variance (ANOX) for repeated ~ €xercise during the experimental sessiore(& 3).
measures with Bonferrom’post hoc were app“ed to com- The correlation between NO and SBP after exercise
pare between (S120, S80 and CON) and within (rest, 15 mirpession at 120%I(S120) showed a moderate and significant
post-exercise, and 45 min post-exercise) values of systolidP<0.05) correlation coefficient (r=0.55) (Figure 3).
blood pressure, diastolic blood pressure, mean blood
pressure and nitrite (as NO measure). Pearson correlation
was applied between NO results and PEH. Data are expressed
in mean + standard deviation. The level of significance  The main findings of the present study were that exercise
adopted was 5%p¢0.05) and all procedures were performed performed at a higher intensity (120% df)Lpromoted an
using the Statistical Package for the Social Sciences (SPS$hcrease in NO production and, consequentbst-exercise
v.15.0 for windows. BP reduction in individuals with T2D. On the other hand,

Discussion

Results

Table 1 presents the main characteristics of the sample
regarding anthropometripody composition, fasting glucose
and BP 2

The results from the present study indicate that the 19
chosen exercise intensities were significantly distinct, since

25

[
@

ml.kg-1.min?, p<0.05), as shown in FigureTable 2 presents
the percentage of maximal oxygen uptake (V®in which
exercise was performed and the rate pressure product as TTIE S S s -
marker of cardiovascular stress.
Regarding the NO, only the S120 session elicited a 2
significant increase of this variable after exercise (from 7.2
MM to 9.5 uM p<0.05) (Figure 2). Figure 1. Mean values of oxygen uptake (y@uring exercise in
Post-exercise systolic blood pressure (SBP) decreaseds120, S80 and CON (n=11). ex5-ex20: 5min to 20min of exercise.
significantly (p<0.05) at the 1%and 43'min of S120 when S120= exercise session at 120% of lactate threshold; S80= exercise
compared to pre-exercise resting values. In addition, onlysession at 80% of lactate threshold; CON= control session. *=
this session elicited a significantly lower SBP values when P<0.05 in relation to CON; 1p<0.05 in relation to S80.

~

VO, at S120 was higher than S80 (17.6+0.8 vs. 13.4+0.3 ml.kg- ?Eu i
1.min?, p<0.05), and both sessions presented significantly ‘i <rllee G0
higher mean oxygen uptake when compared to CON (2.9+0.1 =1 —4=sC
s
=

s

[

rest ex5 ex10 exls ex20
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Table 2. Results of %02max and rate-pressure product (SBRR) during exercise in S120, S80 and CON sessiondn=1

S120 S80 CON
% VO ;max 84.7 + 6.0*1 54.9 £12.1* 155+2.8
Rate-pressure product 17898.0 + 2723.1* 15803.3 +£ 1989.7* 7632.1 +1184.3
Blood Lactate (mM) 5.2+ 1.5* 28+0.9 1.3x05
Blood Glucose (mg.dLY) 86.7 £ 11.3*t 103.0 £ 25.2 1144+ 38.1

S120= exercise session at 120% of lactate thress@d= exercise session at 80% of lactate thresi@BN= control session; Vhax= maximal oxygen
uptake. *=p<0.05 in relation to CON; = p<0.05 in relation to S80.

Table 3. Between and within comparisons of blood pressure (mmHg) in individuals with type-2 diabefpdatalexpressed in mean +
standard deviation.

Rest recl5 min rec45 min
SBP S120 126.6 £7.9 118.7+ 39 118.3+2.9
S80 126.2 + 14.4 126.1+7.5 125.1+11.3
CON 127.5+10.1 127.0+10.6 129.2 +10.9
DBP S120 75.6 + 6.6 77.1+4.7 78.6 £7.0
S80 75.4+8.8 75.3+8.5 76.0+7.9
CON 714838 75.5+8.2 73.8+7.6
MAP S120 177.0+11.4 170.2 +5.3 170.7 £6.2
S80 184.3+7.5 176.1+10.9 175.8 +13.8
CON 179.9 £ 8.0 177.3+13.9 178.4+12.0

SBP= systolic blood pressure; DBP= diastolic blpoessure; MAP= mean arterial pressure; rec15% b of post-session recovery; rec45="4%in of post-
session recovery. *= p<0.05 to rest in the samsieest= p<0.05 to CON at the same moment.

such findings were not evidenced when exercise wasncrease in salivary NO and greater PEH were observed after
performed at a moderate intensity (80% df)Lsince no high intensity exercise in elderly women.
significant changes were shown in both NO and post-exercise In the present study the moderate intensity exercise
BP. In this scenario, exercise performed in a higher exercisesession was not able to promote an increase in NO
intensity domain seemed to favor a better post-exercise BProduction and, therefore, no PEH was presented by our
control for individuals with T2D. But the correlation between participants. Corroborating to this, Motta et al. (2010), while
NO and PEH was only moderate. investigating the effect of T2D on post-exercise of plasma
Similar results have been found in a recent study fromkallikrein activity (a precursor of NO production) and BP
our laboratory (Santana et al., 2011) in which a significantafter moderate exercise (90% of)L. found a significant

-
] -
=
¢ 1 2 . . —
7 ms120 3 * -
3 e
6 "
5 . 5
5 OCcoN -l
B N

4 10 - o .
3 — -

—
2 @15 *

.

1 ” . r=0.549*
o < 20 * p<0.05

rest rec 15 rec45

Nitrite (uM)

ASystolic Blood Pressure

-2 Q 2 4 & B8 10 1z 14
. I . ANitrit
Figure 2. Mean and standard error of nitrite concentration as ¢ )

marker of NO release at rest,"fin (rec15) and 45min of post-

exercise recovery (rec45) (n=11). S120= exercise session at 1204tigure 3. Pearson correlation betwe®systolic blood pressure
of lactate threshold: S80= exercise session at 80% of lactat@ndA nitrite release at exercise session at 120% of lactate threshold

threshold; CON= control sessionp<0.05 in relation to rest. (8120).
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increase in plasma kallikrein activity and reduction of BP in of exercise intensity induced by the increase of the activity
non-diabetic subjects but not in individuals with T2D. Thus, of the kallikrein-kinin system, and in consequence, a higher
it is possible that individuals with T2D would be benefitted NO release (Pontes et al., 2008). Pharmacological treatments
from exercise bouts performed at higher intensities. Likewise,that increase the activity of the kallikrein-kinin system, and
Lima et al. (2008) found a PEH of greater magnitude andthus the production of NO, have shown efficacy in the
duration in individuals with T2D after performing exercise at treatment of individuals with hypertension and T2D
110% LT when compared to 90%ILHowever in these last ~ (Moreira, Simdes, Hiyane, Campbell, & Simdes, 2007). On
studies (Motta et al., 2010; Lima et al., 2008), NO was notthe other hand, non-pharmacological treatments, such as
measured. exercise, have also been characterized as good strategy to

In the present study the production of NO seemed to beimprove endothelial function (Rallidis et al., 2009), especially
also dependent of the intensity in which exercise wasfor not presenting collateral effects. Furthermore, Kingwell,
performed, since only the S120 resulted in a significant Formosa, Muhlmann, Bradleg McConell (2002) demons-
increase in NO concentration associated to a decreased SBifPated a strong association between glucose uptake and NO
during the post-exercise recovery period. Santana et alproduction during exercise in T2D.

(2011), while investigating the effects of different exercise ~ Even though individuals with type-2 diabetes have
intensities (maximal exercise vs. 90% intensity) on NO impaired NO production at rest (Ghosh, Sherpa, Bhutia, Pal,
release and post-exercise BP in elderly individuals, also& Dahal, 2011), aerobic exercise seems to acutely increase
demonstrated a significant NO increase together with PEHthe production of this metabolite in T2D population,
only when the higher intense exercise was performed. especially in more intense exercise sessiddslitionally,

T2D is associated with a decreased activity of the studies have also associated a higher production of NO in
kallikrein-kinin system and elevated oxidative stress that T2D individuals with an increase in glucose uptake
may elicit endothelial dysfunction (Sharma & Narayanan, (Kingwell, Formosa, Muhlmann, Bradle§ McConell, 2002;
2011; Rodrigo et al., 2007). These processes result in a loweMcconell & Kingwell, 2006), both effects being extremely
NO release and thus a decreased vasodilation (Asano et altglevant for T2D.

2012; Sabler Katherine, Ham, Jeledpf& Allen, 2010). Moreover the 120% [ session was considered safe for
Therefore, these factors could partially explain the impairedour participants, once the main cardiovascutagtabolic
ability that individuals with T2D have to present PEH, and ventilatory responses did not increase over
especially when exercise is performed at lower intensities.proportionally during exercise session, remaining within
However the efects of performing exercise in d#rent recommended values (American College of Sports Medicine,
intensities (eg. moderate vs. intense) and type 0f1998). On the other hand, we suggest caution on prescribing
intervention (i.e. chronic vs. acute exercise) on the aerobic exercise abovélparticularly in sessions lasting
endothelial function of individuals with T2D need further up to 20 minutes for individuals with low fitness and clinical
investigation. limitations to exercise. If applicable, prescription of high

In spite of this, a moderate correlation between NO releaseéntensity exercise should be done on an individual basis
and PEH was observed in the present stsdggesting a  (e.g. severity of diabetes should be considered) and after
possible relationship between exercise intendl release  appropriate medical screening. Such abov@tescriptions
and PEH. Investigations with animal models have suggestedhould be limited to those patients without cardiovascular
that the occurrence of PEH may be mediated by NO (Howardand metabolic complications.

& DiCarlo, 1992; Patil, DiCarlo & Collins, 1993). However One possible limitation of the present study was the
the relationship between these factors and mechanisms i@bsence of a control group of individuals without diabetes.
humans remain inconclusive. Kingwell, Formosa, Muhlmann, However previous studies have already presented that
Bradley and McConell (2002) found that the persistent individuals with T2D have lower production of NO, lower
peripheral vasodilation after a single bout of moderate- vasodilation, and, consequentlyigher BPvalues at rest
intensity exercise is resistant to nitric oxide synthase when compared to their non-diabetic pairs (Matheeif,
inhibition, and it does not appear that PEH would be Steinbeg, & Baron, 2004). Moreovethe intensities of the
dependent of increased production of NO in young healthysession were different (120% LL and 80% LL) but the exercise
humans.To our knowledge, howeverthe present duration was the same (20 minutes) for both sessions. Thus,
investigation is the first study in humans with T2D analyzing the training load was higher during the intense exercise
the effects of exercise at different domains of intensity (e.g.session (S120). Therefore, it is important that future studies
below LT = moderate vs. aboveTl= intense) on both NO  comparing exercise performed in the same workload but in
and PEH. different intensities in order to evaluate the differences

In order to benefit from PEH, the T2D individuals with related to intensity and training load.
controlled BP and glucose should perform exercise slightly
above the anaerobic threshold. These benefits would .
probably occur due to the higher metabolic and mechanical Conclusion

stress promoted by exercise at such intensigo(bro, Based on the present findings, we conclude that NO
Natali, Fernandes & Peluzio, 2010), since PEH is dEpendenbroduction and the occurrence of PEH seems to be
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dependent of exercise intensitgince only exercise 2 diabetes more than in control subje@gabetes, 512572-
performed above theTLsignificantly increased the 2580.
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