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The Effects of Acute Resistance Exercise on Ischemia-Reperfusion Injury-Induced
Macro and Microvascular Dysfunction in Healthy Young Adults

Eun Sun Yoon', Soo Hyun Park', Yong Hee Lee', Chong Leez, Sae Young ]aeI

'Department of Sport Science, University of Seoul, Seoul, Korea,
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Ischemia reperfusion injury (IRI) leads to a temporary decrease in macrovascular function, but whether IRI causes
microvascular dysfunction is not known. Resistance exercise involves muscular contractions that can make
downstream tissues ischemic and may ischemic preconditioning the vasculature against endothelial IRI. We tested
the hypothesis that an acute resistance exercise prior to IRl would prevent or attenuate IRI induced macro- and
microvascular dysfunction in healthy young adults. Nineteen healthy young subjects (age 22+2 years) were randomly
assigned to either a resistance exercise group (n=10) as a model to produce ischemic preconditioning or a control
group (n=9). The resistance exercise was performed eight types of systemic resistance exercise. Ischemia was
induced by inflating a cuff placed around the upper arm to 200 mm Hg for 20 minutes. carotid-femoral pulse wave
velocity (cfPWV) as index of macrovascular function and reactive hyperemia index (RHI) using by fingertip arterial
tonometry as index of microvascular function were measured at baselines and 15 and 30 minutes after ischemia
reperfusion injury. cfPWV was increased in control group but decreased in resistance exercise group following IRI.
There was a significant interaction effect between resistance exercise group and control group for cfPWV (p=0.022).
The RHI was unaffected following IRl and also unchanged by a resistance exercise. These findings show that
ischemia reperfusion caused macrovascular dysfunction but not microvascular dysfunction. However, this macro-
vascular dysfunction following IRl was not shown in the resistance exercise group. Thus, an acute bout of resistance
exercise prior to ischemia may prevent against ischemia reperfusion injury induced macrovascular dysfunction.
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52 bascline 274 3 NG AH 558

(chest press, lat pull down, arm curl, back extension, torso)Z}

Table 1. Physical characteristics of the subjects

Characteristic E (n=10) CON (n=9) p-values
Male/Female (n) 6/4 5/4
Age (y) 23+2 2242 0.095
Height (cm) 170.80+7.08 169.00+8.02 0.610
Weight (ka) 66.65+12.95 66.72+12.24 0.990
BMI (kg/mz) 22.70+£2.90 23.2812.79 0.664

Muscle mass (kg) 50.62+11.17 49.81+11.93 0.880
Body fat (%) 18.71+£4.90 20.83+6.17 0.416

Brachial SBP 111.80£13.63 109.56+13.78 0.726
(mm Hog)
Brachial DBP 64.90+7.08 66.11+£10.35 0.767
(mm Hg)

Alx@75 bpm (%) -8.45+12.62 -16.56+6.34  0.101
cfPWV (m/s) 6.61+£0.96 6.25£0.93 0.418
RHI 2.414+0.93 2.12+0.65  0.446

Values are presented as meanzstandard deviation.
RE: resistance exercise group, CON: control group, BMI:
body mass index, SBP: systolic blood pressure, DBP:
diastolic blood pressure, Alx@75 bpm: augmentation index
corrected for heart rate of 75 bpm, cfPWV: carotid femoral
pulse wave velocity, RHI: reactive hyperemia index.

SHA| 3£ E(leg press, leg extension, leg curl) 5 & 8FES
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Strength & Conditioning Associationo]| 4] H%}5}+= Baechle =
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& AL 919 02 5 B AN FAS Ak
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38 AUF AL ¥ AL Khabanda 57}
Loukogeorgakis 59 7oA A&t WHl& wa}ﬁu}.
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He7kA) el 27107 057 BRE Athslol 58 AE
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%
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2 Aol A 2HE24 7](DS-102, Jenix,
Korea) S ©]-§ 6}0% *Jxo(cm)# A5 (ke)= %’ﬁé‘h AAFA
A=A F{kgl/ AR m’]). AT
ARG F Mlxd | A Z o]-&5te] &4 3} tH(Inbody

Fig. 1. Experimental design. RE: resistance exercise.

—»| Control group Rest Ischemia Reperfusion |
(n=9) 70 min . .
Baseline 15 min 30 min
Subject
(n=19) Measurement 1 Measurement 2 Measurement 3
Resistance -
Ly exercise RE Rest Ischemia Reperfusion |
group Baseline 40 min 30 min 20 min 15 min 30 min
(n=10)
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3.0, Biospace, Seoul, Korea).
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Control armm

Baseline peri
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PAT ratlo—— /— x baseline correction factor
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Test/baseline ratio of tested arm Test/baseline ratio of control arm
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Fig. 2. Measurement of microvascular function. PAT: pe—
ripheral arterial tone.

o] &g WMul Z=Z ¥ 3l(reacitve hyperemia index, RHI)E
A5} % tHEndoPAT 2000, Itamar Medical, Cacsarea, Isracl)”.
JY-&=(21°C-24°C)9F & 2181 ALo] BAH 3 of A
&3 28 PHoR WS BRI FHAL FA

M 5 Ao B AZE BRI, FE HA 71

Lo A o

=2

probeE 28510 SE7 baseline pulse amplitudeS 27 3}%th.
o]% ¢t A= ¢HelS 200 mm Hg7bA| AF&AlA 5E7¢
b PL’E}‘?&F}- —"'ﬁ: T SA EUAY e 0 mm Hgo 2
zo

x}:} % 397 602 -er-:i 120% B
9 pulse apliude B2 018311 s 2 3402
FoA0m, 24 Au | AFE GueBel o) AF 4
shith(Fig. 2).

6. REXZ|
SAE BE AR Yo% EEUAE ST 38
AT S iE L34 AR 25 ALY A
T Aol & ek A3 AHATLE, FADLE S
(A, 38 AEF 158, 308)8 SHHULR 3= 23
repeated analysis of varianceS AAISHATE F ek 7+ Aol A
PASW ver. 18.0

2 59 testE o] BE FAEA L
(SPSS Inc., Chicago, IL, USA)E o]-&3}l9 2
<0.052 AAstHrch

£

Table 19]+= F A 719 AAH EAL HlasqHoH,
ZE HAEL Ak 7t 2o]E Ho|A ¥ttt Table 20]&=



824 “.

Yoy XYY 50| oY AMTT AN Rt HIAY

9 oK

71500 UXle IY

Table 2. Augmentation index and blood pressure in response to a ischemia—-reperfusion injury in

group and control group

a resistance exercise

Reperfusion

Characteristic Baseline p-values
15 min 30 min
Alx@75 bpm (%) 0.895%
RE -8.45+12.62 -8.79£7.50 10.20+8.48 0.104"
CON -16.56+6.34 -16.61+7.23 -13.61+11.56 0.338"
SBP (mm Hg) 0.992x*
RE 111.80+13.63 109.30+11.16 111.20+15.29 0.962"
CON 109.56+13.78 111.67£7.95 110.33+10.89 0.579"
DBP (mm Hg) 0.001*
RE 64.90+7.08 54.40+7.06 58.90+6.38 0.2817"
CON 66.11+10.35 59.89+9.20 62.67+6.44 0.3877

Values are presented as meanzstandard deviation.

RE: resistance exercise group, CON: control group, Alx@75 bpm: augmentation index corrected for heart rate of 75 bpm,
SBP: systolic blood pressure, DBP: diastolic blood pressure.

*Time effect; TGroup effect;

8.0 1

,7 p=0.022 —|

7.5 - T
7.0

6.5 1

cfPWV (m/s)

6.0 1

5.5 1

--o- CON
5-0 T T 1

Baseline Reperfusion

15 min

Reperfusion
30 min

Fig. 3. Carotid femoral pulse wave velocity response to is—
chemia-reperfusion injury. Values are presented as mean+
standard deviation. p-value for time and trial interaction
effect. RE: resistance exercise group, CON: control group,
cfPWV; carotid femoral pulse wave velocity.
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AE F AX@75 bpm> 38 T AUF 30870 FAEA =
713 B, AR &5 oM Fastgon, SAFL
2 fo% A4adE 2t UrEWer 3 TH(p=0.338) (Table
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S 308 6741 AT S5 OFAA] 6.6£1.0 mis, B8 ALF

lor

Time xgroup interaction effect.
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3.5 1

3.0 1

2.5

RHI (%)

2.0

—e— RE

--o- CON

Baseline Reperfusion
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Reperfusion
30 min

Fig. 4. RHI response to ischemia-reperfusion injury. Values
are presented as meanzstandard deviation. RE: resistance
exercise group, CON: control group, RHI: reactive hyper—
emia index, NS: not significant, p—value for time and trial
interaction effect.
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