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Pulsed acoustic cellular expression (PACE) is a treatment that applies focused acoustic shock waves to promote tissue healing. The aim
of this study was to assess the effect of PACE treatment on inflammatory responses in a cremaster muscle ischemia/reperfusion injury
model. Seventeen cremaster muscle flaps were evaluated in four groups: nonischemic controls (n 5 5), 5-hour ischemia controls (n 5 4),
preischemic (5-hour) PACE conditioning (n 5 4), and postischemic (5-hour) PACE conditioning (n 5 4). The expression of proinflammatory
cytokines (TNFa, IL-6, IL-1a, IL-1b, GM-CSF) and chemokines (CCL3, CCL4, CXCL4) was assessed using TaqMan1 real-time PCR.
Expression of ELAM-1, VCAM-1, and ICAM-1 was assessed by immunostaining. Preischemic PACE conditioning upregulated expression
of IL-6, CCL3, CCL4, and CXCL4, and downregulated expression of TNFa, GM-CSF, and IL-1a. Postischemic PACE conditioning signifi-
cantly decreased expression of all evaluated genes. Pre- and postischemic PACE conditioning decreased expression of ELAM-1 and
ICAM-1. Results of the study indicate that application of PACE conditioning may have a beneficial effect on the recovery of tissues sub-
jected to the ischemia/reperfusion injury. Postischemic PACE conditioning revealed anti-inflammatory effect as confirmed by decreased
expression of inflammatory cytokines, chemokines, and cell adhesion molecules (ELAM-1 and ICAM-1) that are responsible for leukocyte
recruitment into ischemic tissues. Hence, PACE therapy may be used effectively in clinical practice as a convenient therapeutic strategy to pro-
tect tissues against ischemia/reperfusion related injury after microsurgical procedures of free tissue transfers. VVC 2012 Wiley Periodicals, Inc.
Microsurgery 33:134–140, 2013.

Pulsed acoustic cellular expression (PACE) is a technol-

ogy which was developed on the principles of extracor-

poreal shock wave treatment (ESWT) that uses focused

high-energy acoustic shock waves. ESWT is a well estab-

lished treatment in urology.1 It has also been applied in

orthopedics,1,2 and recently studied in cutaneous wound

healing.3 Preliminary findings suggest that ESWT is a

feasible modality for a variety of difficult-to–treat

wounds, diabetic ulcers, and burns.3,4 ESWT mechanism

of action can be described as a microstress applied to the

treated tissue, inducing the release of growth factors and

cytokines, ultimately leading to an accelerated healing

process. There is a growing body of evidence within the

literature, suggesting that ESWT can be successfully

applied to protect various skin flaps including free flaps,

which are commonly used in plastic and reconstructive

surgery.5–7 This protection against ischemia/reperfusion

injury (IRI) occurs through the suppression of inducible

nitric oxide synthase (iNOS) and 8-hydroxyguanosine

(8-OG), which are byproducts of ischemia.7 Furthermore,

as shown in our previous studies, shock waves stimulate

angiogenesis by increasing expression of VEGF and

eNOS in the nonischemic and ischemic cremaster muscle

models.8,9 Our observations are in line with the findings

of other authors.5–7 Although reperfusion after ischemia

is mandatory to prevent tissue necrosis, it elicits a micro-

vascular response similar to inflammation. IRI is inevita-

ble during prolonged surgical procedures such as micro-

surgical free tissue transfer, replantation, transplantation,

and trauma. Inflammatory cytokines and chemokines,

such as IL-1, IL-6, TNFa, CCL3, CCL4, and CXCL4 are

well established markers of IRI. The persistence of cyto-

kine and chemokine expression as well as elevated

expression of cell adhesion molecules is associated with

sustained mononuclear cell infiltration to the tissue. Pro-

longed leukocyte accumulation in the tissue leads to

switching from acute to chronic inflammatory proc-

esses.10 Control over the cytokine inflammatory response

is crucial to decrease the impact of IRI on tissue sur-

vival.

The aim of this study was to evaluate the role of

PACE conditioning in preventing inflammatory responses

of muscle tissue after IRI. We assessed the effect of both

the pre- and postischemic PACE conditioning using

markers of ischemia/reperfusion injury. This included

cytokines TNFa, IL-6, IL-1a, IL-1b, granulocyte-macro-

phage colony-stimulating factor (GM-CSF), chemokines

such as CCL3, CCL4, CXCL4, and cell adhesion mole-

cules ELAM-1, ICAM-1, and VCAM-1.
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MATERIALS AND METHODS

This study was approved by the Animal Research

Committee of Cleveland Clinic, which is accredited by

the American Association for the Accreditation of Labo-

ratory Animal Care (AAALAC). All animals used in this

study received humane care in compliance with the

Guide for the Care and Use of Laboratory Animals pub-

lished by the National Institute of Health. Animals were

caged at room temperature on a 12 hours light/dark cycle.

Standard laboratory food and water were provided to the

animals freely.

For the purpose of PACE application and surgical

intervention rats were anesthetized with pentobarbital (50

mg kg21) intraperitoneally and given maintenance doses

(20% of initial dose) as needed. Body temperature was

maintained at 35–378C with a heat lamp during the oper-

ation period. Animals were euthanized using an intrave-

nous injection of pentobarbital.

Cremaster Muscle Flap Dissection

The cremaster muscle flap dissection was performed

as previously described.11,12 Briefly, skin was incised

through a right ventral inguinal incision. After the testes

and spermatic cord were extracted, the cremaster muscle,

along with its pubic-epigastric pedicle, was isolated up to

the pedicle’s origin at the iliac vessels under an operating

microscope (Carl Zeiss OPMI 6-SD, Carl Zeiss, Goettin-

gen/Germany). The cremaster muscle was then opened

along its anterior wall, creating a round island flap which

displayed in an axial pattern of the main feeding vessels.

Experimental Groups

Total number of 17 male Lewis rats (weighing 130–

160 g) were used in this study. Rats were randomly di-

vided into four experimental groups; Group 1 (n 5 5)

Nonischemic controls received no PACE conditioning

before cremaster muscle dissection; Group 2 (n 5 4) Is-

chemia (5-hour) controls received 5 hours of ischemia in

the cremaster muscle followed by 2 hours of reperfusion

without PACE conditioning; Group 3 (n 5 4) Preisch-

emic PACE conditioning received the application of 500

impulses of PACE (0.23 mJ mm22 energy flux density)

to the cremaster muscle followed by induction of 5 hours

of ischemia and 2 hours of reperfusion; Group 4 (n 5 4)

Postischemic PACE conditioning underwent the induction

of 5 hours of ischemia followed by 500 impulses of

PACE conditioning (0.23 mJ mm22 energy flux density),

followed by 2 hours of reperfusion.

Induction of Ischemia in the Cremaster Muscle

Flap

The cremaster muscle was subjected to 5 hours of is-

chemia by applying microvascular clamps to the iliac and

femoral vessels above and below the origin of the vascu-

lar pedicle.

PACE Application

After anesthetizing the rats and placing them in a dor-

sal position, PACE conditioning was performed. As a

contact medium, ultrasound transmission gel was used

between the PACE apparatus (DermaPace1, SanuWave,

Alpharetta, GA) and scrotum. Animals received 500

impulses of an energy flux density of 0.23 mJ mm22.

PACE conditioning was conducted for � 5 min. The

applicator was placed by the right testicle and was

randomly moved to provide equal delivery of PACE con-

ditioning to the cremaster muscle (Fig. 1). The rationale

for the dosage used in this experimental design was based

on our experience and the literature.9,13

Isolation of RNA from Cremaster Muscle Tissue

Cremaster muscle samples were harvested for real-

time PCR evaluation at the end of the experimental pro-

cedure, which took place over 8 hours (1 hour of muscle

dissection, 5 hours of ischemia and 2 hours of reperfu-

sion). Immediately after harvesting, tissue was preserved in

RNALater1 Solution and kept overnight in 48C. Total

RNA was isolated next day using TRIZOL1 Reagent (Invi-

trogen). Tissue samples (70–100 mg) were homogenized

Figure 1. Application of pulsed acoustic cellular expression (PACE)

conditioning. PACE conditioning was applied under anesthesia to

rat inguinal region. As a contact medium, ultrasound transmission

gel was used between the PACE apparatus (DermaPace1, Sanu-

Wave, Alpharetta, GA) and scrotum. A—DermaPace1, SanuWave

procedure console, B—DermaPace1 applicator. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.

com.]
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in TRIZOL1 Reagent by PowerGen 125 homogenizer

(Fisher Scientific).

The isolation procedure was carried out according to

the manufacturer’s (InvitrogenTM) instructions. Total

RNA (10 lg) was additionally treated with TURBO

DNA-freeTM to remove DNA contamination from RNA

preparation. Concentration and quality of extracted total

RNA was measured using spectrophotometry with Nano-

Drop1 ND-1000 (Thermo Scientific). The ratio of sample

absorbance A260/280 < 2.0 and A260/230 in the range of

1.8–2.2 was considered an acceptable measure of RNA

purity. The RNA integrity was estimated by visual exam-

ination of two distinct rRNA bands (28S and 18S) on

denaturing 1% agarose gel stained with ethidium bro-

mide. Only RNA samples with clear, intense and sharp

18S and 28S bands were used for further experiments.

cDNA Synthesis

About 1 lg of total RNA was reverse-transcribed to

cDNA in a total volume of 20 ll, using high capacity

cDNA reverse transcription kit (Applied Biosystem)

according to the manufacturer’s instruction.

Relative Quantification Real-Time PCR

Proinflammatory cytokines (TNFa, IL-6, IL-1a, IL-

1b, GM-CSF) and chemokines (CCL3, CCL4, and

CXCL4) were amplified using the real-time PCR tech-

nique in the 7300 real-time PCR detection system with

7300 System SDS software (Applied Biosystem). Ampli-

fication was carried out in a total volume of 25 ll con-
taining TaqMan1 Universal PCR Master Mix (23), gene

expression assay mix (203), and 2.5 ll cDNA (five-times

diluted reverse-transcription product derived from 1 lg of

total RNA) with standard conditions (initial setup 2 min

at 508C, 10 min at 958C, denaturation 15 seconds at

958C, annealing 1 min at 608C) and 40 cycles. All PCR

runs were performed in triplicates to achieve reproduci-

bility and ensure statistical significance. Nontemplate

controls were run with every assay and no indication of

PCR contamination was observed. Nonreverse transcribed

RNA controls were run to confirm that genomic DNA

did not serve as an amplification template. Quantification

was performed using the comparative threshold cycle (Ct)

method. Reported fold changes in expression of all exam-

ined genes were normalized to endogenous Gapdh in

each sample and were relative to the expression of the

gene in the untreated cremaster muscle tissue.

Immunostaining

At the end of each experiment, sections of cremaster

muscle flap specimens were snap frozen in liquid nitro-

gen and kept at –808C until immunohistochemical stain-

ing. Immunohistochemical staining was performed to

identify the presence of cell adhesion molecules ELAM-

1, ICAM-1, and VCAM-1.

Prior to immunostaining, frozen tissues were cut into

4 lm sections and fixed for 10 min in acetone. Next, sec-

tions were blocked for endogenous peroxidase in 3%

H2O2 and incubated with polyclonal antibody goat anti-

rat ELAM-1 (R&D Systems), for CD54 (ICAM-1) (clone

1A29) and for CD106 (VCAM-1) (clone MR106) (BD,

Pharmingen) for 30 min. The binding of primary antibod-

ies was detected using a DAKO LSAB12 System, Perox-

idase (AEC) (DAKO, Carpinteria, CA) in accordance

with the manufacturer’s instructions. Slides were counter-

stained in hematoxylin and mounted in Faramount.

Sections incubated with nonspecific IgG were used as a

negative control.

Expression of ELAM-1, ICAM-1, and VCAM-1 was

assessed 8 hours after cremaster muscle flap dissection

and scored for staining intensity. Intensity of staining was

scored subjectively as follows: no staining (0), weak (þ),

moderate (þþ), and strong (þþþ).

PCR Data Analysis and Statistics

Gene expression levels detected in samples of individ-

ual animals from the preischemic PACE conditioning

group and the postischemic PACE conditioning group

were compared to RNA levels of the ischemic control

group. The evaluation of gene expression was performed

by 7300 System SDS software (Applied Biosystem). Sta-

tistical significance between mRNA transcript levels was

determined by one-way ANOVA followed by Tukey’s

post test, using Minitab1 Statistical Software (Minitab,

PA). Statistical significance was defined as P < 0.05.

RESULTS

IRI significantly increased the gene expression of

inflammatory cytokines: TNFa, IL-6, IL-1a, GM-CSF, and

chemokine CCL4 [fold increase 2.4; 8.29; 21.6; 70.14; and

3.67, respectively; (P < 0.05)]. Expression of IL-1b,

CCL3, and CXCL4 was not affected by the 5-hour ische-

mia and was comparable to cytokine and chemokine

expression levels observed in naı̈ve animals (Figs. 2 and 3).

Application of PACE preconditioning to cremaster

muscle flap upregulated expression of CCL4, CXCL4,

and IL-6 compared to ischemic controls [fold increase:

5.6 vs. 3.67, 1.82 vs. 0.81 and 10.66 vs. 8.29, respec-

tively; (P < 0.05)]. Expression of IL-1b and CCL3 after

preischemic PACE conditioning was comparable to

expression of these genes in ischemic control group. In

contrast, TNFa, GM-CSF, and IL-1a were observed to

be significantly downregulated compared to ischemic con-

trol group [fold decrease: 1.61 vs. 2.4, 35.9 vs. 70.14,

and 17.54 vs. 21.6, respectively; (P < 0.05)], (Figs. 2

and 3).
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Postischemic PACE treatment significantly reduced

expression of cytokines: IL-6, IL-1a, Il-1b, TNFa, and

chemokines: CCL3, CCL4, and CXCL4 when compared

to nonischemic and ischemic controls [fold decrease: IL-

6—0.3 vs. 1 vs. 2.4, IL-1a—0.37 vs. 1 vs. 21.6, Il-1b—

0.093 vs. 1 vs. 0.93, TNFa—0.48 vs. 1 vs. 2.4, CCL3—

0.09 vs. 1 vs. 1.1, CCL4 vs. 0.21 vs. 1 vs. 3.67,

CXCL4—0.63 vs. 1 vs. 0.81, respectively; (P < 0.05)].

Only expression of GM-CSF was increased when com-

pared to naı̈ve cremaster muscle tissue [fold increase:

1.77 vs. 1, respectively (P < 0.05)]; however a signifi-

cant decrease was observed when compared to ischemic

controls [fold decrease: 1.77 vs. 70.14, respectively (P <
0.05)] (Figs. 2 and 3).

Subcritical (5-hour) muscle ischemia without PACE

conditioning resulted in upregulation of cell adhesion

molecules ELAM-1, ICAM-1, and VCAM-1 expression

on the vessel endothelial cells. However, application of

preischemic and postischemic PACE treatment downregu-

lated expression of ELAM-1 and ICAM-1 on the vessel

endothelial cells of ischemic cremaster muscle (Table 1

and Fig. 4). Expression of VCAM-1 after PACE pre- and

postconditioning was comparable to the expression

observed in the ischemic controls (Table 1 and Fig. 4).

DISCUSSION

Prolonged ischemia, which normally occurs during

complex microsurgical procedures may lead to significant

postoperative complications including muscle damage and

tissue necrosis hindering tissue repair.14 Although inflam-

mation is a crucial phase of the muscle regeneration,

prolonged cytokine, and chemokine expression have a

detrimental effect on tissue survival. Inflammatory media-

tors such as TNFa, IL-6, and IL-1 are well known to par-

ticipate in the pathophysiology of IRI as well as contrib-

ute to normal tissue healing. Local, early expression of

TNFa was confirmed to be involved in the pathogenesis

of ischemia/reperfusion (I/R) by initiating accumulation

Figure 2. Gene expression of inflammatory cytokines (TNFa, IL-6, IL-1a, IL-1b, GM-CSF) evaluated by TaqMan1 real-time PCR in nonis-

chemic control group ( ), 5-hour ischemia control group (n), preischemic PACE conditioning group ( ), and postischemic PACE condition-

ing group (h). *P < 0.05 vs. ischemic control, #P < 0.05 vs. Preischemic conditioning.

Figure 3. Gene expression of proinflammatory chemokines (CCL3,

CCL4, and CXCL4) evaluated by TaqMan1 real-time PCR in nonis-

chemic control group ( ), 5-hour ischemia control group (n), pre-

ischemic PACE conditioning group ( ), and postischemic PACE

conditioning group (h). *P < 0.05 vs. ischemic control, #P < 0.05

vs. preischemic conditioning.

Table 1. Cell Adhesion Molecules Expression on the Vessel Endo-

thelial Cells After Pre- and Postischemic Pulsed Acoustic Cellular

Expression (PACE) Conditioning

Experimental

groups EWST treatment ELAM-1 ICAM-1 VCAM-1

Group 1 Nonischemic controls þ þ 0

Group 2 5-h ischemia without

conditioning

þþþ þþþ þ

Group 3 Preischemic (5 h)

PACE conditioning

þþ þþ þ

Group 4 Postischemic (5 h)

PACE conditioning

þþ þþ þ

ELAM-1, ICAM-1, and VCAM-1 expression were evaluated by immunohisto-
chemistry. Staining intensity was scored semiquantitatively as follows: no
staining (0), weak (þ), moderate (þþ), and strong (þþþ) staining.
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of neutrophils which later participate in tissue necrosis

following an ischemic insult.15,16 Furthermore, I/R is

linked to generation of oxygen free radicals and oxidative

stress which leads to changes in tissue microcircula-

tion.15,17 TNFa and IL-1 stimulate expression of

GM-CSF and IL-6. IL-6 was shown to be involved in

producing vascular endothelial dysfunction during ische-

mia/reperfusion caused by an abrogated vascular endothe-

lium-dependent dilation.18 Moreover, the proinflammatory

mediators TNFa and IL-1 lead to an upregulation of cell

adhesion molecules ELAM-1, ICAM-1, and VCAM-1 on

the vessel endothelium and thus facilitate cell adhesion

and transmigration to the injured tissue.19,20 Chemokines

such as CCL3, CCL4, and CXCL4 mediate the expres-

sion of pro- and anti-inflammatory cytokines21–23 and

affect expression of cell adhesion molecules, thus influ-

encing tissue neutrophil recruitment and adherence. Inhi-

bition of dramatic early peaks of cytokine and chemokine

synthesis may be vital for muscle repair processed by

preventing prolonged expression of proinflammatory

Figure 4. Immunohistochemical evaluation of the expression of cell adhesion molecules (ELAM-1, ICAM-1, and VCAM-1) on the vessel en-

dothelium after application of pre- and postischemic pulsed acoustic cellular expression (PACE) conditioning. Expression of ELAM-1 (Panel

A), ICAM-1 (Panel B), and VCAM-1 (Panel C) increased after application of subcritical (5-hour) ischemia followed by 2-hour reperfusion to

cremaster muscle (group 2) compared to nonischemic controls (group 1). Application of pre- and postischemic PACE conditioning (groups

3 and 4) resulted in decreased expression of ELAM-1 and ICAM-1. However, expression of VCAM-1 following pre- and postischemic

PACE conditioning (groups 3 and 4) was comparable to the expression observed in the ischemic control group (group 2). Magnification,

3400. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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mediators in the healing tissue, and curtailing leukocyte

recruitment and injury.

This article is a continuation of our previous studies8,9

which evaluated the effect of PACE conditioning on the

nonischemic and ischemic cremaster muscle tissue. The

cremaster muscle flap model was chosen to evaluate the

expression of proinflammatory factors after PACE condi-

tioning due to the fact that muscles are more prone to

detrimental effects of IRI than the skin component of the

flap. The cremaster muscle, similar in structure and func-

tion to other skeletal muscles, allows for easy induction

of ischemia/reperfusion by application of vascular clamps

to the main vascular pedicle of the cremaster muscle flap.

These qualities of the cremaster muscle make it a suitable

model for studying the effects and mechanisms of IRI.12

In our previous study we managed to show that 500

impulses of PACE conditioning (0.23 mJ mm22 energy

flux density) can facilitate muscle recovery after IRI by

increasing expression of proangiogenic factors such as

VEGF, eNOS and VWF.9 Additionally, we assessed

expression of selected proinflammatory factors such as

iNOS and cytokines CCL2, CXCL5 which may have a

proangiogenic function.

Results showed that PACE postconditioning of ische-

mic tissue decreased expression of selected proinflamma-

tory chemokines at the transcriptional level.

The current study was designed to further test our in-

terest in the anti-inflammatory effects of PACE condition-

ing at the 8 hour end-point of this experiment, which was

chosen due to the fact that cremaster muscle was sub-

jected to 5 hours of ischemia, followed by 2 hours of

reperfusion and 1 hour of cremaster muscle preparation.

Our well established cremaster muscle model provided

consistent data of the tissue response to PACE condition-

ing within the experimental groups. Thus, four animals

per experimental group were chosen to perform statistical

analysis (P < 0.05) and draw conclusions.

The findings of this study revealed that subcritical

(5-hour) ischemia induced upregulation of gene expres-

sion of IL-6, IL-1a, GM-CSF, CCL4, and TNFa, which

is associated with ischemia/reperfusion related injury.24

Postischemic PACE conditioning significantly downregu-

lated expression of all assessed cytokines and chemokines

(TNFa, IL-6, IL-1a, IL-1b, GM-CSF, CCL3, CCL4, and

CXCL4) compared to both the ischemic and nonischemic

controls. This observation is consistent with the results of

previously published studies.3,5–7 Davis et al. presented

the suppressive effect of ESWT on the early inflamma-

tory response in a burn wound murine model. The study

showed that 200 impulses of ESW of energy level of 0.1

mJ mm22 caused significant downregulation of several

cytokines and chemokines including TNF, IL-6, CCL3,

and CCL4.3 Reichenberger and Kuo also showed anti-

inflammatory effect of application of shock waves using

rat skin flap model. Application of 500 impulses (0.15

mJ mm22) of PACE treatment decreased expression of

TNFa and the associated CCL4.5,6 Additionally,

decreased expression of TNFa was also observed after a

single postconditioning shock wave application and was

associated with reduced neutrophil infiltration and

reduced tissue necrosis.6,7 In this study preischemic con-

ditioning showed a significant decrease in expression of

cytokines such as TNFa, IL-1a, and GM-CSF when com-

pared to 5-hour ischemic controls. However, preischemic

conditioning increased expression of IL-6, CCL4, and

CXCL4, which may indicate selective PACE mechanism

of action. Single application of PACE conditioning used

in our cremaster muscle flap model effectively decreased

expression of inflammatory cytokines and chemokines

acting either on a selective group of cytokines in the

PACE preconditioning group or on all tested cytokines in

the PACE postconditioning group after IRI.

Immunostaining was used to analyze the expression

of ICAM-1, VCAM-1, and ELAM-1 on the surface of

vessel endothelium after PACE conditioning application.

These adhesion molecules are considered to be classified

as proinflammatory factors which facilitate leukocyte ad-

hesion and augment extravasation.25 In our current study,

a decreased expression of ELAM-1 and ICAM-1 on the

surface of endothelial cells was observed after PACE

conditioning when compared to ischemic controls. The

expression of ELAM-1 on the endothelial cell surface

peaked within 4–6 h after IL-1b or TNFa stimulation

and then slowly declined to basal levels usually within

6–9 h after induction.20 When the synthesis of proinflam-

matory mediators is inhibited, expression of ELAM-1 and

ICAM-1 is downregulated as confirmed in this study by

significantly downregulated expression of cytokine gene

transcripts for TNFa and IL-1a in both pre- and postisch-

emic application.

These results confirm our microcirculatory observa-

tions previously published where the number of both roll-

ing and sticking leukocytes was significantly reduced as

compared to the ischemic controls.9 Interestingly, despite

downregulated cytokine gene expression of TNFa and

IL-1 by PACE postischemic conditioning, expression of

VCAM-1 is comparable to the expression level of ische-

mic controls. VCAM-1 is not constitutively expressed in

most tissues but it is upregulated through de novo synthe-

sis after stimulation with TNF and IL-1.19

However, the study on renal IRI on IL-1 and TNFa

knockout mice demonstrated that IL-1 and TNFa are not

essential for postischemic increases in cell adhesion mol-

ecules including VCAM-1.26

A similar observation regarding the increased expres-

sion of VCAM-1 and the association with a decreased

expression of CCL4 and TNFa was reported by Reichen-

berg et al.5 Authors discussed this phenomenon as a shift
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in the balance of proangiogenic cytokine/chemokine and

proinflammatory factors.5 It is suggested that expression

of VCAM-1 is correlated with the proangiogenic effect of

shock wave treatment on ischemic tissue. Our results en-

courage further investigation of angiogenic and anti-

inflammatory mechanisms of action of PACE therapy.

CONCLUSION

The anti-inflammatory effects of PACE conditioning

which were observed in the postischemic tissue resulted

in a downregulated expression of gene transcripts of

proinflammatory cytokines (TNFa, IL-6, IL-1a, IL-1b),

chemokines (CCL3, CCL4, CXCL4) and cell adhesion

molecules (ELAM-1, ICAM-1) early after PACE postcon-

ditioning. On the basis of the results presented in this

study, we confirmed that PACE treatment has a beneficial

effect on the skeletal muscle at early phases following

IRI and can reduce progression of I/R related injuries.

Thus, PACE treatment could serve as a new, safe and

convenient alternative to protect tissues against IRI after

surgical trauma.
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