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Abstract 

 

 The role of fatty acyl CoA synthetase (FACS) in ischemia/reperfusion (I/R) injury has not been well 

established.  Our earlier studies showed that triacsin C, a selective FACS inhibitor, decreases endothelial 

nitric oxide synthase (eNOS) palmitoylation and increases nitric oxide (NO) in cultured human coronary 

endothelial cells.  In the present study, we tested the hypothesis that triacsin C would reduce infarct size and 

improve post-reperfusion cardiac function by increasing vascular NO.  In isolated rat hearts, triacsin C, given 

during the first 5 minutes of reperfusion, significantly reduced infarct size and attenuated cardiac dysfunction 

during reperfusion.  N
G
-nitro-L-arginine methyl ester (L-NAME, a non-selective NOS inhibitor, 50 µM) 

completely abolished the protective effects of triacsin C. In the ischemic hind limb model, triacsin C 

significantly increased intravascular NO concentration during reperfusion, an effect that was blocked by L-

NAME or S-methyl-L-thiocitrulline (SMTC, a selective neuronal NOS inhibitor), but not by 1400W (a 

highly selective iNOS inhibitor).  Lastly, triacsin C significantly reduced L-NAME induced leukocyte 

rolling, adhesion, and transmigration in rat mesenteric circulation, as measured by intravital microscopy.  In 

summary, this study provides novel evidence showing that triacsin C reduces myocardial infarct size, 

attenuates loss of post-reperfusion cardiac function, increases intravascular NO concentration and inhibits 

leukocyte recruitment.  These pharmacologic properties suggest that triacsin C may be useful as an adjunct to 
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standard thrombolytic/anti-platelet pharmacotherapy of myocardial infarction. 

 

Keywords:  fatty acyl CoA synthetase, triacsin C, myocardial ischemia/reperfusion, cardiac function, infarct 

size, nitric oxide, inflammation 
 

 

 

1.  Introduction 

 

 Ischemic heart disease, including myocardial 

infarction, accounts for more than 18% of all 

deaths in the U.S.  Although the survival rates for 

ischemic heart disease have risen dramatically in 

the past 20 years, the mortality rate for a first 

myocardial infarction remains over 30% [1].  

Current drug therapy for ischemic injury has 

centered on supportive care, with few available 

drugs (such as tPA) to limit I/R damage directly. 

 Beyond tissue damage from ischemia alone, 

reperfusion exacerbates endothelial dysfunction 

and initiates inflammation [2-4].  It has been 

suggested that endothelial-derived nitric oxide 

(NO) release and bioavailability is reduced within 

5 min of reperfusion [4]. Thereafter, leukocyte 

recruitment and infiltration extend tissue/organ 

injury, with neutrophils being the most abundant 

leukocyte type [5].  When blood flow slows or 

stops, factors that mediate neutrophil recruitment, 

such as P-selectin and intercellular adhesion 

molecule-1 (I-CAM-1), are translocated to the 

luminal face of the vascular endothelium [6,7].   In 

experimental myocardial infarction, neutrophil 

trapping in the microvasculature is observed 

within the first hour of reperfusion [8].  

Leukocyte-induced microvascular permeability 

leads to tissue edema with subsequent changes in 

microvascular hemodynamics, tissue oxygenation, 

and, ultimately, organ failure [9]. 

 Endothelial-derived NO, produced 

constitutively by eNOS, is crucial to the 

maintenance of normal vasodilatory, anti-

inflammatory, and anti-thrombotic functions [4]. 

Impaired endothelial-derived NO bioavailability is 

the hallmark of vascular endothelial dysfunction, 

which occurs during normal aging [2] as well as in 

I/R injury, hypertension, diabetes, atherosclerosis 

[10-12].  

 It is well established that competitive 

inhibition of eNOS with L-NAME can induce 

inflammatory responses [13,14]. In contrast, 

experimental conditions which increase 

endothelial NO synthesis decrease endothelial 

surface P-selectin and ICAM-1 expression [15] 

consequently limiting infarct extension [16].   

 On a molecular level, eNOS function depends 

on the availability of cofactors such as 

tetrahydrobiopterin.  In addition, the catalytic 

activity and subcellular localization of eNOS are 

governed by a complex series of interactions with 

other proteins [17-24], phosphorylation [25,26], 

and palmitoylation [24,27-29].  eNOS is 

palmitoylated at residues Cys
15

 and Cys
26

 [30], 

facilitating translocation and interaction with the 

caveolin-1 membrane protein [27,31,32] 

mediating eNOS inactivation.   

 Triacsin C is a FACS inhibitor derived from 

Streptomyces aurofaciens [33].  Earlier, we 

reported that triacsin C decreases eNOS 

palmitoylation in human coronary endothelial 

cells, increases 24 hour media nitrite 

accumulation, and enhances agonist stimulated 

NO synthesis and vascular relaxation in rat aorta 

[34], without changing eicosanoid release [35].  

These effects on NO synthesis and endothelial 

function strongly suggested that triacsin C might 

be beneficial in I/R injury.   

 In this study, we  hypothesized that 

administration of triacsin C would limit infarct 

size and improve post-reperfusion cardiac 

function, and that these effects would be 

associated with increased bioavailability of NO in 

the post-reperfusion period and decreased 

leukocyte-endothelial interactions. 

 

2.  Methods 

 

 Animals: The Institutional Animal Care and 

Use Committees of Texas Tech University Health 

Sciences Center or of the Philadelphia College of 

Osteopathic Medicine approved all animal 

protocols performed in this study.  

 Global Cardiac Ischemia:  Hearts were 

rapidly excised from heparinized (1000 U i.p.) 



 

Am. J. Biomed. Sci. 2012, 4(3), 249-261; doi: 10.5099/aj120300252    © 2012 by NWPII. All rights reserved.                          251 

 

male Sprague–Dawley rats (275–325 g; Ace 

Animals, Boyertown, PA) under pentobarbital 

sodium (60 mg/kg) anesthesia. The isolated hearts 

were perfused via an aortic cannula and immersed 

in a water-jacketed reservoir containing 160 ml of 

Krebs’ Hensleit buffer (KHB; in mmol/l: 17.0 

dextrose, 120.0 NaCl, 25.0 NaHCO3, 2.5 CaCl2, 

0.5 EDTA, 5.9 KCl, and 1.2 MgCl2) maintained at 

37°C and equilibrated with 95% O2–5% CO2 to 

maintain a pH of 7.3–7.4.  Perfusion pressure was 

maintained at 80 mmHg as previously described 

[36]. 

 Coronary flow was monitored by a T106 

flowmeter (Transonic Systems, Inc., Ithaca, NY). 

Left ventricular developed pressure (LVDP) and 

the maximal or minimal rate of LVDP (dP/dtmax or 

dP/dtmin) were monitored using a SPR-524 

pressure transducer (Millar Instruments, Inc., 

Houston, TX) positioned in the left ventricular 

cavity and recorded using a Powerlab Station 

acquisition system (ADInstruments, Grand 

Junction, CO).  

 After establishing baseline coronary flow, 

LVDP, dP/dtmin and dP/dtmax, ischemia was 

induced for 30 min by reducing the flow of Krebs’ 

buffer to zero. Commencing at reperfusion, 

performance parameters were recorded every 5 

min for 45 min post-reperfusion.  

 Reperfusion was initiated by infusion of 5 ml 

of autologous plasma collected from the 

abdominal aorta immediately prior to cardiac 

excision (control hearts) or autologous plasma 

containing triacsin C (5 μM) at a rate of 1 ml/min 

for 5 min. [36]. At the end of the experiment, the 

infarct area was visualized by treatment with 1% 

2,3,5- triphenyltetrazolium chloride (TTC). 

 Intravascular NO measurement:  The effect 

of triacsin C on vascular NO synthesis was 

measured in the rat hind limb I/R model.  

Anesthesia was induced in heparinized (1000 U 

i.p.) male Sprague-Dawley rats (275 to 325g, 

Charles River, Raleigh, NC) with Na 

pentobarbital, 60 mg/kg, and maintained with 30 

mg/kg sodium pentobarbital, as needed.  A 

catheter was placed in the tail vein for 

administration of drugs or vehicle.  Both femoral 

arteries and veins were exteriorized and NO 

microsensors (100 μm, World Precision 

Instruments (WPI) Inc., Sarasota, FL) were 

inserted into both femoral veins via 24 gauge 

catheters as previously described [37,38].  

Following a 15-minute baseline measurement, one 

femoral artery/vein was clamped for 20 minutes 

while the contralateral limb served as the sham 

control.  After release of the clamp, intravascular 

NO concentration was followed for an additional 

45 minutes.  Prior to baseline measurement, 

experimental animals received a single dose of 

triacsin C (100 µg/kg) with or without L-NAME 

(non-selective NOS inhibitor, 30 mg/kg), 1400W 

(highly selective iNOS inhibitor, 10 µg/kg), or 

SMTC (a selective nNOS inhibitor, 1.2 mg/kg) 

while the controls were treated with vehicle (5% 

DMSO in normal saline).  The NO levels during 

reperfusion were expressed as the relative 

difference of NO between I/R and sham limb as 

previously described (38).  This technology allows 

for the real-time measurement of NO in blood 

[39].   

 Leukocyte recruitment:  The effect of triacsin 

C on leukocyte rolling, adhesion and extravasation 

were evaluated in the rat mesenteric vasculature.  

Briefly, male Sprague Dawley rats (275–325 g; 

Ace Animals, Boyertown, PA) were anesthetized 

with 60 mg/kg of sodium pentobarbital (i.p.) and 

maintained with 30 mg/kg of sodium pentobarbital 

as needed.  Arterial pressure was measured by a 

cannula placed in the carotid artery and connected 

to a BP-1 Pressure Monitor via a BP1 blood 

pressure transducer (WPI, Sarasota, FL). 

 A loop of the iliac mesentery was exteriorized 

and positioned in a Plexiglas chamber for 

visualization using a Nikon Eclipse microscope 

(Nikon Co., Japan).  Leukocyte-endothelial 

interactions were continuously monitored when 

superfusion of with Krebs-Hensleit buffer (KHB; 

114 mM NaCl, 4.7 mM KCl, 1.2 mM KH2PO4 1.2 

mM MgSO4, 2.5 mM CaCl2, 25 mM NaHCO3, 5.5 

mM glucose, equilibrated with 95% N2/5% CO2) 

containing 50 μM L-NAME (sub-maximal 

concentration) [13], with or without 5 μM triacsin 

C.  Non-branched post-capillary venules (mean 

diameter 20 ± 0.3 µm) were selected for 

observation.  The image was captured on two-

minute high-resolution video recordings made at 

30 minutes intervals.  The numbers of rolling, 

adherent and transmigrating leukocytes were 
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determined during playback analysis of the 

recorded images.   

 Leukocytes were considered to be rolling if 

they were moving at a velocity substantially 

slower than that of red blood cells.  Leukocytes 

were judged to be adherent if they remained firmly 

attached to the vascular endothelium for > 30 

seconds.  Extravasated leukocytes were counted in 

the tissue area adjacent to the post-capillary 

venules and normalized with respect to 

perivascular area.  At the end of the experiment, 

the venule and surrounding tissues were removed, 

fixed and stained with hematoxylin and eosin 

(H&E) for enumeration of adherent and 

extravasated neutrophils.  

 Materials:  Triacsin C and L-NAME were 

purchased from Sigma Chemical Company, St. 

Louis MO. 1400W and SMTC were purchased 

from Cayman Chemicals, Ann Arbor MI. All 

other chemicals were of the highest grade 

available.   

 Statistical Analysis:  Data were analyzed by 1 

or 2 way analysis of variance, as appropriate. All 

statistical analyses were conducted using the 

PRISM 5.0b software package.  Probability values 

of <0.05 were considered statistically significant. 

 

 

3. Results 

 

Triacsin C and infarct size:  In the global ischemia 

model, the whole heart is at risk.  Infarct size was 

estimated by measuring the tissue not stained by 

TTC and comparing that to the total of the stained 

plus unstained tissue.  Figure 1A shows 

representative cross-sections of hearts following 

global ischemia and reperfusion in control and 

triacsin C treated groups. It is noteworthy that, in 

the control hearts, infarction is most apparent in 

the sub-epicardial region, and is continuous 

throughout the circumference of the ventricular 

wall.  In the treated hearts, the infarct is not only 

smaller, but is discontinuous. As shown in Figure 

1B, treatment with triacsin C for the first five 

minutes of reperfusion resulted in an infarct size 

significantly smaller than all other groups 

(p<0.01).  This effect was abolished by co-

administration of L-NAME.  The infarct size in 

hearts treated with L-NAME alone during the first 

five minutes of reperfusion was significantly 

greater than in all other groups (p<0.05).  

Figure 1.  Panel A:  Representative photograph of the 

infarct area in control (C; n=6) and triacsin C treated 

hearts (T; n=6).  In the control hearts, the infarct is 

most apparent in the sub-epicardial region, and is 

continuous throughout the circumference of the 

ventricular wall.  In the treated hearts, the infarct is not 

only smaller, but is discontinuous.  Panel B.  Triacsin 

C treatment reduced while L-NAME alone (L; n=3) 

increased the infarct size as a fraction of the area at risk 

as compared to all other groups.  * = p<0.05;*** = 

p<0.005 by one-way ANOVA followed by Newman-

Keuls multiple comparison.  

 

 Triacsin C and post-reperfusion cardiac 

function:  Triacsin C treatment (n=6) for the first 

five minutes of reperfusion resulted in 

significantly greater recovery of LVDP, dP/dtmax, 

dP/dtmin as compared to all other groups (Figure 2 

A – C), an effect that was abolished by concurrent 

treatment with L-NAME (n=5).  The pre-ischemic 

values for these parameters did not differ among 

the groups.  Moreover, by 45 minutes of 

reperfusion, triacsin C treated hearts recovered to 

77 ± 5% of pre-ischemic LVDP, as compared to 

only 45 ± 10% (Control, n=6), 38 ± 12% (Triacsin 

C+L-NAME, n=5) and 39±16% (L-NAME alone, 
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n=3) of the pre-ischemic value.  At 45 minutes 

reperfusion, the triacsin C treated hearts recovered 

55 ± 6% of pre-ischemic dP/dtmin and 60 ± 3% of 

pre-ischemic dP/dtmax. In the remaining three 

groups recovery of dP/dtmin was only 36 ± 6% 

(control), 30 ± 9% (triacsin C+L-NAME) and 28 ± 

9% (L-NAME alone) of pre-ischemic values.  

Recovery of dP/dtmax was 31±6 % (control), 31 ± 

11% (triacsin C + L-NAME) and 27 ± 10% (L-

NAME alone) of pre-ischemic values.  The force-

rate product at 45 minutes reperfusion was 45.7 ± 

5.28 % of baseline in the triacsin C treated hearts, 

a value significantly greater than the 24 ± 4%, 25 

± 95% and 21 ± 5% observed in the control, 

triacsin C+L-NAME and L-NAME hearts, 

respectively.   

  

 

 
Figure 2.  Panel A:  Recovery of left ventricular developed pressure (LVDP) was significantly greater in triacsin C 

treated hearts as compared to all other groups. The overall probability that the results could be accounted for by 

random variance was p=0.0251 as determined by 2-way ANOVA for repeated measures.  Significant treatment effects 

at single time points are indicated by * (p<0.05), as determined by Bonferroni’s post-hoc test.  Panel B:  Recovery of 

dP/dtmax was significantly greater in Triacsin C treated hearts as compared to all other groups. The overall probability 

that the results could be accounted for by random variance was p=0.0174 as determined by 2-way ANOVA for 

repeated measures.  Significant treatment effects at single time points are indicated by * (p<0.05), as determined by 

Bonferroni’s post-hoc test. Panel C: Recovery of dP/dtmin was significantly better in triacsin C treated hearts as 

compared to all other groups.  The overall probability that the results could be accounted for by random variance was 

p=0.0292 by 2-way ANOVA for repeated measures.  Significant treatment effects at single time points are indicated by 

* (p<0.05) as determined by Bonferroni’s post-hoc test.  Panel D:  Triacsin C did not significantly affect reperfusion 

coronary flow rates.  The perfusion pressure was maintained at a constant 80 mm Hg. The overall probability that the 

results could be accounted for by random variance was p=0.5055 as determined by 2-way ANOVA for repeated 

measures.  Panel E:  Triacsin C did not significantly affect post-reperfusion heart rates.  The overall probability that 

the results could be accounted for by random variance was p=0.7898 as determined by 2-way ANOVA for repeated 

measures.  

 

 While reperfusion inotropic and lusitropic 

functions were significantly better in the triacsin C 

treated hearts, significant differences in coronary 

blood flow (Figure 2D) or heart rate (Figure 2E) 

were not observed.  Prior to ischemia, coronary 

blood flow at 80 mm Hg was not different among 

the four groups.  At 45 minutes reperfusion, the 

flow recovered to 46 ± 4% (Control), 49 ± 4% 

(Triacsin C alone), 34 ± 2% (triacsin C+L-NAME) 

and 38 ± 6% (L-NAME alone) of pre-ischemic 
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flow.  These values were not significantly 

different from each other.  

 The time course of heart rate did not differ 

among the four experimental groups, either at 

baseline or during reperfusion (Figure 2E). The 

flow/beat did not differ among the four groups 

(data not shown). 

 Intravascular NO synthesis: Triacsin C 

treatment significantly increased intravascular NO 

levels during femoral vascular bed I/R, as shown 

in Figure 3A.  As detailed in methods, this model 

measures the NO difference between the ischemic 

(left) and normoxic (right) femoral vascular beds.  

After taking baseline measurements, ischemia is 

induced by clamping the left femoral artery for 20 

minutes.  Reperfusion is initiated by releasing the 

clamp.  A positive number indicates a greater NO 

signal in the ischemic limb, while a negative 

number shows a greater NO signal in the 

normoxic limb. 

 Baseline NO signals did not differ between 

the left and right vascular beds, in either control or 

triacsin C treated (100 µg/kg) animals.  During 

ischemia, the average NO levels in the ischemic 

limbs of both triacsin C treated and vehicle treated 

animals decreased relative to the normoxic limbs.  

However, the decrease was significantly less in the 

triacsin C treated animals (-195 ± 8.4 nM vehicle 

vs. -83 ± 4.3 nM triacsin C; p<0.05, n=5 animals 

for each group).   

 Immediately post-ischemia, the NO signal 

peaked in both treated and untreated animals.   

Neither the immediate peak level nor the time-to-

peak were different between treated and untreated 

animals.  The NO levels declined rapidly in the 

control animals, at a rate of 14.8 ± 1.1%/min, and 

had returned to baseline within 20 minutes.  In 

contrast, NO levels declined at 2.1 ± 0.63%/min in 

triacsin C treated animals (p<0.0001 vs control) 

and reached a plateau level that was maintained 

for the duration of the experiment.   

 Figure 3B shows the effect of various NOS 

inhibitors on post-ischemic intravascular NO 

synthesis during the final 30 minutes of 

reperfusion.  Pre-treating the animals with L-

NAME, a non-selective NOS inhibitor, abolished 

the triacsin C effect.  In contrast, 1400 W, a highly 

selective iNOS inhibitor, had no effect on NO 

synthesis during triacsin C treatment.  

Surprisingly, pre-treatment with SMTC, a 

compound with a 10-fold greater affinity for 

nNOS as compared to eNOS, virtually abolished 

the triacsin C effect.  

 

 
 
Figure 3.  Panel A: Intravascular NO synthesis in the 

presence and absence of triacsin C in the perfused hind 

limb model in the rat.  As detailed in Methods, these 

experiments measured the difference in NO synthesis 

between normoxic and ischemic limbs.  A positive 

number indicates that the post-ischemic limb is 

producing more NO than the normoxic limb; a 

negative number indicates that the normoxic limb is 

producing more NO than the post-ischemic limb.  In 

the presence of triacsin C, the reperfused ischemic limb 

produces significantly more NO than the normoxic 

limb during the ischemic period and during the final 25 

minutes of reperfusion.  *=p<0.05 by 2-way ANOVA 

for repeated measures with Bonferroni’s post-hoc test; 

n=5 animals for each group.  Panel B:  The effect of 

triacsin C is abolished by L-NAME and SMTC, not by 

1400W.  ***=p<0.0001 as compared to all other 

groups, one-way ANOVA; n= 4 to 8 animals for each 

group. 

 

 Leukocyte recruitment: Leukocyte 

recruitment was induced in the rat mesentery by 

superfusion with KHB equilibrated with 95% 
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N2/5%CO2 containing 50 µM L-NAME.  These 

conditions are sufficient to induce a half-maximal 

increase in leukocyte rolling and surface P-selectin 

expression [13].  Figure 4 shows the effect of 

triacsin C on the time course of L-NAME induced 

leukocyte rolling, adhesion and extravasation in 

single post-capillary venules.  The baseline values 

of these parameters were similar for all groups.  

Compared to baseline, 50 µM L-NAME alone 

significantly increased leukocyte adherence at 60, 

90 and 120 minutes, as well as increased rolling 

and transmigration at 90 and 120 minutes (all 

p<0.05).  When 5µM triacsin C was present in the 

superfusate, the leukocyte-endothelial interactions 

were not significantly different from KHB alone.  

Mean arterial blood pressure (MABP) was 

maintained in the normal range (i.e., 100 ± 10 mm 

Hg) throughout the experiment in all experimental 

groups. 

 At the end of the experiment, the superfused 

mesenteries were fixed and stained with H&E to 

confirm leukocyte adherence and transmigration. 

Figure 5 A-C show representative histologic 

sections of mesenteries.  Figure 5 D shows the 

actual leukocyte counts derived from those 

sections. As anticipated, superfusion with 50 µM 

L-NAME induced significant leukocyte adhesion 

and transmigration as compared to KHB alone, an 

effect that was completely abolished by 

superfusion when 5 µM triacsin C was included in 

the superfusate.   

 

4. Discussion 

 

 The major findings of this study were: 1) In a 

model of global cardiac ischemia, triacsin C 

treatment significantly reduced infarct size and 

improved post-ischemic inotropic (LVDP, 

dP/dtmax) and lusitropic (dP/dtmin) performance; 2) 

The cardioprotective effects of triacsin C were 

blocked by L-NAME, a non-selective NOS 

inhibitor; 3) Triacsin C significantly increased 

intravascular NO concentration during ischemia 

and reperfusion and these effects were attenuated 

by L-NAME and SMTC, a selective nNOS 

inhibitor; 4) Triacsin C inhibited the leukocyte-

endothelial interactions required for leukocyte 

recruitment. 

   

 

 

 
 

Figure 4.  The effect of triacsin C on L-NAME 

induced leukocyte recruitment in single post-capillary 

venules of the rat mesenteric vasculature, as described 

in Methods.  In the presence of triacsin C, L-NAME 

induced rolling (Panel A), adhesion (Panel B) and 

extravasation (Panel C) of leukocytes were 

significantly inhibited.  Results were analyzed by two-

way ANOVA.  * = p<0.05 as compared to triacsin C 
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treated; †=p<0.05 as compared to t0; n= 4 animals in 

each group. 

 The infarct zone in the control hearts was a 

continuous band of sub-epicardial tissue, 

consistent with the observation of others that the 

sub-epicardium/mid-myocardium is more 

vulnerable to I/R insults than the endocardium 

[41]. Triacsin C treatment during the first five 

minutes of reperfusion reduced the infarct size by 

about 50% as compared to untreated hearts.  

While the infarcted tissue was still sub-epicardial 

in the treated hearts, the infarct zone was 

discontinuous, suggesting improved sub-epicardial 

flow on reperfusion. 

 

 
Figure 5.  Panels A, B and C:  Representative H&E staining of rat mesentery superfused with normoxic KHB (Panel 

A), KHB containing 50 µM L-NAME (Panel B) or containing 50 µM L-NAME plus 5 µM triacsin C (Panel C).  

Triacsin C significantly decreased L-NAME induced adhesion and extravasation of leukocytes (indicated by arrows);  

40X magnification.  Panel D: cell counts; * = p<0.05 as compared to normoxic KHB alone; † = p<0.05 as compared to 

Triacsin C plus L-NAME. Adherent and extravasated leukocytes were analyzed by one way ANOVA. 

 

 The coronary flow data show no significant 

differences between control and triacsin C treated 

hearts.  However, in our system, the flow probe is 

placed in the perfusion line, and not in the 

coronary vasculature itself.  Thus, while our data 

provide an accurate estimate of total coronary 

flow, it provides no information about the 

transmural flow distribution, a factor directly 

relevant to infarct development [41].    

 As expected, cardiac function was 

compromised in all hearts during reperfusion.  

However, recovery of function paralleled 

preservation of viable tissue.  Thus, treatment with 

triacsin C for the first 5 minutes of reperfusion 

resulted in functional recovery that was nearly 

twice as great as the untreated controls.  The 

triacsin C effect was abolished by concurrent 

treatment with L-NAME, suggesting that the 
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preservation of function is mediated by increased 

NO synthesis and/or bioavailability. 

 The relationship between NO availability and 

I/R injury is complex.  In the heart, constiuitive 

leevels of NO derived from eNOS are beneficial 

[42]. Myocardial infarct size is larger in eNOS 

knock-out mice suggesting that preservation of 

eNOS function is protective in I/R injury [43].  

This earlier work is reinforced by the more recent 

findings that eNOS gene transfer at the time of 

reperfusion reduces the infarct volume [44] and 

that experimental manipulations that increase 

eNOS activity by phosphorylation at Ser(1179) 

and Ser(635) increase eNOS activity and are 

cardioprotective [45].   

While it would be interesting to study the 

effect of triacsin C treatment on NO synthesis in 

the heart, anatomic reality precludes placing NO 

probes in the coronary vasculature.  Hence, we 

turned to the ischemic hind limb model to measure 

the effect of triacsin C treatment on intravascular 

NO synthesis in situ. In this study, intravascular 

NO concentrations both during and after ischemia 

were significantly greater in triacsin C treated 

animals.  While similar peak reperfusion levels 

were reached in both treated and untreated 

animals, the effect persisted for at least 45 minutes 

in the traicsin C treated animals.   

As anticipated, the triacsin C effect was 

abolished by L-NAME and was unaffected by 

1400W.  The effect of SMTC, an inhibitor with 

about 10 fold greater affinity for nNOS than for 

eNOS, to significantly reduce the triacsin C effect 

was unexpected. These data suggest that it is 

possible that  at least part of the increase in post-

ischemic intravascular NO in the presence of 

triacsin C is a consequence of nNOS activation.  

nNOS has been identified in human coronary 

vascular smooth muscle [46] but its role in cardiac 

I/R injury is poorly understood.  Data from other 

labs is contradictory; nNOS knock-out mice 

showed reduced incidence of post-reperfusion 

arrythmias and increased survival rates as 

compared to controls [17], but impaired 

cardioprotection from ischemic pre-conditioning 

[47].  In human studies, it has been reported that 

basal microvascular tone is tonically regulated by 

nNOS, independent of eNOS, in both the forearm 

and coronary vasculature [48]. 

Our data showing that triacsin C inhibits 

leukocyte recruitment could be explained by 

invoking increased NOS activity.  However, the 

concentration of L-NAME that reversed the effect 

of triacsin C on cardiac performance and infarct 

size was the same concentration used to initiate 

leukocyte-endothelial interactions, and that those 

interactions were reversed by triacsin C.  Thus, 

increased eNOS activity may not be the sole 

mechanism by which triacsin C inhibits leukocyte 

recruitment. Since triacsin C inhibits eNOS 

palmitoylation [34], it is tempting to speculate that 

triacsin C may inhibit palmitoylation of additional 

proteins, thus changing their function and/or sub-

cellular location.    

Protein palmitoylation is a very rapid (half-

time of seconds) common pathway facilitating 

protein trafficking [49,50].  Indeed, proteins that 

are rapidly re-partitioned between cytoplasm and 

membrane are suspects for palmitoylation [50].  

Proteins such as platelet endothelial cellular 

adhesion molecule (PECAM) [51] and P-selectin 

[52], which are translocated to the plasma 

membrane early in the ischemic injury cascade, 

require palmitoylation for activation or 

localization.  

Interestingly, PECAM knockout mice have 

been reported to have higher basal eNOS activity 

and NO availability [53].  The subcellular 

localization of at least one other protein regulator 

of both NOS, heme oxygenase-1, is palmitoylation 

dependent [54].  This finding is particularly 

interesting because heme oxygenase-1 regulates 

eNOS function [55], its upregulation abrogates 

myocardial I/R injury [56-58] and gene therapy 

with heme oxygenase-1 has long-lasting 

cardioprotective effects [45]. 

Thus, inhibiting FACS appears to target 

simultaneously multiple points in the ischemic 

injury cascade. The present study provides 

evidence that triacsin C reduces infarct size 

associated with global cardiac I/R, attenuates the 

loss of post-reperfusion cardiac function, and 

increases intravascular NO concentration.  

Furthermore, by inhibiting leukocyte-endothelial 

interactions, triacsin C may attenuate the vascular 

inflammatory component associated with I/R 

injury [4]. These findings suggest that triacsin C, 

in conjunction with current therapies, may be 
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useful in treating myocardial infarction.  
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