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INTRODUCTION

A growing body of evidence supports the role of membrane phospholipids in myo-
cardial ischemia reperfusion injury. For example, reperfusion of ischemic myocardium
is associated with the loss of membrane phospholipids in concert with the accumula-
tion of lysophosphoglycerides and free fatty acids, especially arachidonic acid.’»? Mam-
malian hearts contain two types of phospholipids, diacyl and ether glycerolipids, also
known as plasmalogens. Several recent reports indicate that heart contains significant
amount of plasmalogens and that the loss of plasmalogens occur in the pathogenesis
of ischemic heart disease.?

Loss of plasmalogens can occur cither due to the breakdown of membrane phos-
pholipids or due to the impairment of plasmalogen synthesis. The biosynthesis of plas-
malogens is known to occur in two different subcellular organelles: peroxisomes and
microsomes. The initial two enzymes responsible for the introduction of the ether
bond in ether phospholipids are localized in peroxisomes, which work in sequence to
catalyze the acylation of dihydroxyacetone phosphate and removal of the fatty acid by
a long chain alcohol derived from acyl CoA (F1G. 1). The subsequent enzymatic steps
for the formation of plasmalogens take place in the microsomes. Thus, an alkyl glycerol
such as chimyl alcohol, can serve as a precursor for the formation of plasmalogens in
the microsomes. This study examined whether supplementation of the heart with
chimyl alcohol prior to ischemia could reduce the ischemia reperfusion injury.
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MATERIALS AND METHODS

Sprague-Dawley rats weighing approximately 300 g were anesthetized with pento-
barbital (60 mg/kg, i.p.); hearts were quickly removed and perfused by Langendorff
technique as described previously.# Experiments were divided into two groups: the ex-
perimental group received 50 uM chimyl alcohol prior to ischemia while the control
group received equivalent amount of saline. After 15 min of perfusion with or without
the chimyl alcohol, the heart was arrested at normothermia by terminating the cor-
onary flow for 30 min followed by 30 min of reperfusion.

Left ventricular developed pressure (LVDP) and the coronary flow were measured
to monitor the myocardial function,5 creatine kinase (CK) release was quantified as a
measure of tissue injury,5 and malonaldehyde formation measured to monitor the
oxidant stress.® In addition, peroxisomal catalase activity was also measured as de-
scribed previously.”

RESULTS

As shown in FIGURE 2, coronary flow is significantly higher in the postischemic
chimyl alcohol-treated heart as compared to the matched control. The recovery of
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FIGURE 2. Effect of chimy! alcohol on (A) left ventricular developed pressure (LVDP); (B)
coronary flow (CF); (C) creatine kinase (CK) release from the heart 1n the perfusate; (D) mal-
onaldehyde (MDA) formation; and (E) catalase. Isolated rat heart was subjected to 30 min of
ischemia followed by 30 min of reperfusion. B-ISA = before ischemia; A-20 min RE = 20 min
reperfusion following 30 min ischemia; A-30 min RE = 30 min reperfusion following 30 min
ischemia. Results are expressed as means + SE of at least 6 different animals in each group.
* £ < 0.05 compared to control group.
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LVDP during the reperfusion phase was also significantly better in the experimental
group (9 £ 1 versus 13 + 2 mm Hg). The CK release from the postischemic heart
was increased significantly from both the control and chimyl alcohol groups, but the
amount of CK release was much lower in the treated group as compared to the control
group (60 + 10 versus 106 + 9 IU/I) after 30 min of reperfusion, suggesting that chimyl
alcohol treatment reduced the reperfusion injury.

Since reperfusion of ischemic myocardium is associated with the development of
oxidant stress, MDA formation was monitored as a presumptive marker for oxidant
stress. As seen in FIGURE 2, the amount of MDA in the postischemic heart was in-
creased steadily in both groups, but the increase was significantly lower in the chimyl
alcohol group (0.166 + 0.008 versus 0.08 + 0.002 nmol/ml), suggesting reduction
of oxidant stress by chimyl alcohol. To further explore the possible mechanism for the
reduction of oxidant stress, the activity of the antioxidant enzyme catalase was mea-
sured in the peroxisomes. The peroxisomal catalase was significantly lowered in the
postischemic heart (11.26 + 0.8 versus 15.6 + 0.35 nmol/min/mg protein) (F1G. 2).
Treatment with chimyl alcohol restored the catalase activity to the pre-ischemic base-
line level (16.24 + 0.67 nmol/min/mg protein).

DISCUSSION

The results of this study indicate that chimyl alcohol, a precursor of ether-linked
phosphoglyceride biosynthesis, can reduce myocardial ischemia reperfusion injury pos-
sibly by restoring the catalase activity and by reducing the reperfusion-induced oxidant
stress. It may be possible that ischemia-reperfusion causes reduction/inhibition of one
or more of the peroxisomal enzymes necessary for plasmalogen biosynthesis. Secondly,
ischemia-reperfusion might lead to structural disorder in the peroxisomes, thus leading
to the loss of enzymes and/or substrates necessary for plasmalogen synthesis. As de-
picted in FIGURE 1, chimyl alcohol can supply the necessary substrate to the micro-
some for the plasmalogen synthesis by bypassing the first two enzymatic steps of the
plasmalogen synthesis in the peroxisome. These results thus suggest peroxisomal dis-
order in the postischemic myocardium.

The reduction of peroxisomal catalase activity in the postischemic heart and resto-
ration of this antioxidant enzyme by chimyl alcohol further supports the role of per-
oxisomes in the ischemia-reperfusion injury. Decrease in peroxisomal catalase activity
following an ischemic insult was also observed in other organs such as kidney.? It
seems reasonable to assume that chimyl alcohol preserves the catalase activity in heart
by enhancing the plasmalogen synthesis, since these ether lipids have been found to
directly scavenge the oxygen free radical,® which are known to be produced during
the reperfusion.10

SUMMARY

The results of this study suggest that reperfusion of ischemic myocardium may lead
to the peroxisomal disorder both functionally and biochemically. An alkyl glycerol
such as chimyl alcohol can protect the ischemic heart from the reperfusion injury prob-
ably by enhancing the plasmalogen synthesis.



384

ANNALS NEW YORK ACADEMY OF SCIENCES

REFERENCES

. Das, D. K. & R. M. ENGELMAN. 1992. In Pathophysiology of Reperfusion Injury. D. K.

Das, Ed.; 149-179. CRC Press. Boca Raton, FL.

CHIEN, K. R, A. Han, A, SeN, L. M. Buja & J. T. WiLLERSON. 1984. Circ. Res. 54:
313-322.

Gross, R. W. 1986. Biochemistry 23: 158-165.

Ortan1, H., R Prasap, R M. Jones & D. K. Das. 1989. Am. ]. Physiol. 257: H252-
H258.

Liu, X., M. R Prasap, R. M. ENGeLMAN, R. M. Jongs & D. K. Das. 1990. Am. J.
Physiol. 259: H1101-HI1107.

Corbis, G. A., N. MauLik, D. BageHi, R. M. ENGELMAN & D. K. Das. 1993. J. Chrom-
atogr. 632: 97-103.

BeEers, R. F., Jr. & I. W, S1zgr. 1952. ]. Biol. Chem. 195; 133-140.

GuULATL S., A. K. SINGH, C. IraZU, J. OrAK, P. R. RajacorarLan, C. T. Firts & . SINGH.
1992. Arch. Biochem. Biophys. 295: 90-100.

ZOELLER, R., O. H. MoranD & C. R. H. RagTZ. 1988. ]. Biol. Chem. 263: 11590-11596.

Das, D. K. & R. M. ENGELMAN. 1990. I» Oxygen Radicals: Systemic Events and Disease
Processes. D. K. Das & W. B. Essman, Eds. Karger. Basel.



