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Di Giovanni, S., et al., Coenzyme Q10 reverses pathological phenotype and reduces apoptosis in familial CoQ10 deficiency. Neurology, 2001. 57(3): p. 515-8. Two brothers with myopathic coenzyme Q10 (CoQ10) deficiency responded dramatically to CoQ10 supplementation. Muscle biopsies before therapy showed ragged-red fibers, lipid storage, and complex I + III and II + III deficiency. Approximately 30% of myofibers had multiple features of apoptosis. After 8 months of treatment, excessive lipid storage resolved, CoQ10 level normalized, mitochondrial enzymes increased, and proportion of fibers with TUNEL-positive nuclei decreased to 10%. The authors conclude that muscle CoQ10 deficiency can be corrected by supplementation of CoQ10, which appears to stimulate mitochondrial proliferation and to prevent apoptosis.
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Fosslien, E., Mitochondrial medicine--molecular pathology of defective oxidative phosphorylation. Ann Clin Lab Sci, 2001. 31(1): p. 25-67. Different tissues display distinct sensitivities to defective mitochondrial oxidative phosphorylation (OXPHOS). Tissues highly dependent on oxygen such as the cardiac muscle, skeletal and smooth muscle, the central and peripheral nervous system, the kidney, and the insulin-producing pancreatic beta-cell are especially susceptible to defective OXPHOS. There is evidence that defective OXPHOS plays an important role in atherogenesis, in the pathogenesis of Alzheimer's disease, Parkinson's disease, diabetes, and aging. Defective OXPHOS may be caused by abnormal mitochondrial biosynthesis due to inherited or acquired mutations in the nuclear (n) or mitochondrial (mt) deoxyribonucleic acid (DNA). For instance, the presence of a mutation of the mtDNA in the pancreatic beta-cell impairs adenosine triphosphate (ATP) generation and insulin synthesis. The nuclear genome controls mitochondrial biosynthesis, but mtDNA has a much higher mutation rate than nDNA because it lacks histones and is exposed to the radical oxygen species (ROS) generated by the electron transport chain, and the mtDNA repair system is limited. Defective OXPHOS may be caused by insufficient fuel supply, by defective electron transport chain enzymes (Complexes I - IV), lack of the electron carrier coenzyme Q10, lack of oxygen due to ischemia or anemia, or excessive membrane leakage, resulting in insufficient mitochondrial inner membrane potential for ATP synthesis by the F0F1-ATPase. Human tissues can counteract OXPHOS defects by stimulating mitochondrial biosynthesis; however, above a certain threshold the lack of ATP causes cell death. Many agents affect OXPHOS. Several nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit or uncouple OXPHOS and induce the 'topical' phase of gastrointestinal ulcer formation. Uncoupled mitochondria reduce cell viability. The Helicobacter pylori induces uncoupling. The uncoupling that opens the membrane pores can activate apoptosis. Cholic acid in experimental atherogenic diets inhibits Complex IV, cocaine inhibits Complex I, the poliovirus inhibits Complex II, ceramide inhibits Complex III, azide, cyanide, chloroform, and methamphetamine inhibit Complex IV. Ethanol abuse and antiviral nucleoside analogue therapy inhibit mtDNA replication. By contrast, melatonin stimulates Complexes I and IV and Gingko biloba stimulates Complexes I and III. Oral Q10 supplementation is effective in treating cardiomyopathies and in restoring plasma levels reduced by the statin type of cholesterol-lowering drugs.
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Ogasahara, S., et al., Muscle coenzyme Q deficiency in familial mitochondrial encephalomyopathy. Proc Natl Acad Sci U S A, 1989. 86(7): p. 2379-82. The electron transport system of muscle mitochondria was examined in a familial syndrome of lactacidemia, mitochondrial myopathy, and encephalopathy. The propositus, a 14-year-old female, and her 12-year-old sister had suffered from progressive muscle weakness, abnormal fatigability, and central nervous system dysfunction since early childhood. In the propositus, the state 3 respiratory rate of muscle mitochondria with NADH-linked substrates and with succinate was markedly reduced. The levels of cytochromes a + a3, b, and c + c1 were normal. The activities of complexes I, II, III, and IV of the electron transport chain were normal or increased. By contrast, the activities of complex I-III and of complex II-III, both of which need coenzyme Q10 (CoQ10), were abnormally low. On direct measurement, the mitochondrial CoQ10 content was 3.7% of the mean value observed in 10 controls. Serum and cultured fibroblasts of the propositus had normal CoQ10 contents. In the younger sister, the respiratory activities and CoQ10 level of muscle mitochondria were similar to those observed in the propositus. The findings establish CoQ10 deficiency as a cause of a familial mitochondrial cytopathy and suggest that the disease results from a tissue-specific defect of CoQ10 biosynthesis.

10.
Takusa, Y. and S. Yamaguchi, [Myopathies with miscellaneous disorders related to mitochondrial fatty acid oxidation: defective synthesis of ketone body, long-chain fatty acid transport defect, and muscular coenzyme Q10 deficiency]. Ryoikibetsu Shokogun Shirizu, 2001(36): p. 90-4.

11.
Tedeschi, D., et al., Potential involvement of ubiquinone in myotonic dystrophy pathophysiology: new diagnostic approaches for new rationale therapeutics. Neurol Sci, 2000. 21(5 Suppl): p. S979-80. An impairment of mitochondrial function may contribute to the pathophysiology of myotonic dystrophy (MyD). Coenzyme Q10 (CoQ10) deficiency has been previously observed, even if in a restricted sample of patients. The aim of this investigation was to obtain more information about coenzyme Q10 and its relationships to the aerobic metabolism in a group of MyD patients. Serum CoQ10 appeared significantly reduced with respect to normal controls: 0.93 +/- 0.22 vs. 1.58 +/- 0.28 micrograms/ml (p < 0.05). Moreover, the results demonstrated an inverse tendency between CoQ10 levels and the CTG expansion degree. Basal blood lactate levels were significantly higher than controls (p < 0.05). A borderline inverse correlation between CoQ10 and lactate, corresponding to lactate threshold, was found. These data suggest a possible role of CoQ10 in the pathogenesis of MyD, which may be mediated by mechanisms of cellular damage common to the oxidative pathway. Therapeutic strategies may be devised by virtue of this rationale.
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Bowman, P.D., et al., Myopathic changes in diaphragm of rats fed pyridostigmine bromide subchronically. Fundam Appl Toxicol, 1989. 13(1): p. 110-7. To determine if alterations in muscle morphology occur after subchronic oral administration of pyridostigmine bromide, rats were fed 90 mg/kg continuously in meal and examined at 1, 2, 4, 7, and 15 days. Within the first day, cholinesterase activity was reduced by 87% and remained inhibited by 74-91% for the entire course of the feeding. Light microscopy demonstrated that by the first day approximately 1 in 100 myofibers was shrunken and contained centralized nuclei. Electron microscopic examination showed that while presynaptic areas of neuromuscular junctions were relatively unaffected by this dose, postsynaptic areas invariably showed maximal changes. Ultrastructural alterations included disruption of myofilaments, mitochondrial changes consistent with accumulation of calcium, and nuclear alterations. These effects appeared not to be cumulative and were greatly diminished by 15 days even under constant drug administration and inhibition of cholinesterase activity. We conclude that subchronic feeding of pyridostigmine bromide induces primarily myopathic rather than neurogenic changes in the diaphragm and that some mechanism of accommodation may be activated that minimizes continued muscle injury.
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Glass-Marmor, L., M. Chen-Zion, and R. Beitner, Effects of carbamylcholine and pyridostigmine on cytoskeleton-bound and cytosolic phosphofructokinase and ATP levels in different rat tissues. Gen Pharmacol, 1996. 27(7): p. 1241-6. 1. The effects of carbamylcholine (CaCh) (acetylcholine agonist) and pyridostigmine (Pyr) (acetylcholinesterase inhibitor), on the activity of cytoskeleton-bound and cytosolic phosphofructokinase (PFK), the rate-limiting enzyme in glycolysis, and ATP levels, were studied in rat tibialis anterior (TA) muscle, heart, and brain. 2. In the TA muscle, a marked (about three-fold) increase in the allosteric activity of cytosolic (soluble) PFK was found, 3-5 min following the injection of CaCh or Pyr. The intracellular distribution of the enzyme was not affected by both drugs. Stimulation of glycolysis in this muscle was also expressed by a significant increase in the concentrations of glycolytic intermediates and lactate. Glucose 1,6-bisphosphate (Glc-1,6-P2) levels were unchanged, whereas fructose-2,6-bisphosphate (Fru-2,6-P2) was increased. Glycogenolysis was also stimulated, as deduced from the decrease in glycogen content. The stimulation of glycolysis, induced by both drugs, was accompanied by an increase in ATP level in the TA muscle. 3. In contrast to the stimulatory action of CaCh or Pyr on glycolysis in the TA muscle, both drugs had no effect on cytosolic and cytoskeletal PFK in heart and brain. However, ATP content in both heart and brain was markedly reduced by these drugs, most probably due to their reported harmful effects on mitochondrial function, leading to tissue damage. 4. Electron microscopic studies of TA muscle and heart from rats treated with CaCh or Pyr, revealed severe damage of heart but no harmful effects on TA muscle, which is a muscle with high glycolytic and low oxidative capacity. The present experiments suggest that the accelerated glycolysis in this muscle induced by both drugs, supplies ATP, thus preventing muscle damage.
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Glass-Marmor, L. and R. Beitner, Effects of carbamylcholine and pyridostigmine on mitochondrial-bound hexokinase in skeletal muscle and heart. Biochem Mol Med, 1996. 57(1): p. 67-70. We show here that carbamylcholine (acetylcholine agonist) or pyridostigmine (acetylcholinesterase inhibitor), drugs which are widely used in medical treatments, exerted a rapid reduction in mitochondrial-bound hexokinase. This reduction was inversely proportional to the changes in glucose-6-phosphate levels in skeletal and heart muscle. Increased concentration of acetylcholine, occurring in various diseases or induced by acetylcholinesterase inhibitors, was reported to cause deterioration of mitochondrial function, resulting in heart and muscle damage. The present experiments suggest that the reduction in mitochondrial-bound hexokinase, which is closely linked to intramitochondrial oxidative metabolism, may play an important role in the mechanism which leads to tissue damage.
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Hudson, C.S., R.E. Foster, and M.W. Kahng, Neuromuscular toxicity of pyridostigmine bromide in the diaphragm, extensor digitorum longus, and soleus muscles of the rat. Fundam Appl Toxicol, 1985. 5(6 Pt 2): p. S260-9. The neuromuscular junctions from diaphragm, soleus, and extensor digitorum longus (EDL) muscles of male albino rats were assessed for morphological alterations following acute (30-min) and subacute (2-day) exposure to pyridostigmine bromide in Mestinon-equivalent buffer. These muscles were selected to compare the effects of the drug on muscles of different fiber type composition. The diaphragm has approximately equal numbers of type I and type II fibers while the soleus and EDL possess primarily type I and type II fibers, respectively. Pyridostigmine was administered to each acute-exposure animal by a single subcutaneous injection of 0.36 mg/kg pyridostigmine and to each subacute-exposure animal by a subcutaneously implanted osmotic minipump containing 10 mg/ml pyridostigmine. Both treatments resulted in whole blood cholinesterase (ChE) depression of approximately 60-70% as determined by radiometric assay. Control animals received only Mestinon-equivalent buffer. Both acute and subacute exposures resulted in morphological alteration of the neuromuscular junctions (NMJs) of all three muscles, although considerable variation in the extent of damage occurred even within individual NMJs. The most frequently observed presynaptic alterations were mitochondrial damage and partial withdrawal of nerve terminal branches (partial denervation). Post-synaptic changes included occasional rarefaction of mitochondrial matrices and disruption of the myofibrillar organization in small numbers of subjunctional sarcomeres. The data indicate that acute or subacute exposure to pyridostigmine bromide at a whole blood ChE depression of 60-70% results in similar alterations to the NMJs of three muscles with substantially different fiber type compositions. Although the severity of the damage varies from fiber to fiber, the variability appears random and not related to a specific fiber type or dosage regimen.
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Kato, T., et al., Role of acetylcholine in pyridostigmine-induced myocardial injury: possible involvement of parasympathetic nervous system in the genesis of cardiomyopathy. Arch Toxicol, 1989. 63(2): p. 137-43. Although acetylcholine is known to be involved in the genesis of skeletal muscle disturbance, its effect on cardiac muscle has been scarcely studied. In the present paper, using pyridostigmine, a cholinesterase inhibitor, the possible role of acetylcholine in the genesis of cardiomyopathy was investigated. In a mortality study, it was shown that pyridostigmine (100 mg/kg) caused death of 9/10 rats within 8 h, and that the lethality of such a dose could be significantly diminished by the subsequent administration of a total dose of 4 mg/kg atropine. In all other experiments, rats were divided into three groups; the control, untreated group; the pyridostigmine + atropine group in which atropine (2 mg/kg) was administered 5 min after pyridostigmine (60 mg/kg) administration; and the pyridostigmine group in which pyridostigmine (60 mg/kg) was administered orally. Rats were killed 3 h after pyridostigmine administration, and hearts were isolated. Heart mitochondrial electron transport activity (NADH-cytochrome c reductase, succinate-cytochrome c reductase, and cytochrome c oxidase) were measured enzymatically, and mitochondrial respiratory rates and control indices were measured polarographically. Structural changes in cardiac muscles of each group were observed by electron microscopy of cardiac sections. Acetylcholine levels of left ventricle were measured by high performance liquid chromatography. Activities of NADH-cytochrome c reductase and succinate-cytochrome c reductase were not affected by pyridostigmine administration; however, cytochrome c oxidase activity was significantly reduced in the pyridostigmine group. Atropine markedly lessened this reduction in activity. A protective effect of atropine was also observed morphologically. A protective effect of atropine was also observed morphologically. In the pyridostigmine group and the pyridostigmine + atropine group, left ventricular acetylcholine levels were increased significantly compared with the control.(ABSTRACT TRUNCATED AT 250 WORDS).
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Schuschereba, S.T., et al., Myopathic alterations in extraocular muscle of rats subchronically fed pyridostigmine bromide. Toxicol Pathol, 1990. 18(3): p. 387-95. To determine if alterations in extraocular muscle morphology occur after subchronic oral administration of pyridostigmine bromide, rats were continuously fed 90 mg/kg in meal and examined at 1, 2, 4, 7, and 15 days. Within the first day, blood acetylcholinesterase activity was reduced by 87% and remained inhibited by 74-91% during the study. Light microscopy demonstrated that by day 1 approximately 3% of the extraocular myofibers were shrunken and invaded by inflammatory cells. The most severe degenerative changes consisting of vacuoles and inflammatory cell infiltration occurred at day 1 with progressively less severe changes at days 2 and 4. At days 7 and 15, 1.3-4.5% of the myofibers still exhibited damage. Ultrastructurally, all presynaptic areas were normal but the postsynaptic areas of affected myofibers at days 1, 2, and 4 showed myofilament and Z-band dissolution, mitochondrial inclusions, subneural fold and T-tubule/sarcoplasmic reticulum vacuolization and subneural fold depth reduction. By days 7 and 15, these changes were diminished in some cases and in others alterations appeared similar to day 1. We conclude that subchronic feeding of pyridostigmine bromide induces myopathic rather than neurogenic changes in rat extraocular muscle and that the myopathy is different in these muscles than in the diaphragm from the the same rats.
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Babu, S.R., et al., Effect of physostigmine on plasma lactate and pyruvate in untrained/trained rats. Pharmacol Biochem Behav, 1992. 42(1): p. 67-73. Physostigmine (Phy) is metabolized to eseroline, a phenolic compound that appears to alter mitochondrial functions. The effect of Phy on recovery from exercise and on time course of plasma lactate and pyruvate levels following an acute bout of exercise (AE) was examined in untrained and trained (ET) rats. Phy alone elicited significantly higher plasma lactate and pyruvate levels than sedentary control. AE + Phy had a significantly higher plasma lactate and pyruvate levels compared to AE 2 min postadministration. From 5-30 min postexercise, lactate and pyruvate levels did not differ between these two acutely exercised groups. ET + Phy exhibited significantly lower levels of plasma lactate and pyruvate from 5-60 min postexercise compared to ET. The data show that the "additive" effect of Phy on postexercise plasma lactate and pyruvate levels can be attenuated by an enhanced fitness level in these rats.
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