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Combined walking exercise and alkali therapy in patients with CKD4-5 generates anabolic signals but no net suppression of muscle protein catabolism
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Muscle wasting, arising principally from increased protein catabolism, is a major problem in patients with advanced chronic kidney disease (CKD) and is significant even in pre-dialysis CKD. It arises from a number of factors including the sedentary state of the patients and chronic uraemic metabolic acidosis. Regular exercise is potentially beneficial but has been under-investigated in pre-dialysis CKD and could in principle worsen metabolic acidosis through exercise-induced lactic acid generation. We therefore investigated the effect of 6 months walking exercise with and without additional alkali therapy. 
40 patients with CKD 4-5 were recruited (23 male, median age 58, range 20-83 years, mean eGFR±SEM 25.7±1.2ml/min/1.73m2), and 20 patients undertook an exercise programme consisting of brisk walking at a Borg Rating of Perceived Exertion Rate (RPE) of 12-14 for at least 30 minutes, 5 times a week for six months. The other 20 patients continued with normal physical activity (non-exercising controls). In addition to their standard oral sodium bicarbonate therapy (STD), ten patients in each group were randomised to receive sufficient additional oral bicarbonate (XS) to raise venous bicarbonate to approximately 28mmol/L. Blood and vastus lateralis muscle biopsies were drawn at baseline and after 1 and 6 months.18 exercisers (including 8 on XS bicarbonate) and 13 controls (6 in XS group) completed the 6 month study. 
Acute exercise tolerance (assessed by a submaximal exercise test based upon RPE) was significantly increased after 1 and 6 months in the exercise group, but did not change in controls. The accompanying acute rise in blood lactic acid was similar at baseline  (1.2 ± 0.2mmol/L) and at 6 months (1.0  ± 0.3) in the STD exercising group but was suppressed in the XS group (1.8 ± 0.5 at baseline) versus (0.8 ± 0.3 at 6 months, P=0.057). After 6 months of exercise, 9 free amino acids in muscle of the STD group showed striking depletion relative to baseline (e.g. L-Ala 7.3 ± 3.2 mmol/L cell H2O at baseline vs 1.4 ± 0.2 at 6 months, P= 0.021) This was accompanied by collapse of the muscle/plasma concentration gradients, suggesting a failure of the active amino acid transporters (e.g. SNAT2) which pump amino acids into the cells and are known to be inhibited by acidosis. Consistent with this was the observation that muscle amino acid depletion did not occur in the XS alkali group (L-Ala 4.2 ± 2.1 at baseline vs 4.0  ± 1.2 at 6 months, NS). These anabolic amino acid effects in the XS exercising group were accompanied by strong suppression of the key transcriptionally regulated ubiquitin E3 ligases MuRF1 and MAFBx which activate protein catabolism through the ubiquitin-proteasome pathway. At 6 months MuRF1 and MAFBx expression (Q-PCR) were reduced to 41 ± 18% and 46 ± 18% of baseline respectively (P< 0.05), with no corresponding effects in the STD exercising group. However, other anabolic indicators (Protein Kinase B activation and suppression of the 14kDa actin catabolic marker) were unaffected in the exercising XS group. Possibly because of this, overall suppression of myofibrillar protein catabolism (3-methyl histidine excretion) and increased lean body mass (DEXA) were not observed. As XS alkali therapy had no effect in the non-exercising group, it is concluded that apparent beneficial effects of alkali in the exercisers arose by countering exercise-induced acidosis. Whether net muscle hypertrophy in CKD can be attained by combining alkali therapy with improved exercise regimes (e.g. resistance exercise) merits further investigation.

