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AKG as a nutritional supplement to enhance
health and exercise performance
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The vascular smooth muscle AKG/OXGRI1 signaling pathway regulates skeletal
muscle vasodilation, fiber type, and metabolism. Credit: Life Metabolism (2022).
DOI: 10.1093/lifemeta/loac026
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Skeletal muscle is the largest metabolic organ in the body. It is composed
of muscle fibers, blood vessels, nerves and connective tissue. In skeletal
muscle, blood vessels are responsible for transporting oxygen, nutrients
and metabolic wastes, which is very important in muscle development,
hypertrophy and metabolic regulation.

Based on the metabolic characteristics, skeletal muscle fibers can be
broadly classified as "slow-twitch" (type I) and "fast-twitch" (type II),
where type I slow-switch fibers undergo slow oxidation. Type II fast-
twitch fibers can be further classified into three major subtypes based on
the differential expression of myosin heavy chain (MYH): type ITA (fast
oxidizing muscle fibers), type IIX (intermediate muscle fibers), and type
IIB (fast enzymatic muscle fibers), although it is generally accepted that
humans do not have type IIB fibers.

In skeletal muscle, the type I slow oxidizing fibers have better blood
perfusion and more capillary density. In humans, type I muscle fibers are
associated with longer exercise endurance, while meat quality is directly
related to the proportion of slow muscle fibers in livestock muscle.

During contraction, the skeletal muscle releases various metabolites,
such as the end products of glycolysis, pyruvic acid (PA) and lactic acid
(LA), as well as intermediate metabolites of the tricarboxylic acid (TCA)
cycle, a-ketoglutarate (AKG) and succinate (SUC). While LA and SUC
have been shown to regulate vasodilation, which allows tissues to receive
abundant oxygen and nutrients, it is not known whether AKG performs
the similar function.

AKG is an important intermediate metabolite of the TCA cycle that can
be released during exercise. Previous studies have shown that AKG plays
biological functions such as regulating energy metabolism, promoting
osteogenesis, improving immunity, and prolonging life span of animal
organism. Oxoglutarate receptor 1 (OXGR1) is an endogenous receptor
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of AKG mainly expressed in the tissues of nervous system, adrenal gland
and reproductive system, but the expression of OXGRI in skeletal
muscle is relatively low.

In a previous study published by Prof. Gang Shuang and Prof. Qingyan
Jiang at South China Agricultural University, it is demonstrated that
addition of AKG to drinking water can reduce fat deposition, as well as
increase skeletal muscle mass. Consistently, the skeletal muscle
underwent significant atrophy in mice with global knockout of OXGRI1.
So far, the expression and function of OXGRI1 in skeletal muscle are
unclear.

On 29 September 2022, the same group published a study in Life
Metabolism entitled "AKG/OXGR1 promotes skeletal muscle blood flow
and metabolism by relaxing vascular smooth muscle", revealing that
AKG/OXGRI1 regulates skeletal muscle metabolism through relaxing
vascular smooth muscle.

This study reports for the first time that OXGRI1 in skeletal muscle is
mainly distributed in vascular smooth muscle of soleus muscle (slow
oxidizing muscle). Using OXGR1 systemic knockout and vascular
smooth muscle specific knockout mouse models, they found that
OXGR1 is essential for type switching and metabolism of skeletal
muscle.

Further study revealed that AKG/OXGRI1 signaling pathway can relax
vascular smooth muscle by lowering intracellular pH in vascular smooth
muscle. Moreover, additional AKG supplementation not only helps to
promote muscle development, but also promotes the conversion and
metabolism of skeletal muscle to oxidative muscle fibers, finally leading
to improving exercise capacity or livestock meat quality.

This study provides novel insights into the nutritional regulation of AKG
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as a nutrient to improve the health and exercise capacity of specific
populations (sedentary people or athletes), and the yield as well as
quality of livestock meat.

More information: Jinping Yang et al, AKG/OXGR1 promotes
skeletal muscle blood flow and metabolism by relaxing vascular smooth
muscle, Life Metabolism (2022). DOI: 10.1093/lifemeta/loac026
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