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Lipids are hydrophobic or amphiphilic small molecules, including fatty acids and their derivatives, in particular

esters, sterols, steroids and phospholipids.

insulin resistance  type 2 diabetes  natural product

1. Introduction

Insulin resistance (IR) is clinically defined as the inability of a known quantity of exogenous or endogenous insulin

to increase glucose uptake and its utilization in an individual as much as it does in a normal population . IR is

associated with conditions beyond prediabetes and type 2 diabetes (T2D), including cardiovascular and metabolic

pathologies, collectively referred to as a metabolic syndrome, nonalcoholic fatty liver disease, as well as

atherosclerosis, hypertension, polycystic ovarian syndrome and infectious diseases with sepsis sequelae 

. The cause of IR is poorly understood, but the major contributors are thought to comprise systemic chronic

inflammation  associated with abnormal lipid levels, oxidative and endoplasmic reticulum stress, insulin receptor

mutations and mitochondrial dysfunctions .

2. Lipids

Lipids are hydrophobic or amphiphilic small molecules, including fatty acids and their derivatives, in particular

esters, sterols, steroids and phospholipids.

Azelaic acid (AZA)  and the best characterized azelate, diethyl azelate DEA , (Figure 1) are both MAIMs. Yet,

as can be expected from the large differences in respective water–octanol partitioning coefficients, the respective

interactions of AZA and DEA with plasma membrane are quite different . DEA is a membrane fluidizer that

interacts with the plasma membrane and membrane proteins, while AZA, due to its lower lipophilicity, has limited

membrane interactions .
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Figure 1. Representative natural products in the families of lipids (A), phenols (B), terpenes (C), antibiotics (D) and

alkaloids (E–G).

AZA and azelates occur naturally in plants, animals and humans. Archaeological records provide evidence that

even ancient humans consumed AZA and its esters in the form of grains, olives, soybeans, fermented foods and

alcoholic beverages . Endogenous AZA produced from longer chain carboxylic acids, mainly oleic acid, is

present at micromolar levels in human cerebrospinal fluid, saliva and also in breast milk . The levels of AZA and

azelates in the body appear to increase in response to environmental insults  and fasting .

AZA and its esters act as immunomodulators in multicellular organisms. AZA primes plant systemic immunity after

infection . AZA modulates the innate immune responses in human skin and induces the expression of

peroxisome proliferator-activated receptor gamma (PPARγ), a key regulator of inflammation, activated by fatty

acids and products of lipid peroxidation . DEA and related azelates exert immunomodulatory actions in vitro and

in vivo . DEA is a metabolic precursor of AZA, and is rapidly converted into AZA under physiological conditions

.

Although DEA and AZA are pharmacologically distinct entities, they share some common effects in the mitigation of

IR, albeit at quite different doses. Oral AZA administered to diabetic mice at 80 mg/kg over 11–15 weeks improved

glucose tolerance and decreased plasma triglycerides, glucose and cholesterol plaque formation in the arteries .

In a human study in overweight adult males, daily oral DEA at 1 mg/kg over 3 weeks significantly reduced fasting

glucose and insulin in subjects with IR and/or hemoglobin A1c (A1c) ≥ 5.6%, and improved diagnostic lipid ratios in

all cases. The impact of DEA on biomarkers of disease correlated with the degree of IR . These findings are in

[13][14][15]

[13]

[16] [17]

[18]

[19]

[14]

[13]

[20]

[21]



Lipids | Encyclopedia.pub

https://encyclopedia.pub/entry/46966 3/8

line with the physicochemical differences between AZA and DEA. Notably, sebacic acid , a C10 dicarboxylic

acid, purportedly has some hypoglycemic effects , albeit at doses nearly 100 times higher than those achieved

with DEA in humans .

Some effects of DEA and AZA on IR may be mediated by mitochondria. Mitochondrial dysfunction has been found

to be associated with obesity-induced IR and T2D , while the enrichment of mitochondria in skeletal muscle was

reported to lower the risk of T2D .

AZA was reported to bind to a murine olfactory receptor Olfr544 . Olfactory receptors are G-protein-coupled

plasma membrane receptors that constitute over 5% of the mammalian genome. Olfr544 is widely expressed in

nonolfactory murine tissues, such as the small intestine, colon, adipose tissue, liver and skeletal muscle . The

activation of Olfr544 with AZA stimulated mitochondrial biogenesis in mouse skeletal muscle . In vivo

treatment with AZA increased insulin sensitivity and ketone body levels  and upregulated genes involved in

insulin signal transduction . It was proposed that AZA is a fasting signaling molecule that can activate Olfr544 in

various tissues . In the pancreas, AZA upregulated glucagon secretion through pancreatic islets . In the gut,

AZA’s activation of Olfr544 increased the secretion of an insulinotropic hormone glucagon-like peptide-1 (GLP-1)

. Since IR and T2D are associated with the impaired postprandial secretion of GLP-1 , the endogenous

activity of AZA might be beneficial in these conditions. The putative human analogue of murine Olfr544 is encoded

by the OR52K1 gene, but its function, like that of many other ectopically expressed olfactory receptors, is presently

unknown.

Phospholipids are the main components of cell plasma membranes, and are also canonical MAIMs. Human studies

have demonstrated the association between IR and the levels of the two most abundant phospholipids,

phosphatidylcholine (PC)  and phosphatidylethanolamine (PE) . Interestingly, the PC/PE ratio in skeletal

muscle has been found to be elevated in T2D . Abnormally high or low PC/PE ratios (and even small alterations

thereof) influence the mitochondrial energy metabolism and have been linked to IR and metabolic syndrome .

A U-shaped dose response of phospholipids in the control of IR was reminiscent of the dose responsiveness of

some MAIMs .

Other lipid MAIMs, such as n-3 and n-6 polyunsaturated fatty acids (PUFAs), represented by α-linoleic acid  and

linoleic acid , respectively, affect membrane fluidity upon incorporation into phospholipids  or as free fatty

acids. The dietary n-3 PUFA counteracted IR by modulating mitochondrial bioenergetics and decreasing

endoplasmic reticulum stress . Higher adipose tissue levels of α-linoleic acid have been inversely associated

with IR in healthy adults . Rats fed a high-fat diet enriched in n-3 and n-6 PUFAs developed hyperglycemia and

hyperinsulinemia, consistent with IR. The expression of insulin receptors was significantly reduced in the liver, but

not in the muscle, and the n-3 PUFA diet maintained normal GLUT-4 levels in the muscle . Isomers of linoleic

acids activated nuclear factor kappa-B (NFκB), elevated interleukin-6 (IL-6) and induced IR in human adipocytes

.
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Cholesterol  is the most common steroid in human physiology and a classical lipid MAIM. Cholesterol organizes

and rigidifies plasma membranes  where cholesterol-enriched lipid rafts regulate protein diffusion and

distribution . An association between IR, increased cholesterol synthesis and decreased cholesterol absorption

was reported in normoglycemic men  and subjects with metabolic syndrome . Insulin sensitivity affected the

cholesterol metabolism to a greater extent than obesity .

Cholesterol is a precursor of primary bile salts produced by the liver. The regulation of bile acid levels is linked to

the lipid and glucose metabolism. Increased plasma levels of α-hydroxylated bile acids were found to be

associated with IR , while bile acid sequestrants reduced glucose and cholesterol levels in T2D .
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