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Editorial

Introduction

The oldest evidence for pure zinc (Zn) comes from Zawar 
in Rajasthan as early as the ninth century AD.[1] Zn is an 
essential trace element for humans.[2] Zn is required for 
the functions of over 300 enzymes and 1000 transcription 
factors[3] and is stored and transferred in metallothioneins.[4] 
It is the second most abundant trace metal in the humans after 
iron, and it is the only metal which appears in all enzyme 
classes. Roughly 2–4 g of Zn is distributed throughout the 
human body. Most Zn is in the brain, muscle, bones, kidney, 
and liver, with the highest concentrations in the prostate and 
parts of the eye.[5] A variety of Zn compounds are commonly 
used in medicine such as Zn carbonate and Zn gluconate 
(as dietary supplements).

Zinc in Pancreas

Zn is greatly concentrated in endocrine pancreas.[6] 
Dysregulation of Zn metabolism within the pancreas impairs 
a multitude of key processes, including glycemic control,[7] 
pancreatic cancer,[8] and chronic pancreatitis.[9] Members 
of the SLC30A gene family  (ZnT1–10) transport Zn from 
the cytoplasm, whereas members of the SLC39A gene 
family  (Zip1–14) transport Zn into the cytoplasm.[10] 
Localization of Zip1, Zip10, and Zip14 to pancreatic α‑cells 
suggests that these transporters are responsible for importing 
Zn into the cell. Zn binds to and opens ATP‑dependent K(+) 
channels, allowing the efflux of Zn from the α‑cell and 
inactivation of voltage‑dependent calcium channels, resulting 
in decreased glucagon secretion. Zn is transported into 
pancreatic β‑cell cells via Zip4. Zn is transported into insulin 
granules by ZnT8.[11] A Zn‑containing hexameric unit is formed 
when two Zn ions associate with two insulin dimmers and 
combine with an additional insulin dimer.[10] Zn is transported 
into pancreatic acinar cells by Zip5. ZnT2 is responsible for 
the transport of Zn into zymogen granules by where it binds 
to and activates digestive enzymes.

Zinc and Glycemic Control: Molecular 
Mechanisms

Antioxidant properties
Hypozincemia and hyperzincuria are known to be 
present in patients with both type‑1 and type‑2 diabetes. 
Zn supplementation is however controversial, and few 
studies have shown a beneficial effect. Oxidative stress 
measured by thiobarbituric acid reactive substances and 
selenium‑dependent glutathione peroxidase, an antioxidant 
enzyme, significantly improved on supplementation of 
Zn 30 mg/day for 3–6 months.[12]

Effects on carbohydrate and lipid metabolism
Zn stimulates glycolysis and inhibits gluconeogenesis. 
Zn is also known to be a concentration‑dependent reversible 
inhibitor of a‑glucosidase activity in the intestine.

In skeletal muscles, the phosphorylation of AMP‑activated 
protein kinase is greatly stimulated by Zn‑α2‑glycoprotein 
and increases cellular GLUT4 protein also been observed 
in adipose tissue with a resultant increase in glucose uptake.

Islet cell function
In vitro environments increasing the extracellular Zn 
concentration are known to increase the free insulin 
concentration in the immediate vicinity of β‑cells, mediated 
by enhanced Zn‑insulin dissociation. Human islet amyloid 
polypeptide amyloid fibrillogenesis is significantly inhibited 
by Zn, at concentrations similar to those found in in  vivo 
extracellular environments. Reduced insulin content and 
decreased insulin secretion in response to hyperglycemic 
stimuli were seen in ZnT8 downregulated cells.[11]

Insulin‑mimetic compounds
Zn ions and its complexes have shown insulin‑like action in 
both in vitro and in vivo experiments.[13] In vitro, Zn complexes 
inhibit the release of free‑fatty acids[13] and activate the insulin 
signaling cascade. A significant reduction in blood glucose is 
induced by Zn oxide nanoparticles, and it also elevates serum 
insulin levels and glucokinase activity, while stimulating a 
higher expression of insulin, insulin receptor, GLUT‑2, and 
glucokinase genes in STZ‑induced (type‑1) diabetic rats.[14]

Studies on Zinc and Glycemic Control

Dietary intake of Zn was associated with a reduced risk of type‑2 
diabetes mellitus (T2DM).[15] The effects of supplementation 
were investigated in randomized clinical trials that utilized Zn 
as the sole intervention (11 interventions, n = 581) or combined 
with other micronutrients  (7 interventions, n  =  3397). 
The dose of elemental Zn ranged from 3 to 240  mg/day 
(median: 30 mg/day). Zn supplementation produces a modest 
but significant reduction in glucose concentrations, with the 
effect being more pronounced in subjects who are classified 
as diabetic or obese.[16] In a subset of trials, HbA1c tended 
to decrease following Zn supplementation, but insulin 
concentrations were not significantly affected. The response 
in healthy individuals is less clear. The SUVIMAX study is 
the one among the largest of trials, carried out in healthy men 
and women which showed no significant effect of Zn (20 mg) 
together with a mixture of micronutrients (Vitamins C and E, 
carotene, and Se) on the plasma glucose concentrations.[17]

The study done by Naik et al. published in this issue assessed 
serum Zn levels and glycemic parameters in T2DM patients. 
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They have, for the first time, studied Zn levels in patients on 
treatment with oral antidiabetic agents. They have documented 
low levels in both the groups of patients on metformin alone 
and those taking metformin and SU. Diabetics having low 
Zn levels is a well‑documented fact; however, Zn levels in 
diabetics on OAD  have not been studied. Their study has not 
shown a significant difference between the groups of treatment 
or with different parameters of glycemic control. Eshak et al. 
have also shown that persons with good glycemic control had 
normal Zn levels. The uncontrolled diabetic seemed to have a 
greater reduction in Zn levels.

A word of caution should also be exercised as high doses 
of Zn may induce copper deficiency, decrease high‑density 
lipoprotein, and decrease biomarkers of iron status. Hence, 
further studies are required to substantiate the need for Zn 
supplementation and define the adequacy.
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