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Diabetic peripheral neuropathy (DPN) is the most prevalent 
complication in patients with diabetes and usually manifests 
early during diabetes, decreasing quality of life and sleep [1]. 
Early preventive measures and management of DPN is essen-
tial in patients with diabetes; however, there are still unmet 
needs in clinical practice largely caused by a lack of mecha-
nism- or pathogenetic-based therapies. Management of DPN is 
based on symptomatic and pathogenetic treatment [2]. While 
rigorous control of hyperglycemia is a proven therapeutic op-
tion in patients with type 1 diabetes mellitus (T1DM), it is less 
established in those with type 2 diabetes mellitus (T2DM). 
Other disease-modifying pathogenetic treatments including 
α-lipoic acid (ALA) or γ-linolenic acid has been suggested, but 
more comprehensive clinical trials are needed to confirm their 
efficacy and safety. Alternately a number of symptomatic treat-
ments to relieve pain or discomfort are recommended in clini-
cal guidelines, including antidepressants such as amitriptyline 
and duloxetine, γ-aminobutyric acid analogues gabapentin 
and pregabalin, opioids, and topical agents such as capsaicin, 
which have limited efficacy for pain control in T1DM or T2DM.

In this issue of the Diabetes and Metabolism Journal, Kim et 
al. [3] investigated the effects of metformin on sensory tests in-
cluding sensitivity to a von Frey filament, paw-licking and tail 
flick response to a hot plate, as well as a Randall-Selittometer to 
assess pressure threshold, and comparison analysis of neuronal 
quantification in streptozotocin/high-fat diet-induced diabetic 
rats. In addition, they compared plasma levels of vitamin B12, 
glutathione, and tumor necrosis factor α (TNF-α). In this ex-

periment, the authors treated rats with metformin at 100 mg/
kg/day to minimize the glucose lowering effect, and they ad-
ministered ALA (0.5%, 100 mg/kg/day) as an active control. 
They found 12-week treatment with metformin attenuated the 
hypersensitivity reaction to a von Frey filament (tactile allo-
dynia) in diabetic rats, and these effects were maintained with 
24-week treatment. However, thermal hyperalgesia (paw and 
tail response to hot plates) was not attenuated by metformin at 
12- and 24-week time points. Effects of metformin treatment 
on the preservation of tactile and pressure responses were com-
parable to treatment with ALA at 24 weeks. They also found a 
neuroprotective effect of metformin by measuring intraepider-
mal nerve fiber density (IENFD) and axon diameter in cutane-
ous peripheral and sciatic nerves, respectively. In addition, 
they found that vitamin B12 levels were not decreased by met-
formin treatment compared to normal and diabetic rats while 
TNF-α levels were decreased by treatment with metformin or 
ALA compared to diabetic rats. Finally, the authors proposed 
that the neuroprotective benefit of metformin might be associ-
ated with anti-inflammatory properties by reducing proin-
flammatory TNF-α levels, which are independent of glucose-
lowering effects. These results suggest that 24-week treatment 
with metformin initiated early in the course of T1DM attenu-
ate the hypersensitivity resulting from axonal degeneration by 
decreasing systemic inflammation related to hyperglycemia; 
thus, metformin has therapeutic potential to prevent or delay 
hyperglycemia-induced peripheral nerve damage. 

Although metformin, a widely used anti-diabetic drug that 
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activates adenosine monophosphate-activated protein kinase 
(AMPK) [4], has beneficial effects in patients with T2DM from 
a glucocentric viewpoint, it is reported to reduce vitamin B12 
absorption in the terminal ileum [5], and there are concerns 
about the development or worsening of DPN in patients with 
T2DM [6]. However, controversy remains because vitamin B12 
deficiency-associated neuropathy is indistinguishable from 
DPN in patients with T2DM and there are many confounding 
factors, including age, study setting, diabetes duration, and 
dose and duration of metformin in clinical studies. Therefore, 
no direct link between metformin use and DPN has been es-
tablished [6,7]. On the other hand, recent findings with animal 
models showed that metformin has neuroprotective effects 
through AMPK activation and inhibition of mammalian target 
of rapamycin resulting in inactivation of extracellular signal-
regulated kinases, which increases the excitability of nocicep-
tors [8], and metformin also has a positive central effects on 
nociceptors, reducing thermal and mechanical hypersensitivity 
[9]. In line with the current study, previous experiments found 
that metformin prevented atrophy of myelinated axons and re-
duced expression of inflammatory mediators (interleukin-1β, 
inducible nitric oxide synthase and nitric oxide); these effects 
were more prominent after treatment with 200 mg compared 
to 100 mg of metformin in streptozotocin-induced diabetic 
mice [10]. 

In this issue, Kim et al. [3] demonstrated that metformin 
treatment preserved tactile allodynia and peripheral nerve in-
tegrity (IENFD) without glucose-lowering effects or vitamin 
B12 deficiency in a murine model of T1DM. Because there are 
different mechanisms underlying the course of DPN between 
T1DM and T2DM, the results of this experiment need to be 
confirmed. In addition, it remains unclear whether hypersensi-
tivity results from axonal degeneration or demyelination of 
small nerve fibers, and how metformin or ALA prevented de-
creases in axon diameter but not myelin sheath thickness in 
this experiment. Therefore, future studies need to establish the 
mechanisms by which metformin exerts neuroprotective ef-
fects on axonal degeneration occurring in the early stage of dia-
betes in addition to glucocentric and vascular benefits in 
T2DM, in order to develop the novel therapeutic interventions.
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