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Abstract

Purpose: Despite the troublesome nature of Peripheral Neuropa-
thy (PN) and the possibility of irreversible complications, there is still
no approved strategy for the treatment of PN. However, some atypical
analgesic agents such as gabapentin, pregabalin, and duloxetine have
beneficial effects. Metformin is an anti-hyperglycemic agent which is
widely used for the treatment of type 2 Diabetes Mellitus (DM). In ad-
dition to its blood sugar-lowering effect, many studies have suggested
that Metformin has beneficial effect in the suppression of inflammation
by many mechanisms. Regarding, several studies have been conducted
on the effectiveness of Metformin in the prevention or controlling the
symptoms of PN. The aim of this article is to review the potential effect
of Metformin as an adjuvant for the treatment of PN with a focus on
diabetic neuropathy and CIPN.

Methods: In this paper, the researcher has conducted a search on
PubMed and Scopus, and Web of Science for original articles and re-
views published from 1993 until 2022, with the following keywords;
Peripheral Neuropathy, Diabetic Neuropathy, Metformin and Post-Che-
motherapy complications.

Results: We identified 79 studies at the first step of search strategy.
Finally, 17 studies were included, of which 12 were animal studies and
5 were human studies.

Conclusion: In-Vitro and animal studies have shown beneficial ef-
fects of Metformin controlling the development of peripheral neuropa-
thy. However, clinical results of using Metformin for symptomatic treat-
ment of diabetic neuropathy is conflicting. Further clinical studies are
needed to establish the effect of metformin on peripheral neuropathy.

Keywords: Peripheral neuropathy; Metformin; Inflammation; Che-
motherapy-induced neuropathy.
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Introduction

Peripheral Neuropathy (PN) refers to the condition that the
neurons of the extremities are damaged. The prevalence of all-
cause peripheral neuropathy is between 6% to 50% worldwide
[1]. PN usually occurs secondary to diseases or medications,
among them, Diabetes Mellitus (DM) is more common. In dia-
betic patients, the incidence of both oxidative stress and inflam-
matory factors is high due to longstanding hyperglycemia, and
so the development of microvascular complications such as PN
is common in this population. The most important risk factors
for diabetic neuropathy include age, poor glycemic control, du-
ration of DM, and typel versus type [2,3]. On the other hand,
among drug-induced neuropathies, Chemotherapy-Induced
Peripheral Neuropathy (CIPN) is an important cause of PN.
The most prevalent chemotherapeutic agents associated with
CIPN are platinum-based drugs, Vinka alkaloids, Taxanes, Tha-
lidomide, and Bortezomib [4,5]. Oxaliplatin is the most common
drug that can cause PN [6]. Other causes of peripheral neuropa-
thy include advanced HIV, autoimmune diseases, congenital
disorders, tumors, and metabolic diseases [7].

The clinical manifestations of PN depend on the site of in-
volvement. Patients can experience sensory, motor, and auto-
nomic dysfunction. However, the most common and important
manifestations are paresthesia, hyperesthesia, and a sense of
burning or itching in the absence of stimulants due to sensory
neuronal system dysfunction. The lack of coordination and fall-
ing, bladder and bowel dysfunction, muscle weakness, and pa-
ralysis can also occur following motor and autonomic dysfunc-
tion [8,9]. Patients who develop CIPN experience more severe
symptoms, involvement of feet and hand at the same time, and
more rapid progression, compared to patients with diabetic
neuropathy [9].

Despite the troublesome nature of PN and the possibility of
irreversible complications, there is still no approved strategy for
the treatment of PN [7,10]. In patients who develop diabetic
neuropathy, alongside glycemic control, there are some medi-
cations that can be used as a supportive treatment for the relief
of neuropathic pain and paraesthesia. Anti-epileptic drugs and
anti-depressants are two groups of drugs that have been ex-
tensively used for the symptomatic treatment of diabetic neu-
ropathy [11]. Gabapentine has been used for the treatment of
chronic pain and peripheral neuropathy for decades. Duloxetine
with the daily dosage of 60 mg has also proven to be as effec-
tive as Gabapentine in controlling the symptoms of PN, with
fewer adverse effects [12,13]. Other drugs such as Pregabalin,
Lamotrigine, Oxcarbazepine, Lacosamide, Sodium valproate, Tri
Cyclic Antidepressants (TCAs), Serotonin And Nor Epinephrine
Reuptake Inhibitors (SNRIs), Mexilletine, Opioids, and Tramadol
also have been used in clinical trials for symptomatic treatment
of diabetic neuropathy, but their effectiveness is not clearly
proven [8,14-17]. Recent studies have shown that Pioglitazone
can have beneficial effects in not only the prevention but also
the reduction of progression of diabetic neuropathy, regarding
to its anti-inflammatory effects [18-20]. Some etiology-based
pharmacological treatment such as Epalrestat and Poly unsatu-
rated fatty acid derivatives are still under study for the effective-
ness on PN and safety [21-25]. For CIPN, Drugs like Fulvestrant,
Minoxidil and Pirenzepin have reported to be neuroprotective
[26]. Of note, TCAs and Gabapentin showed no beneficial ef-

fects in the treatment of CIPN [27].

Metformin is an anti-hyperglycemic agent which is widely
used for the treatment of type 2 DM. In addition to its blood
sugar-lowering effect, many studies have suggested that Met-
formin has beneficial effect in the suppression of inflammation
by many mechanisms which are discussed later in this paper
[28-32]. Regarding the anti-oxidant and anti-inflammatory ac-
tivity of Metformin, several studies have been conducted on the
effectiveness of metformin the prevention or controlling symp-
toms of peripheral neuropathy.

The aim of this article is to review the potential effect of Met-
formin as an adjuvant for the treatment of PN with a focus on
diabetic neuropathy and CIPN.

Method

In this paper, the researcher has conducted a search on
PubMed and Scopus, and Web of Science for original articles
and reviews published from 1993 until 2022, with the follow-
ing keywords; Peripheral Neuropathy, Diabetic Neuropathy,
Metformin and Post-Chemotherapy complications. There is no
limitation of time and language for identification of studies. We
evaluate both preclinical and clinical studies in this manuscript.

Results

A total of 79 articles were found using the keywords. Among
them, twenty articles were pre-clinical studies including studies
that investigated the relationship between the mechanism of
developing peripheral neuropathy and Metformin’s mechanism
of action; and twelve animal studies that evaluate the effect of
Metformin symptoms relief or prevention of PN. Only three of
animal studies evaluated the effect of Metformin CIPN and oth-
ers evaluated the effect of Metformin diabetic neuropathy. Only
five articles were clinical studies, including two case study, and
three comparative study that have investigated the difference
in the incidence of developing PN in patients receiving Metfor-
min and other patients. Only one clinical study evaluated the
effect of Metformin on CIPN.

In animal studies Metformin was used with the dose of 100-
500 mg/kg/d intra-peritoneal. Low dose Metformin (30 mg/kg)
also used in two animal studies. The dose of Metformin these
clinical studies varies between <1000 mg/d to more than 2000
mg/d. A summary of these findings is listed in Table 1.

Discussion

To date, many drugs have been used for the treatment of PN
of all causes. Among them, Duloxetine and Gabapentin seemed
to be effective in controlling the symptoms of Diabetic Neurop-
athy but not CIPN. The beneficial effect of other drugs such as
TCAs, SNRIs, Opioids and Tramadol is not yet proven. Regard-
ing the anti-oxidant and anti-inflammatory activity of Metfor-
min, several studies have been conducted on the effectiveness
of metformin in the prevention or controlling symptoms of PN.
In the following, we have reviewed the pre-clinical and clinical
studies that investigated the effect of Metformin in the treat-
ment of PN.

Pre-clinical studies on the treatment of PN

Many therapeutic strategies have been evaluated for the
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(Table 1: Studies that have evaluated the effect of Metformin on PN.

Sample .
Authors Year.of Study Metformin size Duration of
publica- PN type . treatment Results
X type dosing (each
tion (days)
group)
Metformin protects against pain and loss of tactile
function in a mouse model of CIPN. The finding that
1 Mao-Ying 2014 Animal CIPN 200 mg/kg 27 14 met form in reduces loss of peripheral nerve endings
QL et al study (Cisplatin) /di.p. indicates that the mechanism underlying the benefi-
cial effects of met form in includes a neuroprotective
activity.
Metformin protected from the peripheral sensory
. . neuropathy induced by Oxaliplatin, which was con-
2 Pereira 2019 Animal Cl.PN . 250 mg/Kg, 40 30 firmed by the reduction of c-Fos and ATF3 expression,
etal study (Oxaliplatin) i.p. -
two known neuronal activation and damage markers,
respectively.
NW. Marti- Animal CIPN 250 mg/Ke, The concomitant uselof Me.tformln .Wlth Oxa!lplatm
3 nez et al 2020 stud (Oxaliplatin) i 45 30 prevented degeneration of intra-epidermal fibers,
' v P P gliosis, and the altered sensitivity.
Treatment with Sitagliptin combined with Metformin
. . . causes an increase in grip strength and pain sensitiv-
4 Sf;r;Ta 2012 'L\Srt]:]nd]al n:t.:?:e:tim 120 mg/kg 36 35 ity, exhibits neural protection, and reverses the
Y pathy alteration of biochemical parameters in rats with type
2 diabetes.
Animal Diabetic 30 mg/kg 60 (12 Metformin is able to attenuate diabetes-induced
5 Ma et al 2015 stud neuropath 200 mg/kg | ineach 7 hyperalgesia and allodynia, which might be associated
v Pathy | 509 mg/kg | group) its anti-oxidative effect through AMPK pathway.
The activation of AMPK by metformin significantly
Hasanvand Animal Diabetic increased the MNCV and reduced the levels of inflam-
6 ot al 2016 stud neuropath 300 mg/kg 18 45 matory cytokines. Administration of metformin in-
v pathy creased the expression of p-AMPK as well as declined
in the level of non-p-AMPK
Metformin can significantly reduce neuro-inflamma-
o ) ) . 100 mg/kg . ) .
Oliveria Animal Diabetic tion and can decrease the loss of neurons in the hip-
7 2016 And 200 20 21 ) L )
etal study neuropathy me/k pocampus of diabetic animals, which can subsequent-
/%8 ly promote improvements in spatial memory.
Animal Diabetic The analgesic effect of Metformin against PDN is re-
8 Linetal 2018 200 mg/kg 20 28 lated to its inhibition of numerical increase of synaptic
study neuropathy ) .
number in the rat spinal dorsal horn.
Metformin prevented atrophy of myelinated axons,
and reduced expression of inflammatory mediators
9 | L6sD. etal. 2019 Animal Diabetic 100 and 0 63 (|!1tt.erleu‘k|n—1[3, mduc@le nitric oxide synthase and
study neuropathy | 200 mg/kg nitric oxide). Metformin treatment, especially at the
dose of 200 mg, protected the nerve from damages
related to chronic hyperglycemia.
. Animal Diabetic 100 mg/ %0 Metformin ha‘s beneﬁu'al pharmacologlca! ef‘fegts on
10 Kim et al 2020 stud neuropath ke/d 40 the preservation of peripheral nerves in diabetic rats
y pathy g and its effects are comparable to those of ALA.
Metformin alleviates diabetic mechanical allodynia via
activation of AMPK signaling pathway in L4-6 DRGs of
Animal Diabetic diabetic rats, which might be mediated by the down
1 Caoetal 2021 study neuropathy regulation of NF-k B, and this providing certain basis
for Met form in to become a potential drug in the
clinical treatment of diabetic neuropathic pain.
Metformin is able to accelerate sciatic nerve repair
. . . after transection injury under diabetic conditions,
12 Ma et al 2022 /-\;;:Jn;al neDule:ge:t? 10k0 ;;g/ 40 30 showing the therapeutic potential of metformin in
v pathy & the management of nerve injuries during diabetes
mellitus.
13 Bell D. 2010 Case Diabetic 1000 mg BD 1 %0 Metformin-induced vitamin B12 deficiency causing
report neuropathy neuropathy.
At the end of the 12th cycle, there were less patients
El-fatatr CIPN 12 cycles of | with grade 2 and 3 neuropathy in metformin arm as
14 v 2018 RCT s 500 mg TDS 55 chemo- compared to control arm. the mean pain score in
etal. Oxaliplatin X L
therapy metformin arm was significantly lower than those of
control arm.
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There was significant negative correlation between
Faroo Diabetic cumulative metformin dose and vitamin B12 level
15 ot alq 2022 RCT neuropath 500 mg TDS Metformin use is associated with vitamin B12 de-
pathy ficiency and clinical neuropathy in Type 2 diabetes
patients.
Hashem M Diabetic ;17(?30 Diabetics treated with metformin for prolonged dura-
16 2021 RCT g 150 180 tion and higher doses were associated with lower
etal neuropathy >2000 R
cobalamin and more severe DPN.
mg/d
Mean . . .
Case Diabetic cumulative Metformin exposure may be an iatrogenic cause for
17 Wile et al 2009 3 >180 exacerbation of peripheral neuropathy in patients
study neuropathy exposure . .
33858 with type 2 diabetes.

treatment of PN based on its mechanism of developing. Among
them, Metformin has a particular place due to its anti-inflam-
matory effects along with its proven hypoglycemic effects.

Kim et al mentioned that Metformin can play a beneficial role
in the prevention of diabetic neuropathy, they also suggested
that the effect is comparable to Alpha lipoic acid. Furthermore,
Metformin can reduce Reactive Oxygen Species (ROS), Nitric
Oxide (NO), and other oxidative stress markers which express
due to hyperglycemia, or the administration of chemothera-
peutic agents [33].

Studies have shown the anti-inflammatory effect of Met-
formin in neurons by activating AMPK signaling pathway and
inhibition of m TORC1 pathway. They also reported that Metfor-
min can reduce the expression of inflammatory mediators such
as TNF-alpha, Interleukin 10 (IL-10) and IL-6 [34-41]. Ma et al
reported that Metformin can reduce the symptoms of diabetic
neuropathy such as allodynia and hyperalgesia in Streptozocin
(STZ) induced diabetic rats [42]. Further studies have suggested
that higher doses of Metformin have efficiently reduced the in-
flammatory cytokines expression and accelerate the nerve re-
pair in STZ-induced diabetic rats [43,44]. Sharma et al reported
that Metformin can relief diabetic neuropathy symptoms, ex-
hibit neuroprotective effects and reduce inflammatory factors
when used in combination with Sitagliptin in STZ/nicotinamide-
induced diabetic rats [45].

Studies have mentioned that addition of Metformin to Oxali-
platin can prevented CIPN [46,47]. Mao et al confirmed the re-
sult of previous studies and mentioned that Metformin has pro-
tective effect against Paclitaxel and Cisplatin induced PN [48].

Clinical studies on the treatment of PN

There are limited clinical studies on the treatment of all-
cause PN. In diabetic patients, glycemic control with BS lower-
ing agents such as Metformin is the best known strategy for the
prevention of developing PN [11]. However, the outcomes of
studies, using Metformin as symptomatic treatment of diabetic
neuropathy, is not consistent with pre-clinical studies. Many
studies have mentioned that vitamin B12 deficiency caused by
Metformin use in diabetic patients can cause and even worsen
diabetic neuropathy and should be carefully noticed in diabetic
population [49-54].

Hashem et al mentioned that using Metformin could worsen
diabetic neuropathy in patients with type 2 DM [52]. Luo et al
also mentioned that Metformin administration in type 2 DM pa-
tients was associated with higher incidence of developing dia-
betic PN. They named prolong use, higher cumulative dose of
Metformin and male sex as the major risk factors for developing
PN [53].

El-fatatry et al mentioned that Metformin has neuroprotec-
tive effects in Oxaliplatin recipients [55].

Mechanisms of peripheral neuropathy development

Oxidative stress and inflammation are the cornerstone of
developing PN, especially in diabetic patients [8,15,56,57]. Pro-
longed hyperglycemia causes the activation of inflammatory
cascades and an increase in the level of inflammatory cytokines
as well as higher formation of oxidative metabolic end-products
which can cause direct neuronal injury and hypoxic damage due
to vascular injury [57]. In addition to inflammatory cytokines,
recent studies have mentioned that the increase or depletion
of some cellular factors which are released from other tissues
such as muscle and skin also play a role in diabetic neuropathy,
that neurotrophine is a good example of them [58-61]. Another
mechanism for developing diabetic neuropathy is the produc-
tion of chimeric cells from bone marrow of diabetic patients
which can cause neuronal injury [6]. Involved molecular and
cellular pathways are listed in Table 2.

The mechanism of developing CIPN depends on the che-
motherapeutic regimen, but it is mainly similar to the diabetic
neuropathy, including oxidative stress and inflammatory cas-
cade activation in the nerve tissues [9,26,63]. Platinium-based
drugs such as cisplatin can cause alteration in neuronal excita-
tion via releasing ROS, resulting in calcium hemostasis dysregu-
lation, apoptotic changes in neurons and axonal degeneration.
Cisplatin can also cause neuro-inflammation by stimulating im-
mune system and hyper excitability of peripheral neurons [64].
Furthermore, Platinium metabolites and byproducts such as
oxalate can accumulate in neurons and initiate neurotoxicity
[65-67]. Pro- inflammatory cytokines such as TNF a, IL 1b and
IL-6 also play a vital role in the development of CIPN. Inflam-
mation can change ion channels activity, sensitize nociceptors
and result in the development of neuronal damage [68,69]. In
addition to named mechanisms, Thalidomide can cause neuro-
toxicity via its anti-angiogenesis effect, resulting in nerve tissue
hypoxia and ischemia [70,71]. The mechanism of developing
CIPN by Paclitaxel is the same as Cisplatin, by addition of the
direct neurotoxic effects of that on axons and peripheral nerve
damage [9,72,73]. Older ages, other comorbidities such as dia-
betes and lower levels of vitamin D is known risk factors for de-
veloping CIPN [9,74].

Possible resolutions for the treatment of PN

In this study, the researcher has explored studies that have
been published since 1993 to 2022, to demonstrate the thera-
peutic options for the treatment of PN. In patients with diabetic
neuropathy, glycemic control is the mainstay of the treatment
of PN. Some drugs such as Duloxetine and Pregabalin, also have
a place in relieving symptoms [8]. Metformin is one of the most
convenient anti-hyperglycemic agents worldwide. In addition
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K Table 2: Cellular mechanisms of the development of diabetic neuropathy. \
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Figure 1:Possible mechanism of metformin on peripheral neuropa-

\\thy. j
to its beneficial effect in reducing BS and suppressing almost
all cellular pathways that are involved in the development of
diabetic neuropathy, studies have shown that Metformin can be
effective in reducing symptoms of neuropathy in both diabetic
neuropathy and CIPN due to its direct anti-inflammatory effects
[33,46-48,75]. Metformin plays its neuroprotective role by re-
ducing | NOS pathway activity, reduction of pro-inflammatory
cytokines such as TNF, IL6, IL10, and m TOR inhibitory effect
[34,35,37,38,40,41]. Figure 1 shows the mechanisms that Met-
formin can affect diabetic neuropathy and CIPN.

However, there are concerns about using Metformin as an
adjuvant for the treatment of PN. To date, many clinical studies
suggested that long-term use of Metformin, especially over 5
years and higher cumulative dose of Metformin is associated
with vitamin B12 deficiency, which can cause progression of
central and peripheral neuropathy [49-54]. Contrary to initial
disappointing results, Russo et al mentioned that in type 2 DM
patients who received Metformin for at least 6 months, vitamin
B12 deficiency was just mild and didn’t have a relationship with
developing diabetic neuropathy [76]. Fakkar et al confirmed the
previous study and mentioned that despite the lower levels of
vit B12 in Metformin recipients, it is not associated with higher
incidence of developing PN [77]. The last systematic review
published in could not analyze the effect of Metformin on PN in
diabetic patients due to the lack of data [78].

Pathway/ Response Activity Result Drug available
Aldose reductase pathwa Increased Polyol flux Epalrestat
P v Increased Reactive Oxygen Species (ROS) P
Increased ROS
Advanced Glycation End-Products Increased iNOS activity in neurons and vessels
(AGE)/receptor for AGE (RAGE) Increased | Reduced myelinated nerve fiber density induction of apoptosis Aminoguanidine
reactions Release of Tumor Necrosis Factor (TNF)-a activate transcrip-
tion of Nuclear Factor-Kb (NF-kB)
Induction of apoptosis
Oxidative stress Increased Impaired neurotrophic support a-lipoic acid
Poly ADP-Ribose Polymerase (PARP) activation
PKC activation Reduce Increase of PKC- ”.1 vessels No drug is available
Decrease of PKC-a in neurons
Pro-inflammatory Processes Increased TNF-a N-acetylcysteine
Increase Increased ILs
Increase in cyclooxygenase (COX)-2 Pioglitazone
Activated protein (MAP)-kinase NF-k B is activated 8
Cellular and Trophic Factors Reduce Increased apoptosis No drug is available
Limitations

Lack of a large clinical trial to evaluate the effectiveness of
Metformin in controlling the symptoms of all cause peripheral
neuropathy is by far the most significant limitation of this study.

Conclusion

This review is aimed to evaluate the effect of Metformin on
the treatment of diabetic neuropathy and chemotherapy-in-
duced neuropathy. In-Vitro and animal studies have shown ben-
eficial effects of Metformin in controlling the development and
progression of diabetic neuropathy and chemotherapy induced
neuropathy. However, clinical results of using Metformin alone
or as an adjuvant to other drugs for symptomatic treatment of
diabetic neuropathy is conflicting. Further clinical studies are
required indeed to make a strong decision about the effective-
ness of Metformin in the treatment of all cause peripheral neu-
ropathy.
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