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Abstract: Nephropathy, retinopathy cardiomyopathy and peripheral neuropathy are all 

recognized as important complications in about 50% of diabetes mellitus (DM) patients, 

mostly related to a poor glycemic control or to an improper management of this pathology. 

In any case, amongst others, diabetic peripheral neuropathy (DPN) seems the leading and 

most painful complication usually affecting many DM patients. For this reason, this work 

was conceived to review the large variety of strategies adopted for management of DPN, 

starting from the most conventional therapies to arrive at alternative approaches. From this 

perspective, both the most popular pharmacological treatments used to respond to the 

poorly effect of common analgesics—non-steroidal anti-inflammatory drugs (NSAIDS) 

and opioids—understood as gabapentin vs. pregabalin clinical use, and the guidelines 

provided by Oriental Medicine as well as by a long list of natural compounds that many 

authors identify as possible therapeutic or alternative agents to replace or to combine with 

the existing therapies will be included. Moreover, in the effort to provide the widest panel 

of remedies, the most antique techniques of acupuncture and electrostimulation will be 

considered as alternative, which are useful approaches to take into account in any  

non-pharmacological strategy for DPN management.  

Keywords: diabetes; diabetic peripheral neuropathy; neuropathic pain; complementary and 

alternative medicine; phenolic compounds; cannabinoids; alkaloids 
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1. Introduction  

Today, among metabolic disorders, diabetes can be considered the most common, increasing, 

serious and costly public health problem in the World [1,2], both for the disease per se and for its 

severe secondary complications. Among them, microangiopathies leading to nephropathies, optic nerve 

damage associated to retinopathies and diabetic peripheral neuropathy (DPN) associated to pain [2], 

tingling, or numbness, loss of feeling in the hands, arms, feet and legs can occur primarily due to 

uncontrolled diabetes levels [3]. Moreover, in the most troubling cases this can result in more severe 

macroangiopathies and outcomes such as stroke and ictus [4].  

With particular regard to the secondary neurologic damage caused by the disease, the efforts of 

these authors will be aimed at addressing the increasingly serious problem of DPN. Patients with 

symptomatic DPN usually can display spontaneous positive (paresthesia described as prickling, 

tingling, “pins and needles” burning, crawling, itching, abnormal sensation to temperature, pain), or 

negative (numbness, injury insensitivity) sensory symptoms in the toes. With time, such sensations 

may advance up the foot and leg and involve the fingers and hands. Neuropathic pain is a prominent 

early feature of DPN and can be severe, despite minimal signs of DPN. Patients describe their feet as 

“tight,” having painful prickling, burning, electrical, sharp, or jabbing sensations [5]. 

From this perspective, this review was designed to delineate a general overview of the topic 

referring to the conventional therapies in use but, first and foremost, possible unconventional, natural 

and safe treatments. Some studies report how the trend today is increasingly directed to self-care 

measures, adopting complementary and alternative medicine (CAM), which seem to yield better 

results in terms of quality of life [6]. CAM practices and self-care encompasses health-protective 

behaviours, utilisation of preventive medical services, symptom evaluation, various self-treatment 

practices, and interaction with the informal medical care sector [7]. 

Emerging evidence show that physicians do not always know much about CAM treatments which 

are prescribed more for their safety than for their effectiveness [7,8]. No doubt an informational 

campaign would serve to wider dissemination and could initiate a cultural revolution in the medical field. 

For this reason, the most common practises applied in oriental therapies as well as compounds more 

or less believed active into counteract the development of the pathology will be here reviewed. Many 

of these include suggestions still on an experimental basis, but that hint at the possibility of drawing 

from natural sources for the retrieval of active principles that could be forward-looking in the  

clinical practice. 

2. Diabetes Mellitus in Numbers 

Statistical numbers related to diabetes mellitus are not negligible. According to data updated to 

March 2013 provided by the World Health Organization, there has been an increased incidence of 

diabetes cases from 1980, when 153 million patients were recorded, to 2008, in which 347 million 

people worldwide have diabetes mellitus (DM). Moreover, it is believe that this amount will rise to 

380 million in 2025, representing 7.1% of the world’s adult population [9]. This means that diabetes is 

a major health problem afflicting millions of people across high-, middle- and low income countries [10]. 

A total of 57 million deaths occurred in the World during 2008, of which 36 million (63%) were 

due to non-communicable diseases (NCDs, comprising mainly cardiovascular diseases, cancers, 
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diabetes and chronic lung diseases). Among these, diabetes alone caused 1.3 million deaths [11], 

therefore we can define it as a global health problem. Today, over 90% of diabetic patients are 

diagnosed with type 2 diabetes mellitus (T2DM) [12], with an increased incidence in recent years 

probably due to an increased prevalence of its main risk factors (obesity and sedentary life) as well as 

to a declining mortality likely explained by the improvements in treatment [13]. Moreover, an 

improved survival of these patients is accompanied by the typical complications of chronic diabetes, 

the most relevant of which, grouped with retinopathy and nephropathy [14], can be considered the 

onset of DPN, that affects dramatically from 8.3% for patients with newly diagnosed T2DM to up to 

50% in patients who have had diabetes for 25 years [15]. National health systems and patients have to 

support a huge economic health care burden—in the USA the estimated cost of diabetes just in 2007, 

was approximately 174 billion of dollars for 17.5 million adults with diabetes [12]. In a report of the 

Italian agency of the drug (Agenzia Italiana del FArmaco, AIFA) about medications prescribed for 

diabetes treatment in the period 2002–2011, yearly prescription averages have increased by 

approximately +1.9%. Noteworthy, an increase of 14.3% in the prescription of the biguanide 

metformin, a first line treatment in the T2DM management [16] was recorded, confirming the positive 

spread of its use as a drug of first choice. 

3. Neuropathic Pain in DPN and Other Pathologies 

This section has not been designed to be an exhaustive review about neuropathic pain, but just an 

illustrative compendium to give the idea how, commonly, pain and in particular, neuropathic pain can 

link together some diseases with different etiology, in particular neurological/neurodegenerative 

disease with DPN that born as secondary complication of DM, metabolic disease [17] (Table 1).  

Notably, pain is one of the first typical manifestations of ongoing inflammation [18]. Other possible 

causes of nociceptive pain include: traumatic events, burns, post-operative pain or disease-related pain. 

Moreover, in terms of duration, it can be classified as acute or chronic; under the profile of its 

localization it can be local or diffuse; somatic, visceral or mixed whether we consider the anatomical 

origin of pain stimulus. More specifically, a clear summary of the concept of “pain” can be given as 

follow: (A) nociceptive pain: a protective sensation associated with the detection of potentially tissue-

damaging noxious stimuli; (B) inflammatory pain: a consequence of the tissue damage and of the 

infiltrating immune cells (it lasts as long as the cause remains); (C) pathological pain: as sanctioned by 

the International Association for the Study of Pain (IASP) it is a damage to the peripheral or central 

nervous system (neuropathic) [19,20] or an abnormal function (dysfunctional) [21] due to input and 

output wrong signals culminating in a uncontrolled and often unconditional sensation of pain [22]. 

Under normal circumstances, pain is an intense and unpleasant sensation but the capacity to 

experience this sensation is fundamental to the preservation of bodily integrity [23]. Pain is the reason 

for 40% of patient visits in a primary care setting, and about 20% of these have had pain for longer 

than 6 months [24]. Focusing on chronic pain, and in particular, talking about NP, it can broadly to be 

defined as a condition resulting by a neurological secondary event, following to a main pathology. It 

can develops in many different ways, timing and severity and the precipitating cause is not always easy 

to identify [25]. Moreover, it is difficult to treat because of its severity, chronicity and resistance to 

simple analgesics [26]. NP is a common condition found in many pathologies, characterized by 
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peripheral nerve fibers that, for different reasons (mainly demyelination), transmit incorrect signals to 

the brain regarding peripheral pain centres, causing neurological dysfunction painful sensations in the 

absence of actual harm, or affecting the surrounding areas to the actual presence of a disorder, which 

then become highly sensitive to pain. 

Table 1. Comparative therapies to treat NP associated to DPN as well as to 

neurodegenerative diseases.  

Disease Pain Main symptoms Therapies 
DPN Frequently, patients with DPN live 

together with painful sensations such as, 
allodynia, (pain due to a stimulus that 
does not normally provoke pain) or 
hyperalgesia, which is an increased 
response to a stimulus that is not 
normally painful [27]. 

Neuropathic pain
paresthesia 
tingling, or numbness,  
loss of feeling in the hands, 
arms, feet and legs. 

Gabapentin 
Pregabalin 

MS MS is a disease related to nervous 
system lesions, frequently leading to 
pain symptoms, that in turn, could be 
responsible of psychological 
complication [28]. 

Neuropathic pain as 
secondary ailment to 
demyelination, 
neuroinflammation and 
axonal damage in the central 
nervous system. 
Lhermitte’s sign 
Trigeminal neuralgia 
spasticity-related  
pain [29–31]. 

Sativex®  
oromucosal spray [31]:  
9--tetrahydrocannabinol/ 
cannabidiol (1:1) 
Lyrica®  
Dronabinol [32]: 
Bedrocan—Cannabis Flos 19%,  
Bedrobidiol—Cannabis Flos 

12%  
Bediol—Cannabis Flos 6%  
Peripheral antiepilettic drug [33] 
(Oxcarbazepin)  

GBS Pain syndromes of GBS has been 
reported in up to 89% of patients of both 
neuropathic as well as nociceptive 
origin. Preclinical data suggest an 
immune pathogenesis of neuropathic 
pain. 

Paresthesia/neuropathic 
pain, particularly in the 
acute phase [34,35]. 

Corticosteroid [36] 
Gabapentin [34] 
Carbamezapine [37] 

PD Pain is a non-motor symptom of 
Parkinson’s disease: 70%–80% of 
patients with Parkinson’s disease (PD) 
suffer from painful sensations mainly 
neuropathic, followed by nociceptive. 
There is a higher prevalence of 
peripheral neuropathy in PD compared 
with controls, sometimes associated 
with low vitamin B12 levels, elevated 
methylmalonic acid levels and 
cumulative levodopa  
exposure [38]. 

The most common clinical 
types of pain experienced by 
the patients were: 
dystonic pain (48%), 
 paresthesia/neuropathic  
pain (36%)  
musculoskeletal pain (28%). 
The PD patients described 
their physical experience of 
pain as:  
aching (46%),  
a feeling of tension (18%),  
sharp pain (12%),  
deep pain (12%), 
dull pain (11%) [39,40]. 

Common therapy for  
neuropathic pain [41]: 
1. tricyclic antidepressants, 
2. serotonin-noradrenaline 
reuptake inhibitors(SNRIS) 
3. topical lidocaine, 
4. calcium channel α–2δ ligands 
(gabapentin and pregabalin), 
5. opioid analgesics [42]. 

Almost one-third of patients with diabetes mellitus have been diagnosed with NP [43], in particular, 

polyneuropathy, (or diabetic peripheral neuropathy, DPN), a common and debilitating complication of 
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diabetes, in 16%–26% of diabetic patients characterized by pain in the feet as sharp, stabbing, or 

burning [44]. Thus, sharing some feature of inflammation, in agreement with Votrubec’s description, 

NP could be defined as cold or electric shocks and may be associated with tingling, pins and needles, 

numbness or itching [25]. In particular, it is a direct consequence of a macro- or microscopically 

identifiable lesion, or an identifiable disease process affecting the somatosensory system [21]. This 

classification of pain shows clinical signs of spontaneous pain, parasthesia, and mechanical and 

thermal hyperalgesia or allodynia [45], a sensation of pain in response to normally nonpainful stimuli [44]. 

Moreover, although DM is classified mainly as a metabolic disorder, NP can be considered a 

common feature with other NCDs, particularly with neurodegenerative pathologies. 

Neurodegenerative disorders such as Multiple Sclerosis (MS), Guillain Barrè Syndrome (GBS) and 

Parkinson’s Disease (PD), which are increasingly recognized as the major cause of reduced health-

related quality of life [46], often lead to pain and, in particular, to NP through the triggering of a 

neuroinflammatory mechanism that involves the activation of glial cells, constituting 70% of the total 

cell population in the brain and spinal cord. [47,48]. Sometimes, the onset of neuropathy can be related 

to adverse effect due to the pharmacological treatment of the neurodegenerative disease. As in the case 

of PD patients treated with levodopa, it was shown that they have a high prevalence of NP. In fact, 

levodopa exposure is associated with fasting methylmalonic acid (MMA) level elevations, which have 

been related with sensorimotor neuropathy [49].  

4. Conventional Treatments of DPN Associated to DM: Gabapentin vs. Pregabalin 

Monitoring the status of the glycemic levels of diabetes both in patients with Type 1 and Type 2 

diabetes is the first step to prevent most of diabetic complications [50], including DPN. Commonly, 

one of the most important and severe complications of diabetes mellitus is diabetic peripheral 

neuropathy [51,52], but an adequate treatment of this secondary pathology has not yet been  

discovered. Generally, to alleviate pain linked to DPN, the commonly known analgesic drugs, such as 

non-steroidal anti-inflammatory drugs (NSAIDs) and opiates, represent elective treatments. In the 

management of DPN, tramadol is often recommended as a second-line analgesic. Chemically, 

tramadol isn’t a natural molecule but rather a semisynthetic opium-derived compound, made up of a 

racemic mixture of (+) and (−) enantiomers with different affinity for µ and δ opioid receptors and 

different effects on the re-uptake of serotonin and norepinephrine [53,54]. 

A streptozotocin (STZ)-induced diabetic model in rats was performed to assess the antinociceptive 

effects of the combined administration of tramadol and paracetamol [55]. However, its clinical use is 

not recommended due to the possible occurrence of epileptic seizures and psychiatric disorders also 

with low doses. Likewise, also a prolonged use of other analgesic—in particular opium-derived—has 

revealed relevant physical and psychological adverse secondary side effects (e.g., gastrointestinal side 

effects, osteoporosis, depression, impaired cognition and a generally poor quality of life) [56]. 

Moreover, often these compounds have proved to be poorly effective for treating DPN, so that the 

most efficacy therapies have been obtained through the use of drugs born to treat other diseases or 

complications, such as anti-epileptics [50,56]. 

Since NP is the most common and severe manifestation of DPN, common therapy is aimed to 

alleviate this symptom. Among the above cited therapeutic strategies, gabapentin is broadly given in 
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the UK not only to alleviate general NP, but also in easing symptoms associated with DPN [57]. Its 

patent has expired and a generic version is available. Gabapentin has replaced the use of 

carbamazepine in the treatment of patients with DPN, since it has demonstrated significant beneficial 

effects without the bone marrow suppression and osteoporosis, that previous conventional therapy 

showed [50]. 

According to the data released in July 2012 by Italian National Observatory on medicines and 

focused on the period January-December 2011, the prescription of gabapentin has been slowly and 

progressively substituted by the prescription of pregabalin (brand name: Lyrica®, distributed by  

Pfizer S.r.l.), the pharmacologically active S-enantiomer of racemic 3-isobutyl-γ-aminobutyric acid (a 

GABA analogue with structural similarity and actions similar to gabapentin) [58]. As of May 2005, 

pregabalin received regulatory approval in 40 countries, including Italy, for its efficacy in the 

management and treatment of NP associated with diabetic peripheral neuropathy, postherpetic 

neuralgia, as well as adjunctive therapy for adult patients with partial onset seizures [59,60]. 

Nevertheless, pregabalin did not demonstrate significant benefits in terms of efficacy or safety 

compared to gabapentin.  

Today, in Italy, NP accounted for 0.9% territorial spending with €116.6 million. In particular, the 

daily consumption of pregabalin is around 1.2 for each 1,000 people. Although pregabalin is an anti-

epileptic drug, it is used almost exclusively in the treatment of chronic NP with a steady increase in 

prescriptions that in the last year touched a value of +13.5% and a peak of increased spending of 

+13.8%, although from clinical trials, a limited clinical efficacy and however not greater than that of 

less expensive medications, such as gabapentin prescribed in much lower quantities (0.4 DDD/1000 

persons per day) appears (Table 2). 

Table 2. Prospective comparison between gabapentin vs. pregabalin prescription. 

 
Doses 

(mg/day) 
Defined Daily Dose 

(DDD/1000 People) # 

Δ Reduction of Pain 
Compared to Placebo  

(Likert Scale: 0–10 Points) * 

% of Increasing 
Spending Cost 
(Δ 2011–2010) # 

Gabapentin 900–3600  0.4 1.1 1.5 

Pregabalin 
150 
300 
600 

1.2 1.5 13.8 

* Compared efficacy of gabapentin vs. pregabalin in Italy—Data from CeVEAS (http://www.ceveas.it);  
# Data from AIFA: Osmed Observatory, Report 2011 [61].  

From the European Public Assessment Report (EPAR) for Lyrica® we know that the recommended 

starting dose of Lyrica® is 150 mg per day, divided into two or three doses. After three to seven days, 

the dose can be increased to 300 mg per day. Doses can be increased up to twice more until the most 

effective dose is reached. The maximum dose is 600 mg per day. Stopping treatment with Lyrica® 

should also be done gradually, over at least a week. 

5. Alternative Medicine in the Management of DPN 

Non-pharmacological approaches and non-conventional treatments into management of DPN 

patients: acupuncture, electrostimulation and Traditional Chinese Medicine (TCM). 
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Treatment of neuropathic symptoms (such as pain, paresthesia, numbness) is, to date, a serious 

problem, particularly due to therapies aimed to treat the pathogenesis of DPN as well as to prevent and 

treat nerve damage [62] but, unfortunately, with severe side effects. A different way to cure patients 

with diabetic polyneuropathy symptoms consists in alternative and complementary therapies, that, 

especially in Europe and the Far East, are more and more accepted as mainstream care [62], used alone or 

in association with standard pharmacological therapies. These modalities often include a variety of 

interventions such as use of magnet therapy, laser therapy and more than others, acupuncture [63,64]. This 

therapy is used to relieve pain, improve well being, and treat acute, chronic, and degenerative 

conditions in children and adults. In Asian medicine, acupuncture needles are inserted at specific 

points to stimulate, disperse, and regulate the flow of chi, or vital energy, and restore a healthy energy 

balance. Acupuncture offers clear clinical advantages in the reduction of symptoms related to nervous 

disorders. To cite only a few examples, it was reported [64] that a series of six acupuncture sessions 

associated with ongoing nefazodone therapy showed increased benefit in two of the total three patients. 

Likewise, n = 63 DPN patients were invited to participate to another study and subjected (n = 42) or 

not (21) to acupuncture, performed according to the rules of Chinese medicine, including diagnostic 

palpation to identify sensitive spots. At the end of clinical trial, acupuncture treatment improved DPN 

symptoms, suggesting that it may accelerate the nerve regenerative process [64].  

Electrostimulation could also be considered an alternative and non-pharmacological approach to 

management of DPN [65]. Several studies have demonstrated that electrotherapy may also help in 

chronic painful peripheral neuropathy associated with diabetes [66,67]. Treatment of pain by 

electricity application treatment dates back to thousands of years BC: In Egypt and, later, in Greece 

and in ancient Rome, there was the observation that electric shocks generated by fishes could  

relieve pain [66].  

Kumar and colleagues showed >50% of leg pain relief in 42 of the 52 patients with DPN 

undergoing spinal cord stimulation associated with a better quality of life and functional capacity [68]. 

Already in 1998, Kumar had obtained preliminary evidence, performing a study on 31 patients with 

symptoms and signs of peripheral neuropathy. Patients were randomly divided in an unstimulated 

control group (n = 13 patients) and in a group (n = 18 patients) subjected to electrotherapy via 

transcutaneous electrostimulation. This cohort was treated at home for a total period of 4 weeks with  

4 ms pulse, >2 Hz 30 min/daily at the lower extremities [65]. Results demonstrated that in the 83% of 

electostimulated-patients (15/18) there was a reduction of pain and of the discomfort associated to 

peripheral neuropathy [65], without any side effects, concluding that further research should be done to 

investigate whether this kind of treatment could be designed to be given weekly until the patient 

becomes pain-free, and then once every month [65]. 

Another important aspect to treat is the role of natural compounds in oriental Chinese medicine as 

alternative treatments for DPN patients. Over the centuries, the importance of natural products for 

medicine and health has been enormous [69]. Today the research efforts are aimed to discover new 

potential drugs that avoid the always more and more frequent side effects, while guaranteeing a safety 

treatment. From this perspective, oriental—especially Chinese—medicine is a forerunner. In China, 

herbal medicines to treat DPN are used separately or in combination with conventional medicines [70]. 

Overall, this natural, alternative and complementary medicine consists of interventions administered 
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orally or topically, classified as self-prescribed herbal formulas, single use of herbs or patented 

Chinese herbal medicines [70]. 

In the theory of Chinese medicine, health is a state of balance between yang and yin, between Qi 

(life energy) and Xue (blood), and between the five elements of wood, fire, earth, metal, and water [71], 

so that from the nature come all a series of remedies well known as TCM. TCM hypothesizes in four 

bullet points the possible causes—etiology and pathogenesis—leading to the development of DPN [72]:  

1. Yin (black) or yang (white) deficiency. They are part of the eight principles of TCM (the other 

six are: Cold and heat, internal and external, deficiency and excess) and their unbalance 

generates an inner cold; 

2. Increased duration of disease in diabetes, alterations in the fluidity of the blood (viscosity) with 

consequent alterations in the blood circulation and afflux to organs and tissues (blood stasis, 

microvascular coagulation, blockage of sinews and channels);  

3. Obesity followed by spleen and stomach impairment;  

4. Tissue necrosis as well as muscles, sinew, and channels altered physiology, also due to 

deficiency of liver and kidney. 

In 2005, Feng et al. highlighted the beneficial properties of natural products. Traditional medicinal 

herbs classified as aldose reductase inhibitors seem to prevent and delay diabetic complications, such 

as diabetic nephropathy, vasculopathy, retinopathy, peripheral neuropathy [73]. In particular, among 

this class of compounds, great inhibitory capability was ascribed to flavonoids such as quercetin, 

silymarin, puerarin, baicalim and berberine [73].  

Moreover, as results from a Medline search of “medicinal herbs and diabetic peripheral 

neuropathy”, Pubmed lists sixteen articles, one of the most recent of which [74], interestingly, cites a 

list of herbs with pharmacological properties for DPN, that includes: Astragalus Radix (traditional 

Chinese name (TCN): Huang Qi), Angelicae Sinensis Radix (TCN: Danggui), Pheretima (TCN: 

Dilong), Chuanxiong Rhizoma (TCN: Chuanxiong), Codonopsis Radix (TCN: Danshen), Carthami 

Flos (TCN: honghua), Hirudo (TCN: shuizhi), Rehmanniae Radix (TCN: dihuang), Spatholobi Caulis 

(TCN: jixueteng), Paeoniae Radix Rubra (TCN: chishao), Cyathulae Radix (TCN: chuanniuxi), Asari 

Radix and Rhizoma (TCN: xixin), and Scolopendra (TCN: wugong). Pharmacological properties of 

these medical plants against DPN have been compared with vitamin B12 activity, that, when deficient, 

particularly in metformin-treated diabetes patients [70,75], has been linked with diabetic neuropathy 

and functional disabilities [76]. In particular, Astragalus Radix has been demonstrated to possess Qi-

tonifying properties [74,77,78]. In general the family of astragaloside herbs, that include for exemple 

Astragaloside IV (Radix Astragalus membranaceus Bunge), is reveled to be effective on DPN. 

Moreover, Chuan Xiong Rhizoma has proven to be a blood circulation-promoting drugs, while both 

Angelicae Sinensis Radix (Dang Gui) and Paeoniae Radix Rubra (Chi Shao) seem to have blood-

tonifying activity [74]. 

Another compound well known in TCM is guineensine, extracted from Piper longum, that seems to 

possess therapeutic effects against DPN [79]. 

Finally, also experimental studies corroborate the value of TCM. The most recent research of the 

year 2013 on Pubmed about “diabetic peripheral neuropathy and alternative medicine” lists six papers, 

the latest of which shows beneficial effect of Tang-Luo-Ning (TLN) against DPN in streptozotocin-
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induced diabetic rats [80]. TLN is an effective Chinese recipe in TCM for the treatment of DPN [17,18]. 

According to the theory of TCM, the TLN recipe mainly contains three different traditional Chinese 

herbs: Huang Qi, Chishao and Salvia miltiorrhiza Bge. (Danshen). The study highlights the great 

capability of TLN which offers a promising alternative medicine for the DPN patients to delay the 

progression of the disease.  

6. Phenolic Compounds 

Since diabetes has been known as an oxidative stress disorder caused by imbalance between free 

radical formation and the ability of the body’s natural antioxidants, many studies have suggested that 

oxidative stress can play a role in systemic inflammation, endothelial dysfunction, impaired secretion 

of pancreatic β-cells and impaired glucose utilization in peripheral tissues [2], that lead to long-term 

secondary complications. 

The current literature describes some beneficial effects against DPN, derived by the use of natural 

phenolic compounds. A large amount of vegetables and fruits contain phenolic acids, to which many 

physiological and pharmacological functions are assigned, since they could inhibit oxidative stress 

induced by free radicals and protect photooxidation [81]. In vitro and in vivo experiments have  

shown that phenolic acids exhibit powerful effects on biological responses by scavenging free  

radicals and eliciting antioxidant capacity. Additionally, phenolic acids were also found to exhibit  

anti-inflammatory, antiallergic, antimutation effects, and inhibit cardiovascular diseases. Moreover 

phenolic acids, such as chlorogenic acid, syringic acid and vanillic acid, have been suggested to 

possess cytoprotective ability in the prevention of diabetic neuropathy complication via a mechanism 

that goes against neuronal cell-cycle regulatory failure followed by apoptosis [82].  

Hydroxytyrosol, a polyphenolic olive-derived compound with several biological activities, in 

particular anti-oxidant properties demonstrated effects both in humans [83] and experimentally, where 

it was shown to counteract the secondary NP associated to streptozotocin-induced diabetes in rats [52].  

To find new alternative compounds to treat DPN is today a goal of primary importance. An ongoing 

study conducted at Rajiv Gandhi University of Health Sciences is aimed at testing the antioxidant 

properties against DPN of Terminalia bellirica Roxb, that was yet reported to have hypoglycaemic 

activity in rats [84]. This plant, the major ingredients of which are ellagic and gallic acids, is one of the 

oldest medicinal herbs of India and an ingredient of Indian Ayurvedic drug triphala, normally used for 

treatment of digestion and liver disorders [85].  

More and more examples are given from Nature, where antioxidant compounds seem to be a very 

good resource against DPN [86]. Methanol extract from Allium cepa, the common onion, has shown 

more significant improvement than Allium sativum, well known as garlic, in the treatment of diabetic 

neuropathy in mice, maybe due to its higher content of phenolic compounds [86].  

An animal study provides an exemple of the use of Momordica Charantia Linn. (Cucurbitaceae) 

fruit, one of the most famous traditional plants worldwide, also well known as bitter melon [87], tested 

in an experimental model of streptozotocin-induced diabetic neuropathy in rat. Summarizing the 

results of the study, in addition to the well-known antihyperglycemic and antioxidant properties 

associated with neuroprotective activity reported by other authors [87], a new capability to counteract 

DPN is ascribed to the extract derived from Momordica Charantia [88]. 
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7. Cannabinoids and Alkaloids 

Cannabinoids are a class of diverse chemical compounds that activate the surface cannabinoid 

receptors, currently classified under two subtypes, termed CB1 and CB2. The ligand-receptor interaction 

represses neurotransmitter release in the brain. In particular, agonists include the endocannabinoids 

(naturally produced in humans and animals), synthetic cannabinoids and phytocannabinoids. The most 

abundant cannabinoids, enclosed in the plant arising to this last group, is the phytocannabinoid  

∆9-tetrahydrocannabinol (THC), well known to be the primary psychoactive compound of the 

Cannabis sativa. Cannabidiol (CBD) is another major constituent of the plant, representing up to 40% 

in its extracts. 

Actually, the most famous compound belonging to this class is a pharmaceutical composition 

developed in Great Britain and that goes under the name of Sativex®. From the official GW 

Pharmaceutical (the company that, to date, holds the drug patent [89]), we can see that this spray 

preparation, a composition of Δ9-tetrahydrocannabinol/cannabidiol, is approved in the UK, Spain, 

Germany, Denmark, the Czech Republic, Sweden, New Zealand and Canada to treat mainly spasticity 

associated to MS [90], cancer pain [91] and NP of various origin, including DPN [92,93]. 

Probably its use in common clinical practice is limited by its psychotropic component that  

long-term could cause depression as a side effect [92]. However, patients with psychotic disorders, 

pregnant or breastfeeding woman should avoid the use of cannabinoids, despite the relatively low 

acute toxicity. Cannabis side-effects vary and depend on several variables (administrated dose, route of 

administration and the patient’s state of mind), but in any cases, cannabinoids prolong the times of 

reaction and decrease concentration. Moreover, after sudden break from long-lasting use, withdrawal 

symptoms can appear, although they entirely disappear after a week or two [94]. 

The alkaloid class encloses all natural compounds containing an amine group that confers basic 

properties to the molecule associated with pharmacologic effects. Among hundreds of compounds, to 

list just some famous examples of alkaloids, we can cite cocaine (from the leaves of the Erythroxylum 

coca plant), morphine (extracted by “poppy pods”- Papaver somniferum-), papaverine (an opium 

alkaloid antispasmodic drug analogue of morphine), serotonin (a monoamine neurotransmitter found in 

roots, leaves, fruits and seeds from at least 42 species [95], such as dates, papayas and bananas) as well 

as caffeine (a bitter, white crystalline xanthine alkaloid found in varying quantities in the seeds, leaves, 

and fruit of some plants such as coffee and tea bush, as well as from kola nut, yerba maté, guarana 

berries, guayusa, and the yaupon holly), theobromine (the main alkaloid present in Theobroma cacao) 

and capsaicin ((6E)-N-(4-Hydroxy-3-methoxybenzyl)-8-methyl-6-nonenamide, the active and primary 

pungent component of chili peppers - Capsicum annuum [96]). Capsaicinoids, resiniferanoids, 

unsaturated dialdehydes and triprenyl phenols represent the four known chemical classes of naturally 

occurring vanilloids [96]. In particular, some recent papers summarize the beneficial effects of topical 

application of a cream containing 8% capsaicin dispensed in patch form to treat peripheral NP [97,98]. 

Topical skin application of the cream causes enhanced sensitivity, followed by a period with reduced 

sensitivity and, after [92], persistent desensitisation, so that a single patch application of 30–90 min 

seems provide significant pain relief for up to 12 weeks in some people with chronic pain [97]. 

Unfortunately, there are unknown risks, especially on epidermal innervation, of repeated application 

for long periods and the high cost of this composition has slowed its spread. 
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8. Fatty Acids: Pharmacology and Evening Primrose Oil Importance 

Linoleic acid is the main dietary essential fatty acid (EFA). In 1950s, in a study performed on 

diabetic rats by Brenner and colleagues the activity of -6-desaturase, a key enzyme that converts 

linoleic acid (LA) to γ-linolenic acid (GLA, an essential component of myelin and neuronal cell 

membrane) was discovered and assessed. This is the first reaction that leads to the preferential 

formation in turn of prostaglandin E1 (PGE1with anti-inflammatory, antiplatelet, and vasodilating 

properties) or, according to a slower reaction, to arachidonic acid by-products such as prostaglandin E2 

(PGE2), leukotrienes and thromboxane, promoting inflammation, vasoconstriction and platelet 

aggregation [99,100]. Diabetic animals showed a greatly impaired activity of the enzyme, with the 

consequence that they require much more linoleic acid than normal animals [101]. Moreover, 

following this discovery, it was demonstrated that patients with type 1 and type 2 diabetes mellitus 

display a compromised Δ-6-desaturase activity [99], with decreased levels of PGE1 and increased 

levels of PGE2 and thromboxane [102]. Dietary supplementation with products rich in GLA, such as 

evening primrose oil, has been suggested since it increase the production of PGE1 [99]. 

Evening primrose oil, a rich source of Ω-6 essential fatty acids (primarily GLA and LA), is 

extracted from the seeds of Oenothera biennis. Commercial preparations of evening primrose oil are 

typically standardized to 8% GLA and 72% LA [99]. Particularly, a recent study on the use as 

antioxidant of a mixture of α-lipoic acid and evening primrose oil has evidenced an improvement in 

neuropathic pain through increased PGE1 synthesis [103]. 

Table 3. Summary of alternative approaches and treatment found to counteract DPN.  

Kind of Therapy/ 
Class of Compounds 

Genus/Species 
Subclass of Compound 

Acupuncture  

Electrotherapy  

Oriental Chinese Medicine 

Astragalus Radix 
Angelicae Sinensis Radix 
Pheretima 
Chuanxiong Rhizoma 
Codonopsis Radix 
Carthami Flos 
Hirudo 
Rehmanniae Radix 
Spatholobi Caulis 
Paeoniae Radix Rubra 
Cyathulae Radix 
Asari Radix and Rhizoma 
Scolopendra 
Astragaloside IV 
(Radix Astragalus membranaceus Bunge) 
Guineensine, extracted from Piper longum 
Tang-Luo-Ning mainly contains three different traditional Chinese herbs: Huang 
Qi, Chishao and Salvia miltiorrhiza Bge. (Danshen) 
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Table 3. Cont. 

Kind of Therapy/ 
Class of Compounds 

Genus/Species 
Subclass of Compound 

Phenolic Compounds 

Allium cepa and Allium sativum 

Momordica Charantia Linn 

Chlorogenic Acid 
Syringic Acid 
Vanillic Acid 
Ellagic and Gallic Acids 

Hydroxytyrosol (Terminalia bellirica Roxb) 

Cannabinoids Cannabis sativa 

Alkaloids 

Cocaine (from the leaves of the Erythroxylum coca plant) 

Morphine (extracted by “poppy pods”- Papaver somniferum-) 
Papaverine 
Serotonin (roots, leaves, fruits and seeds from at least 42 species, such as dates, 
papayas and bananas) 
Caffeine (seeds, leaves, and fruit of some plants such as coffee and tea bush, as 
well as from kola nut, yerba maté, guarana berries, guayusa, and the yaupon 
holly), 
Theobromine (the main alkaloid present in Theobroma cacao) 

Vanilloids Capsaicin (component of chili peppers—Capsicum annuum) 

Essential Fatty Acids Evening primrose oil, extracted from the seeds of Oenothera biennis 

9. Conclusions 

The scientific literature is rich in examples of experimental studies aimed at treating DPN. The 

large amount of examples shown in this paper and finally summarized in Table 3, demonstrates on the 

one hand that a unique treatment designed to counter DPN, has not been found to date, and on the 

other that in Nature there are different compounds with possible therapeutic action and that these could 

be a resource for the future treatment of diseases secondary to diabetes mellitus. Definitely, validation 

of the hypothesized therapeutic properties of natural compounds as well as further studies in clinical 

practice are needed. Moreover, these authors are of the opinion that alternative approaches, such as 

acupuncture and electrostimulation, could be successfully associated and integrated in the management 

of DPN patients. 

Acknowledgments 

The authors would like to thank the secretary office of IRCCS Centro Neurolesi “Bonino-Pulejo”, 

Messina for an excellent technical assistance. 

Author Contributions 

Galuppo Maria has performed bibliographic researches and drafted and reviewed manuscript. 

Sabrina Giacoppo has performed bibliographic researches and supported manuscript correction. 

Emanuela Mazzon and Placido Bramanti has designed the paper and supervised manuscript drafting.  



Molecules 2014, 19 2889 

 

 

Conflict of Interests 

The authors declare that there is no conflict of interests. 

References 

1. Narayan, K.M.; Gregg, E.W.; Fagot-Campagna, A.; Engelgau, M.M.; Vinicor, F. Diabetes—A 

common, growing, serious, costly, and potentially preventable public health problem. Diabetes 

Res. Clin. Pract. 2000, 50, S77–S84. 

2. Zatalia, S.R.; Sanusi, H. The role of antioxidants in the pathophysiology, complications, and 

management of diabetes mellitus. Acta Med. Indones. 2013, 45, 141–147. 

3. Jaspan, J.B. Taking control of diabetes. Hosp. Pract. 1995, 30, 55–62. 

4. Gil-Nunez, A.; Alvarez-Sabin, J.; Quintana, M.; Barbera, G.; Grupo de Investigadores del 

Estudio APICA. Prevalence of the metabolic syndrome in patients with transient ischemic attack 

or non-cardioembolic stroke. Neurologia 2009, 24, 446–453. 

5. Zochodne, D.W. Diabetes mellitus and the peripheral nervous system: Manifestations and 

mechanisms. Muscle Nerve 2007, 36, 144–166. 

6. Canaway, R.; Manderson, L. Quality of life, perceptions of health and iiiness, and 

complementary therapy use among people with type 2 diabetes and cardiovascular disease. J. 

Altern. Complement. Med. 2013, 19, 882–890. 

7. Fries, C.J. Classification of complementary and alternative medical practices: Family physicians’ 

ratings of effectiveness. Can. Fam. Phys. 2008, 54, 1570–1571. 

8. Astin, J.A.; Marie, A.; Pelletier, K.R.; Hansen, E.; Haskell, W.L. A review of the incorporation 

of complementary and alternative medicine by mainstream physicians. Arch. Intern. Med. 1998, 

158, 2303–2310. 

9. Diabetes—A global threat. Available online: http://www.thelancet.com/journals/lancet/article/ 

PIIS0140-6736(09)60954-5/fulltext (accessed on 3 March 2014). 

10. Patel, A.; Chalmers, J.; Poulter, N. ADVANCE: Action in diabetes and vascular disease.  

J. Hum. Hypertens 2005, 19, S27–S32. 

11. Anonymous. WHO maps noncommunicable disease trends in all countries: Country profiles on 

noncommunicable disease trends in 193 countries. Cent. Eur. J. Public Health 2011, 9, 130–138. 

12. Chang, C.L.; Lin, Y.; Bartolome, A.P.; Chen, Y.C.; Chiu, S.C.; Yang, W.C. Herbal therapies for 

type 2 diabetes mellitus: Chemistry, biology, and potential application of selected plants and 

compounds. Evid. Based Complement. Alternat. Med. 2013, 2013, 378657.  

13. Espelt, A.; Borrell, C.; Palencia, L.; Goday, A.; Spadea, T.; Gnavi, R.; Font-Ribera, L.;  

Kunst, A.E. Socioeconomic inequalities in the incidence and prevalence of type 2 diabetes 

mellitus in Europe. Gac. Sanit. 2013, 27, 494–501. 

14. Kuritzky, L. Managing diabetic peripheral neuropathic pain in primary care. J. Fam. Pract. 2010, 

59, S15–S22. 

15. Ko, S.H.; Kwon, H.S.; Yu, J.M.; Baik, S.H.; Park, I.B.; Lee, J.H.; Ko, K.S.; Noh, J.H.; Kim, D.S.; 

Kim, C.H.; et al. Comparison of the efficacy and safety of tramadol/acetaminophen combination 



Molecules 2014, 19 2890 

 

 

therapy and gabapentin in the treatment of painful diabetic neuropathy. Diabet. Med. 2010, 27, 

1033–1040. 

16. Baruah, M.P.; Kalra, S.; Ranabir, S. Metformin: A character actor in the leptin story! Indian J. 

Endocr. Metab. 2012, 16, S532–S533. 

17. Borsook, D. Neurological diseases and pain. Brain 2012, 135, 320–344. 

18. Kidd, B.L.; Urban, L.A. Mechanisms of inflammatory pain. Br. J. Anaesth. 2001, 87, 3–11. 

19. Koltzenburg, M.; Scadding, J. Neuropathic pain. Curr. Opin. Neurol. 2001, 14, 641–647. 

20. Anonymous. Classification of chronic pain. Descriptions of chronic pain syndromes and 

definitions of pain terms. Prepared by the International Association for the Study of Pain, 

Subcommittee on Taxonomy. Pain Suppl. 1986, 3, S1–S226. 

21. Treede, R.D.; Jensen, T.S.; Campbell, J.N.; Cruccu, G.; Dostrovsky, J.O.; Griffin, J.W.; Hansson, P.; 

Hughes, R.; Nurmikko, T.; Serra, J. Neuropathic pain: Redefinition and a grading system for 

clinical and research purposes. Neurology 2008, 70, 1630–1635. 

22. Woolf, C.J. What is this thing called pain? J. Clin. Invest. 2010, 120, 3742–3744. 

23. Mannion, R.J.; Woolf, C.J. Pain mechanisms and management: A central perspective. Clin. J. 

Pain 2000, 16, S144–S156. 

24. Mantyselka, P.; Ahonen, R.; Kumpusalo, E.; Takala, J. Variability in prescribing for 

musculoskeletal pain in Finnish primary health care. Pharm. World Sci. 2001, 23, 232–236. 

25. Votrubec, M.; Thong, I. Neuropathic pain—A management update. Aust. Fam. Physician 2013, 

42, 92–97. 

26. Zhou, M.; Chen, N.; He, L.; Yang, M.; Zhu, C.; Wu, F. Oxcarbazepine for neuropathic pain. 

Cochrane Database Syst. Rev. 2013, 3, CD007963. 

27. Baron, R. Peripheral neuropathic pain: From mechanisms to symptoms. Clin. J. Pain 2000, 16, 

S12–S20. 

28. Borg, C.; Padovan, C.; Thomas-Anterion, C.; Chanial, C.; Sanchez, A.; Godot, M.; Peyron, R.;  

de Parisot, O.; Laurent, B. Pain-related mood influences pain perception differently in 

fibromyalgia and multiple sclerosis. J. Pain Res. 2014, 7, 81–87. 

29. Khan, N.; Smith, M.T. Multiple sclerosis-induced neuropathic pain: Pharmacological 

management and pathophysiological insights from rodent EAE models. Inflammopharmacology 

2013, 22, 1–22. 

30. Baschnagel, A.M.; Cartier, J.L.; Dreyer, J.; Chen, P.Y.; Pieper, D.R.; Olson, R.E.; Krauss, D.J.; 

Maitz, A.H.; Grills, I.S. Trigeminal neuralgia pain relief after gamma knife stereotactic 

radiosurgery. Clin. Neurol. Neurosurg. 2014, 117, 107–111. 

31. Pozzilli, C. Advances in the management of multiple sclerosis spasticity: Experiences from 

recent studies and everyday clinical practice. Expert Rev. Neurother. 2013, 13, 49–54. 

32. Svendsen, K.B.; Jensen, T.S.; Bach, F.W. Does the cannabinoid dronabinol reduce central pain in 

multiple sclerosis? Randomised double blind placebo controlled crossover trial. BMJ 2004, 329, 

253. 

33. Solaro, C.; Restivo, D.; Mancardi, G.L.; Tanganelli, P. Oxcarbazepine for treating paroxysmal 

painful symptoms in multiple sclerosis: A pilot study. Neurol. Sci. 2007, 28, 156–158. 



Molecules 2014, 19 2891 

 

 

34. Pandey, C.K.; Bose, N.; Garg, G.; Singh, N.; Baronia, A.; Agarwal, A.; Singh, P.K.;  

Singh, U. Gabapentin for the treatment of pain in guillain-barre syndrome: A double-blinded,  

placebo-controlled, crossover study. Anesth. Analg. 2002, 95, 1719–1723. 

35. Ruts, L.; van Doorn, P.A.; Lombardi, R.; Haasdijk, E.D.; Penza, P.; Tulen, J.H.; Hempel, R.J.; 

van den Meiracker, A.H.; Lauria, G. Unmyelinated and myelinated skin nerve damage in 

Guillain-Barre syndrome: Correlation with pain and recovery. Pain 2012, 153, 399–409. 

36. Kabore, R.; Magy, L.; Boukhris, S.; Mabrouk, T.; Lacoste, M.; Vallat, J.M. Contribution of 

corticosteroid to the treatment of pain in the acute phase of Guillain-Barre syndrome.  

Rev. Neurol. (Paris) 2004, 160, 821–823. 

37. Tripathi, M.; Kaushik, S. Carbamezapine for pain management in Guillain-Barre syndrome 

patients in the intensive care unit. Crit. Care Med. 2000, 28, 655–658. 

38. Sophie, M.; Ford, B. Management of pain in Parkinson’s disease. CNS Drugs 2012, 26, 937–948. 

39. Brefel-Courbon, C.; Ory-Magne, F.; Thalamas, C.; Payoux, P.; Rascol, O. Nociceptive brain 

activation in patients with neuropathic pain related to Parkinson’s disease. Park. Relat. Disord. 

2013, 19, 548–552. 

40. Rana, A.Q.; Saeed, U.; Masroor, S.M.; Yousuf, M.S.; Siddiqui, I. A cross-sectional study 

investigating clinical predictors and physical experiences of pain in Parkinson’s disease.  

Funct. Neurol. 2014, 28, 1–8. 

41. Dworkin, R.H.; O’Connor, A.B.; Backonja, M.; Farrar, J.T.; Finnerup, N.B.; Jensen, T.S.;  

Kalso, E.A.; Loeser, J.D.; Miaskowski, C.; Nurmikko, T.J.; et al. Pharmacologic management of 

neuropathic pain: Evidence-based recommendations. Pain 2007, 132, 237–251. 

42. O’Connor, A.B.; Dworkin, R.H. Treatment of neuropathic pain: An overview of recent 

guidelines. Am. J. Med. 2009, 122, S22–S32. 

43. Lantion-Ang, L.C. Epidemiology of diabetes mellitus in Western pacific region: Focus on 

Philippines. Diabetes Res. Clin. Pract. 2000, 50, S29–S34. 

44. Ziegler, D.; Pritchett, Y.L.; Wang, F.; Desaiah, D.; Robinson, M.J.; Hall, J.A.; Chappell, A.S. 

Impact of disease characteristics on the efficacy of duloxetine in diabetic peripheral neuropathic 

pain. Diabetes Care 2007, 30, 664–669. 

45. Hannon, H.E.; Atchison, W.D. Omega-conotoxins as experimental tools and therapeutics in pain 

management. Mar. Drugs. 2013, 11, 680–699. 

46. Ha, A.D.; Jankovic, J. Pain in Parkinson’s disease. Mov. Disord. 2012, 27, 485–491. 

47. Jha, M.K.; Jeon, S.; Suk, K. Glia as a link between neuroinflammation and neuropathic pain. 

Immune Net. 2012, 12, 41–47. 

48. Moulin, D.E. Pain in central and peripheral demyelinating disorders. Neurol. Clin. 1998, 16, 

889–898. 

49. Toth, C.; Breithaupt, K.; Ge, S.; Duan, Y.; Terris, J.M.; Thiessen, A.; Wiebe, S.; Zochodne, D.W.; 

Suchowersky, O. Levodopa, methylmalonic acid, and neuropathy in idiopathic Parkinson 

disease. Ann. Neurol. 2010, 68, 28–36. 

50. Chong, M.S.; Hester, J. Diabetic painful neuropathy: Current and future treatment options. Drugs 

2007, 67, 569–585. 



Molecules 2014, 19 2892 

 

 

51. Zhang, J.L.; Yang, J.P.; Zhang, J.R.; Li, R.Q.; Wang, J.; Jan, J.J.; Zhuang, Q. Gabapentin reduces 

allodynia and hyperalgesia in painful diabetic neuropathy rats by decreasing expression level of 

Nav1.7 and p-ERK1/2 in DRG neurons. Brain Res. 2013, 1493, 13–18. 

52. Ristagno, G.; Fumagalli, F.; Porretta-Serapiglia, C.; Orru, A.; Cassina, C.; Pesaresi, M.; Masson, S.; 

Villanova, L.; Merendino, A.; Villanova, A.; et al. Hydroxytyrosol Attenuates Peripheral 

Neuropathy in Streptozotocin-Induced Diabetes in Rats. J. Agric. Food Chem. 2012, 60,  

5859–5865. 

53. Suehiro, K.; Funao, T.; Fujimoto, Y.; Yamada, T.; Mori, T.; Nishikawa, K. Relationship between 

noradrenaline release in the locus coeruleus and antiallodynic efficacy of analgesics in rats with 

painful diabetic neuropathy. Life Sci. 2013, 92, 1138–1144. 

54. Mehrpour, O. Addiction and seizure ability of tramadol in high-risk patients. Indian J. Anaesth. 

2013, 57, 86–87. 

55. Gong, Y.H.; Yu, X.R.; Liu, H.L.; Yang, N.; Zuo, P.P.; Huang, Y.G. Antinociceptive effects of 

combination of tramadol and acetaminophen on painful diabetic neuropathy in streptozotocin-

induced diabetic rats. Acta Anaesthesiol. Taiwan 2011, 49, 16–20. 

56. Aloisi, A.M.; Buonocore, M.; Merlo, L.; Galandra, C.; Sotgiu, A.; Bacchella, L.; Ungaretti, M.; 

Demartini, L.; Bonezzi, C. Chronic pain therapy and hypothalamic-pituitary-adrenal axis 

impairment. Psychoneuroendocrinology 2011, 36, 1032–1039. 

57. Zhang, L.; Rainka, M.; Freeman, R.; Harden, R.N.; Bell, C.F.; Chen, C.; Graff, O.; Harding, K.; 

Hunter, S.; Kavanagh, S.; et al. Double-blind, placebo-controlled trial to assess the efficacy and 

safety of gabapentin enacarbil in subjects with neuropathic pain associated with postherpetic 

neuralgia (PXN110748). J. Pain 2013, 14, 590–603. 

58. Zareba, G. Pregabalin: A new agent for the treatment of neuropathic pain. Drugs Today 2005, 41, 

509–516. 

59. Blommel, M.L.; Blommel, A.L. Pregabalin: An antiepileptic agent useful for neuropathic pain. 

Am. J. Health Syst. Pharm. 2007, 64, 1475–1482. 

60. Ryvlin, P. Defining success in clinical trials--profiling pregabalin, the newest AED. Eur. J. 

Neurol. 2005, 12, 12–21. 

61. L’uso dei Farmaci in Italia Rapporto nazionale anno 2011. Available online: 

http://www.agenziafarmaco.gov.it/sites/default/files/1_-_rapporto_osmed_2011.pdf (accessed on 

1 July 2013).  

62. Barbano, R.; Hart-Gouleau, S.; Pennella-Vaughan, J.; Dworkin, R.H. Pharmacotherapy of painful 

diabetic neuropathy. Curr. Pain Headache Rep. 2003, 7, 169–177. 

63. Kasuya, D. Acupuncture for painful diabetic neuropathy. Clin. Neurol. 2012, 52, 1290–1293. 

64. Tong, Y.; Guo, H.; Han, B. Fifteen-day acupuncture treatment relieves diabetic peripheral 

neuropathy. J. Acupunct. Meridian Stud. 2010, 3, 95–103. 

65. Kumar, D.; Marshall, H.J. Diabetic peripheral neuropathy: Amelioration of pain with 

transcutaneous electrostimulation. Diabetes Care 1997, 20, 1702–1705. 

66. Heidland, A.; Fazeli, G.; Klassen, A.; Sebekova, K.; Hennemann, H.; Bahner, U.; di Iorio, B. 

Neuromuscular electrostimulation techniques: Historical aspects and current possibilities in 

treatment of pain and muscle waisting. Clin. Nephrol. 2013, 79, S12–S23. 



Molecules 2014, 19 2893 

 

 

67. Kucherenko, N.V.; Skrypova, T.V.; Liutkevych, V.F.; Turans’kyi, A.I.; Skybun, V.M. Detection 

and treatment of lower extremity neuropathy in patients with diabetic foot. Klin. Khir. 2001, 8, 

22–24. 

68. Kumar, K.; Taylor, R.S.; Jacques, L.; Eldabe, S.; Meglio, M.; Molet, J.; Thomson, S.; 

O’Callaghan, J.; Eisenberg, E.; Milbouw, G.; et al. The effects of spinal cord stimulation in 

neuropathic pain are sustained: A 24-month follow-up of the prospective randomized controlled 

multicenter trial of the effectiveness of spinal cord stimulation. Neurosurgery 2008, 63, 762–770. 

69. Ji, H.F.; Li, X.J.; Zhang, H.Y. Natural products and drug discovery. Can thousands of years of 

ancient medical knowledge lead us to new and powerful drug combinations in the fight against 

cancer and dementia? EMBO Rep. 2009, 10, 194–200. 

70. Chen, W.; Luo, Y.F.; Liu, J.P. Topical herbal medicine for treatment of diabetic peripheral 

neuropathy: A systematic review of randomized controlled trials. Forsch. Komplementmed. 

2011, 18, 134–145. 

71. Jagirdar, P.C. The theory of five elements in acupuncture. Am. J. Chin. Med. 1989, 17, 135–138. 

72. Piao, Y.; Liang, X. Chinese medicine in diabetic peripheral neuropathy: Experimental research 

on nerve repair and regeneration. Evid. Based Complement. Altern. Med. 2012, 2012, 191632. 

73. Feng, C.G.; Zhang, L.X.; Liu, X. Progress in research of aldose reductase inhibitors in traditional 

medicinal herbs. Zhongguo Zhong Yao Za Zhi 2005, 30, 1496–1500. 

74. Xu, H.B.; Jiang, R.H.; Chen, X.Z.; Li, L. Chinese herbal medicine in treatment of diabetic 

peripheral neuropathy: A systematic review and meta-analysis. J. Ethnopharmacol. 2012, 143, 

701–708. 

75. Bell, D.S. Metformin-induced vitamin B12 deficiency presenting as a peripheral neuropathy. 

South. Med. J. 2010, 103, 265–267. 

76. Oberlin, B.S.; Tangney, C.C.; Gustashaw, K.A.; Rasmussen, H.E. Vitamin B12 deficiency in 

relation to functional disabilities. Nutrients 2013, 5, 4462–4475. 

77. Motomura, K.; Fujiwara, Y.; Kiyota, N.; Tsurushima, K.; Takeya, M.; Nohara, T.; Nagai, R.; 

Ikeda, T. Astragalosides isolated from the root of astragalus radix inhibit the formation of 

advanced glycation end products. J. Agric. Food Chem. 2009, 57, 7666–7672. 

78. Toda, S.; Yase, Y.; Shirataki, Y. Inhibitory effects of astragali radix, crude drug in Oriental 

medicines on lipid peroxidation and protein oxidative modification of mouse brain homogenate 

by copper. Phytother. Res. 2000, 14, 294–296. 

79. Tou, W.I.; Chang, S.S.; Lee, C.C.; Chen, C.Y. Drug design for neuropathic pain regulation from 

traditional Chinese medicine. Sci. Rep. 2013, 3, 844. 

80. Zou, D.W.; Gao, Y.B.; Zhu, Z.Y.; Zhou, H.; Zhang, T.J.; Li, B.M.; Wang, J.Y.; Li, M.Z.;  

Ma, M.F.; Zhang, N. Traditional Chinese Medicine Tang-Luo-Ning Ameliorates Sciatic Nerve 

Injuries in Streptozotocin-Induced Diabetic Rats. Evid. Based Complement. Alternat. Med. 2013, 

2013, 989670. 

81. Nardini, M.; Pisu, P.; Gentili, V.; Natella, F.; di Felice, M.; Piccolella, E.; Scaccini, C. Effect of 

caffeic acid on tert-butyl hydroperoxide-induced oxidative stress in U937. Free Radic. Biol. Med. 

1998, 25, 1098–1105. 

82. Huang, S.M.; Chuang, H.C.; Wu, C.H.; Yen, G.C. Cytoprotective effects of phenolic acids on 

methylglyoxal-induced apoptosis in Neuro-2A cells. Mol. Nutr. Food Res. 2008, 52, 940–949. 



Molecules 2014, 19 2894 

 

 

83. Aunon-Calles, D.; Giordano, E.; Bohnenberger, S.; Visioli, F. Hydroxytyrosol is not genotoxic  

in vitro. Pharmacol. Res. 2013, 74, 87–93. 

84. Kar, A.; Choudhary, B.K.; Bandyopadhyay, N.G. Comparative evaluation of hypoglycaemic 

activity of some Indian medicinal plants in alloxan diabetic rats. J. Ethnopharmacol. 2003, 84, 

105–108. 

85. Jadon, A.; Bhadauria, M.; Shukla, S. Protective effect of Terminalia belerica Roxb. and gallic 

acid against carbon tetrachloride induced damage in albino rats. J. Ethnopharmacol. 2007, 109,  

214–218. 

86. Bhanot, A.; Shri, R. A comparative profile of methanol extracts of Allium cepa and Allium 

sativum in diabetic neuropathy in mice. Pharmacogn. Res. 2010, 2, 374–384. 

87. Shih, C.C.; Shlau, M.T.; Lin, C.H.; Wu, J.B. Momordica charantia Ameliorates Insulin 

Resistance and Dyslipidemia with Altered Hepatic Glucose Production and Fatty Acid Synthesis 

and AMPK Phosphorylation in High-fat-fed Mice. Phytother. Res. 2013, 74, 87–93. 

88. Malik, Z.A.; Tabassum, N.; Lal Sharma, P. Attenuation of experimentally induced diabetic 

neuropathy in association with reduced oxidative-nitrosative stress by chronic administration of 

Momordica charantia. Adv. Biosci. Biotechnol. 2013, 4, 356–363. 

89. Sativex. Available online: http://www.gwpharm.com/Sativex.aspx (accessed on 1 July 2013).  

90. Serpell, M.G.; Notcutt, W.; Collin, C. Sativex long-term use: An open-label trial in patients with 

spasticity due to multiple sclerosis. J. Neurol. 2013, 260, 285–295. 

91. Johnson, J.R.; Lossignol, D.; Burnell-Nugent, M.; Fallon, M.T. An open-label extension study to 

investigate the long-term safety and tolerability of thc/cbd oromucosal spray and oromucosal thc 

spray in patients with terminal cancer-related pain refractory to strong opioid analgesics. J. Pain 

Symptom Manag. 2012, 46, 207–218. 

92. Selvarajah, D.; Gandhi, R.; Emery, C.J.; Tesfaye, S. Randomized placebo-controlled  

double-blind clinical trial of cannabis-based medicinal product (Sativex) in painful diabetic 

neuropathy: Depression is a major confounding factor. Diabetes Care 2010, 33, 128–130. 

93. Snedecor, S.J.; Sudharshan, L.; Cappelleri, J.C.; Sadosky, A.; Mehta, S.; Botteman, M. 

Systematic review and meta-analysis of pharmacological therapies for painful diabetic peripheral 

neuropathy. Pain Pract. 2013, 14, 167–184.  

94. Tkaczyk, M.; Florek, E.; Piekoszewski, W. Marihuana and cannobinoids as medicaments.  

Prz. Lek. 2012, 69, 1095–1097. 

95. Pelagio-Flores, R.; Ortiz-Castro, R.; Mendez-Bravo, A.; Macias-Rodriguez, L.; Lopez-Bucio, J. 

Serotonin, a tryptophan-derived signal conserved in plants and animals, regulates root system 

architecture probably acting as a natural auxin inhibitor in Arabidopsis thaliana. Plant. Cell 

Physiol. 2011, 52, 490–508. 

96. Szallasi, A.; Blumberg, P.M. Vanilloid (Capsaicin) receptors and mechanisms. Pharmacol. Rev. 

1999, 51, 159–212. 

97. Derry, S.; Sven-Rice, A.; Cole, P.; Tan, T.; Moore, R.A. Topical capsaicin (high concentration) 

for chronic neuropathic pain in adults. Cochrane Database Syst. Rev. 2013, 2, CD007393. 

98. Mou, J.; Paillard, F.; Turnbull, B.; Trudeau, J.; Stoker, M.; Katz, N.P. Qutenza (Capsaicin) 8% 

patch onset and duration of response and effects of multiple treatments in neuropathic pain 

patients. Clin. J. Pain 2013, doi:10.1097/AJP.0b013e31829a4ced. 



Molecules 2014, 19 2895 

 

 

99. Halat, K.M.; Dennehy, C.E. Botanicals and dietary supplements in diabetic peripheral 

neuropathy. J. Am. Board Fam. Pract. 2003, 16, 47–57. 

100. Horrobin, D.F. The regulation of prostaglandin biosynthesis by the manipulation of essential 

fatty acid metabolism. Rev. Pure Appl. Pharmacol. Sci.1983, 4, 339–383. 

101. Horrobin, D.F. Fatty acid metabolism in health and disease: The role of delta-6-desaturase. Am. 

J. Clin. Nutr. 1993, 57, 732S–737S. 

102. Horrobin, D.F. The roles of essential fatty acids in the development of diabetic neuropathy and 

other complications of diabetes mellitus. Prostaglandins Leukot. Essent. Fatty Acids 1988, 31, 

181–197. 

103. Khalil, H. Painful diabetic neuropathy management. Int. J. Evid. Based Healthc. 2013, 11, 77–79. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


