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Abstract
Peripheral neuropathy (PN), associated with 
diabetes, neurotoxic chemotherapy, human 
immunodeficiency virus (HIV)/antiretroviral drugs, 
alcoholism, nutrient deficiencies, heavy metal 
toxicity, and other etiologies, results in significant 
morbidity. Conventional pain medications 
primarily mask symptoms and have significant 
side effects and addiction profiles. However, a 
widening body of research indicates alternative 
medicine may offer significant benefit to this 
patient population. Alpha-lipoic acid, acetyl-
L-carnitine, benfotiamine, methylcobalamin, 
and topical capsaicin are among the most well-
researched alternative options for the treatment 
of PN. Other potential nutrient or botanical 
therapies include vitamin E, glutathione, folate, 
pyridoxine, biotin, myo-inositol, omega-3 and 
-6 fatty acids, L-arginine, L-glutamine, taurine, 
N-acetylcysteine, zinc, magnesium, chromium, 
and St. John’s wort. In the realm of physical 
medicine, acupuncture, magnetic therapy, and 
yoga have been found to provide benefit. New 
cutting-edge conventional therapies, including 
dual-action peptides, may also hold promise.
(Altern Med Rev 2006;11(4):294-329)

Introduction
Prevalence

Peripheral neuropathy (PN) – characterized 
by pain, numbness, and tingling in the extremities 
and slow nerve conduction – affects a significant per-
centage of the U. S. population and can be extremely 
debilitating. A 1999-2000 report, National Health and 
Nutrition Examination Survey (NHANES), of 2,873 
men and women ages 40 or older (419 with diabetes), 
found a PN prevalence of 14.8 percent.1 PN was de-
fined as at least one insensitive area on the foot with 
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monofilament testing; it was also assessed by self-re-
ported symptoms. The incidence of PN was signifi-
cantly higher (62%) in the subset with diabetes. The 
incidence of PN also increased significantly with age. 
NHANES found 8.1 percent of the 40-49 year age 
group had PN, compared to 34.7 percent of individu-
als over age 80.

Etiological Factors
Peripheral neuropathy manifests as axonal 

degeneration. Diagnosis of PN involves a complete 
evaluation to determine the extent of the neurological 
deficit as well as a complete history and physical ex-
amination to determine the possible etiology. Despite 
thorough history and physical exam, etiology remains 
a mystery in approximately 50 percent of cases.2

Peripheral neuropathy can be the result of 
genetics, chronic disease, environmental toxins, al-
coholism, nutritional deficiencies, or side effects of 
certain medications.

Among chronic diseases, diabetes mellitus is 
the most common cause of PN. Mechanisms involved 
in diabetes-associated PN are discussed in depth in 
a later section. Other endocrinological abnormalities 
that can result in neuropathy include hypothyroidism 
and acromegaly.3 The neuropathy associated with hy-
pothyroidism commonly manifests as carpal tunnel 
syndrome. Other manifestations resemble diabetic 
neuropathy, with tingling paresthesias in a stock-
ing-glove distribution. PN of acromegaly (excess 
growth hormone) includes carpal tunnel syndrome 
and sensorimotor polyneuropathy. Human immu-
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nodeficiency virus (HIV) 
also results in PN, usually 
involving distal, nonpain-
ful paresthesias, decreased 
ankle reflexes, and abnor-
mal pain and temperature 
perception.4 Amyloidosis 
is another chronic disease 
resulting in PN.

E n v i r o n m e n t a l 
neurotoxins that can cause 
peripheral neuropathy in-
clude exposure to mold in 
water-damaged buildings,5 
solvents such as n-hexane 
and methyl n-butyl ketone,6 
and heavy metals, including thallium,7 arsenic,7 lead,8 
mercury,9 and germanium.10

Peripheral neuropathy is common among 
chronic alcohol abusers, with prevalence as low as 
nine percent and as high as 50 percent. Alcohol-as-
sociated PN is related to a combination of factors, in-
cluding malnutrition, nutrient deficiencies (thiamine 
in particular), and direct neurotoxicity of alcohol.11

Medications that commonly result in PN 
include the chemotherapy drugs cisplatin, suramin, 
paclitaxel, and docetaxel,12 as well as cholesterol-
lowering statin drugs,13 HIV antiretroviral drugs, and 
thalidomide.12

Pathogenesis of Peripheral 
Neuropathy
Diabetic Peripheral Neuropathy

PN affects 30 percent of hospitalized and 20 
percent of non-hospitalized individuals with diabe-
tes.14 The mechanisms underlying PN depend on eti-
ology. Diabetes, being the most common etiological 
factor, is also the most studied in terms of pathogen-
esis. While conventional theory holds that prolonged 
hyperglycemia results in the complications associ-
ated with diabetes, including neuropathy, a recent 
study found PN can manifest even in individuals with 
abnormal glucose tolerance, a pre-diabetic condition. 
The study found that in a group with chronic idio-
pathic polyneuropathy, subjects were twice as likely 
to have abnormal glucose tolerance than age-matched 
controls from the general population.15

The pathophysiology of diabetic neuropathy 
(summarized in Figure 1) includes increased oxida-
tive stress yielding advanced glycosylated end prod-
ucts (AGEs), polyol accumulation, decreased nitric 
oxide/impaired endothelial function,16 impaired (Na+/
K+)-ATPase activity,17 and homocysteinemia.18 Not 
only are nerve cells more likely to be destroyed in a 
hyperglycemic environment, but repair mechanisms 
are also defective. Reduced levels of neurotrophic 
agents, including nerve growth factor and insulin-
like growth factor, have been noted in experimental 
diabetes.19

Oxidative Stress/Protein Glycosylation 
Diabetes results in increased products of 

oxidation. In hyperglycemia, glucose combines with 
protein, yielding glycosylated proteins, which can 
become damaged by free radicals and combine with 
fats, yielding AGEs that damage sensitive tissues. In 
addition, glycosylation of antioxidant enzymes can 
render the defense system less efficient.

Significant evidence points to increased 
oxidative stress in diabetic PN, either because of en-
hanced production of reactive oxygen species (ROS) 
or defective scavenging of free radicals. A study com-
pared markers of oxidative stress in 189 people with 
diabetes (105 with PN, 22 with PN plus cardiac au-
tonomic neuropathy [CAN], and 22 with no PN or 
CAN) with 85 controls.14 Markers of oxidative stress 
included plasma 8-iso-prostaglandin F2a, superox-
ide anion generation, and lag time to peroxidation 

Figure 1. Pathophysiological Factors in Diabetic Peripheral Neuropathy
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by peroxynitrite. Subjects with PN or PN plus CAN 
demonstrated significant elevations of all three mark-
ers, as well as significant decreases in the protective 
antioxidant vitamins C and E.

The effect of pro-oxidants has been examined 
in experimental diabetic neuropathy. In one study, 
rats exposed to two pro-oxidant interventions – ei-
ther the drug primaquine or a vitamin E-deficient diet 
– demonstrated decreased nerve conduction velocity 
(NCV), nerve growth factor in the sciatic nerve, and 
neuropeptides compared to diabetic rats not exposed 
to additional oxidative stress.20

Sytze van Dam provides a review of the 
pathophysiology of oxidative stress in PN, includ-
ing a summary of additional in vitro and animal re-
search.21

Polyol Accumulation
Glucose is able to passively diffuse without 

insulin into certain types of cells, including nerve 
cells. Once inside the cell, glucose is converted to 
sorbitol and other polyols by the enzyme aldose re-
ductase (Figure 2). Because polyols do not passively 
diffuse out of cells, they concentrate within cells such 
as neurons, creating an osmotic gradient that allows 
excess sodium and water to follow.22

It is now believed that, in addition to osmotic 
effects, polyol-pathway linked metabolic changes are 
involved. Fructose is also a byproduct of polyol-path-
way activation via the sorbitol dehydrogenase-driv-
en conversion of sorbitol to fructose. High fructose 
levels result in increased AGE precursors,23 another 
source of oxidative stress.

Accumulation of sorbitol 
and fructose in nerve cells has 
been shown to decrease (Na+/
K+)-ATPase activity.22 In addi-
tion, free carnitine and myo-ino-
sitol content in the caudal nerves 
of diabetic rats were significantly 
decreased with polyol accumu-
lation.24 Providing the rats with 
an aldose reductase inhibitor 
decreased the depletion of both 
myo-inositol and carnitine in cau-
dal nerves24 and preserved (Na+/
K+)-ATPase activity in the sciatic 
nerve,22 adding further evidence 
that metabolic derangements are 

associated with polyol-pathway hyperactivity.

Nitric Oxide Deficiency/Impaired Endothelial 
Function: The Arginine Connection

Vascular factors have also been implicated in 
the pathogenesis of diabetic PN. Nerve blood flow is 
diminished in experimental diabetic neuropathy, and 
numerous studies indicate it may be mediated by al-
terations in nitric oxide metabolism. One such study 
examined nerve blood flow and nitric oxide synthase 
(NOS) activity in the microvasculature serving pe-
ripheral nerves in diabetic rats.25 Hyperglycemia re-
sulted in a significant diminution of nerve blood flow 
compared to controls. N-nitro-L-arginine, an inhibi-
tor of NOS, also resulted in decreased nerve blood 
flow. L-arginine reversed the effects of NOS inhibi-
tion and restored blood flow to the nerves.

An animal study also found disruptions in 
neuronal nitric oxide synthase (nNOS) in experimen-
tal diabetes. Decreased nNOS expression was associ-
ated with increased neuropathic pain.26

Nitric oxide plays an important role in con-
trolling (Na+/K+)-ATPase activity,27 a diminution of 
which has been implicated in the pathogenesis of 
PN.17 Experimental analysis revealed hyperglyce-
mia results in an excess of endothelial superoxide 
radicals that result in reduced stimulation of NO on 
(Na+/K+)-ATPase activity; this effect is inhibited by 
L-arginine.27 Another animal study, however, did not 
find a relationship between altered NO activity and 
the development of sensory PN.28

Figure 2. The Sorbitol Pathway
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Erectile dysfunction (ED) in diabetic men 
correlates with reduced NO activity and resultant en-
dothelial dysfunction. A study of 60 men with dia-
betes (30 with ED) found a further correlation with 
peripheral neuropathy. Heat/pain perception was ab-
normal in 40 percent of diabetics with ED but in only 
10 percent of diabetics without ED, while warmth 
perception was abnormal in 50 percent of those with 
ED compared to 30 percent without ED.29 These re-
sults indicate a probable connection between abnor-
mal NO activity and neuropathy in a clinical setting.

A Connection Between Increased Polyol 
Activity and Decreased NO Activity? 

The interrelationships between the various 
pathogenetic aspects of diabetic PN are poorly un-
derstood. An animal study attempted to elucidate a 
possible connection between aldose reductase activ-
ity (enhanced polyol pathway activity) and decreased 
NO activity. The researchers found NO to be an im-
portant mediator of nerve (Na+/K+)-ATPase and al-
dose reductase activity on NCV. NADPH is a cofac-
tor for both NOS and aldose reductase. Therefore, the 
authors theorize that hyperglycemia increases activ-
ity of aldose reductase, subsequently decreasing NOS 
activity via cofactor competition.17

Hyperhomocysteinemia
Diabetes and its complications are associated 

with elevated homocysteine levels. A group of 65 
subjects with type 2 diabetes were divided into two 
groups, those with neuropathy (n=43) and those with-
out neuropathy (n=22). The frequency of hyperhomo-
cysteinemia (≥15 µmol/L) was significantly higher in 
the group with neuropathy (13/43) compared to those 
without neuropathy (1/22). Of the three vitamin co-
factors for homocysteine metabolism (vitamins B6 
and B12 and folate), plasma vitamin B12 levels dem-
onstrated a downward trend in the neuropathy group, 
whereas there were no differences in vitamin B6 or 
folate levels between the two groups.18

Hyperhomocysteinemia is associated with 
impairment of endothelial function, providing a 
mechanism for its possible involvement in diabetic 
complications, including neuropathy. Researchers 
propose a synergistic effect between AGEs and ho-
mocysteine, resulting in endothelial damage. In a 

group of 75 type 1 diabetics, those with hyperhomo-
cysteinemia had significantly higher plasma throm-
bomodulin levels (a sign of endothelial damage; 62.2 
ng/mL versus 38.2 ng/mL) and higher prevalence of 
neuropathy (57% versus 41%).30

Not all studies have found a correlation be-
tween high homocysteine levels and diabetic neu-
ropathy. In a study of 629 people (266 with normal 
glucose tolerance, 167 with impaired glucose toler-
ance, and 162 with type 2 diabetes) no definitive cor-
relation was found between hyperhomocysteinemia 
and PN.31

Alcohol-related Neuropathy
Neuropathy associated with chronic liver 

disease/alcoholism appears to be associated with di-
rect toxic effects of alcohol, malnutrition, thiamine 
deficiency, and genetics. Ammendola et al found the 
strongest correlation was between incidence of axo-
nal neuropathy (most commonly of the sural nerve) 
and total lifetime dose of ethanol, compared to other 
parameters examined (malnutrition and family his-
tory of alcoholism).11 Other B-vitamin deficiencies, 
including folate deficiency, have also been associated 
with cases of alcohol-related neuropathy.32

Thyroid/Pituitary Neuropathies
Mucinous deposits in soft tissue resulting in 

nerve compression and carpal tunnel-like symptoms 
have been implicated in neuropathy associated with 
hyperthyroidism.3 Neuropathy associated with excess 
growth hormone or acromegaly has been associated 
with subperineurial-tissue proliferation and dimin-
ished myelinated and unmyelinated fibers.3

AIDS-associated Neuropathy
Peripheral neuropathy affects as many as 

one-third of individuals with acquired immunodefi-
ciency syndrome (AIDS), most commonly manifest-
ed as distal, symmetrical polyneuropathy. A study of 
251 HIV-positive individuals found the incidence of 
neuropathy was significantly correlated with extent 
of immune deficiency (reflected in low CD4 counts) 
and malnutrition (decreased weight, hemoglobin, and 
serum albumin).4
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PN associated with AIDS resembles PN 
caused by vitamin B12 deficiency. Kieburtz et al re-
port a prevalence of vitamin B12 deficiency (20%) in 
HIV-infected patients with PN.33 Others have report-
ed no association between vitamin B12 deficiency 
and AIDS-related PN.4,34

Other proposed mechanisms (aside from 
antiretroviral drugs, addressed below) for the high 
incidence of PN in AIDS include increased oxidative 
stress and inflammatory cytokine production, and im-
paired repair mechanisms caused by decreased S-ad-
enosylmethionine.35

Drug-induced Neuropathy
Factors that render peripheral nerves suscep-

tible to drug toxicity include a leaky blood-peripheral 
nerve barrier (compared to the blood-brain barrier) 
and genetics.12

Antiretroviral Agents
Antiretroviral drugs used to treat individu-

als with HIV are implicated in PN. One study of 147 
HIV-positive adults found exposure to didanosine 
(ddI) or stavudine (d4T) significantly increased the 
risk of developing PN (odds ratio of 3.21 and 7.66, 
respectively);36 zalcitabine (ddC) can also cause neu-
ropathies.12 It is believed the neuropathies occur in 
part because of drug-induced mitochondrial defects. 
In a rabbit model, ddC resulted in demyelination via 

Schwann cell mitochondrial toxicity.37 High lactic 
acid levels are associated with the use of antiretro-
viral drugs and may be used to differentiate drug-
induced versus AIDS-related neuropathy in people 
with HIV.38

Cancer Chemotherapeutic Agents 
Numerous cancer chemotherapy drugs are 

associated with neurotoxicity and PN (Table 1).
High cumulative doses of cisplatin result 

in incidence of PN as high as 70-100 percent, with 
more conventional lower doses resulting in a PN rate 
of 12 percent. Impaired DNA repair mechanisms are 
believed to be the cause of PN in this population.12

Taxoids such as paclitaxel and docetaxel 
result in peripheral neuropathy, particularly at high 
doses. The mechanism is unknown but large arrays 
of disordered microtubules, a major effect on tumor 
cells, may be a cause of neurotoxicity.12 Vinca alka-

loids may exert neurotoxic effects by inhibiting mi-
crotubular assembly.12

Lipid-lowering Drugs
PN is one of the less common side effects of 

the class of cholesterol-lowering drugs that inhibit 3-
hydroxy-3-methyl-glutaryl coenzyme A (HMG CoA) 
reductase – the so-called statin drugs.12 A case-control 
study using automated databases found a significant 
increase in neuropathy in people taking lipid-lower-
ing drugs as a whole (odds ratio: 1.27); statins (odds 
ratio: 1.22), and fibrates (another class of lipid-lower-
ing drugs; odds ratio: 1.54).13

Potential mechanisms include interruption 
of cholesterol synthesis, resulting in disruption of 
cholesterol-rich neuronal membranes, or inhibition 
of coenzyme Q10 synthesis (also inhibited by HMG 
CoA reductase), resulting in neuron mitochondrial 
damage.39

A suspected case of diabetic neuropathy in 
a patient with type 1 diabetes on a statin drug com-
pletely resolved when the statin drug was withdrawn 
– indicating the neuropathy was from statin use, not 
diabetes.39 On the other hand, statin drugs may actu-
ally restore normal nerve function in diabetic neuro-
pathy. In a study of mice with type 2 diabetes and 
neuropathy, the statin drug rosuvastatin restored nerve 
function and vascularity, at least in part by restoring 
nNOS, which improved microcirculation.40

Table 1. Cancer Chemotherapeutic Agents 
Associated with Peripheral Neuropathy

Cisplatin and its analogs
5-Fluorouracil
5-Azacytedine
Vinca alkaloids (vincristine, vinblastine, etc.)
Taxoids (paclitaxel, docetaxel)
Cytarabine
Etoposide
Gemcitabine
Hexamethylmelamine
Ifosphamide
Misonidazole
Suramin
VM-26
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Conventional Treatment of PN
Treatment of peripheral neuropathy depends, 

in part at least, on the cause of the neuropathy. In 
the case of drug-induced neuropathy, removing the 
offending agent or decreasing the dose can result in 
resolution of the symptoms. In other cases, such as 
in the case of alcohol-related neuropathy, correct-
ing a deficiency (in this case B vitamins, particularly 
thiamine) is essential. Initially, it is often necessary to 
provide thiamine intravenously.

Because of the prevalence of PN in diabetes, 
much of the research has focused on diabetic neuropa-
thy. Conventional treatments include antidepressants 
(tricyclics – TCAs and serotonin selective reuptake 
inhibitors – SSRIs), anticonvulsants, antiarrhythmics 
(sodium-channel blockers; mexiletine), N-methyl-D-
aspartate (NMDA) receptor antagonists, five-percent 
lidocaine patches, opioid and non-opioid analgesics,41 
and aldose reductase inhibitors (such as sorbinil42 or 
zenarestat43).

A review of placebo-controlled and compara-
tive studies examined the efficacy and safety of sev-
eral classes of drugs for neuropathy, including SSRIs, 
TCAs, NMDA-receptor antagonists, sodium-channel 
blockers, narcotic analgesics (tramadol, oxycodone), 
and first- and second-generation anticonvulsants (e.g., 
carbamazepine, sodium valproate, and gabapentin).44 
The authors concluded that gabapentin showed the 
greatest efficacy with the fewest side effects and po-
tential drug interactions. Other anticonvulsants in 
early stages of testing for PN include pregabalin (bet-
ter absorbed than gabapentin)45 and lacosamide.46

Alternative Treatments for Peripheral 
Neuropathy
alpha-Lipoic Acid
Clinical Effects of Alpha-lipoic Acid (ALA) 
for Diabetic Peripheral Neuropathy

ALA, among the most well-researched nu-
trients for peripheral neuropathy, has been used as a 
treatment for PN in Europe for decades. Three large-
scale, double-blind, placebo-controlled trials – the Al-
pha-Lipoic Acid in Diabetic Neuropathy (ALADIN) 
studies – have examined various routes of administra-
tion, dosages, and neurological effects of ALA. The 
first ALADIN study (n=328 type 2 diabetics) found 

three weeks of intravenous (I.V.) ALA at 600 or 1,200 
mg daily was superior to placebo for reducing symp-
toms of neuropathy measured by several pain-score 
questionnaires; the 600-mg dose yielded slightly bet-
ter results with fewer side effects.47

ALADIN II examined nerve conduction 
parameters as well as Neuropathic Disability Score 
(NDS) in a two-year trial of 65 patients with type 1 
or 2 diabetes. Patients were assigned to one of three 
treatment groups: 600 mg ALA twice daily, 600 mg 
ALA once daily plus placebo once daily, or double 
placebo. After receiving the treatments I.V. for five 
days, subjects were placed on oral administration of 
the respective treatments. ALA resulted in significant 
improvement in some nerve conduction parameters 
but not in NDS compared to placebo.48

In the seven-month ALADIN III trial, 509 
PN subjects with type 2 diabetes received 600 mg 
I.V. ALA daily for three weeks, followed by 600 mg 
orally three times daily for six months; 600 mg I.V. 
ALA daily for three weeks, followed by placebo three 
times daily for six months; or double placebo. While 
no significant differences were noted in subjective 
symptom evaluation among the groups, treatment 
with ALA was associated with improvement in nerve 
function.49

In the randomized, double-blind, placebo-
controlled Symptomatic Diabetic Neuropathy (SYD-
NEY) trial, 120 type 2 diabetic patients with PN were 
administered 600 mg I.V. ALA (n=60) or placebo 
(n=60), five days/week for a total of 14 treatments. 
At the end of the trial, the ALA group reported sig-
nificant improvement in overall symptoms, including 
lancinating and burning pain, numbness, and tingling 
compared to the placebo group; improvement in one 
nerve conduction parameter was also reported.50 

A meta-analysis of four placebo-controlled 
trials (n=1,258) – ALADIN I and III, SYDNEY, and a 
fourth unpublished trial (Neurological Assessment of 
Thioctic Acid; NATHAN II), all with the same proto-
col of 600 mg ALA administered I.V. for three weeks 
– found a continuous daily improvement in symptom 
scores beginning on the eighth day of treatment.51

Several smaller studies confirm the potential 
benefit of ALA for diabetic peripheral neuropathy. 
Like the first ALADIN study, one small study lasted 
only three weeks. Type 2 diabetics with symptomatic 
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PN were given 600 mg ALA (n=12) or placebo 
(n=12) orally three times daily. Even with the study’s 
short duration, burning pain and NDS improved sig-
nificantly in the ALA group compared to placebo.52 
A smaller oral dose was also found effective in an 
uncontrolled study of 26 type 2 diabetics with PN. An 
oral daily dose of 600 mg ALA for three months re-
sulted in reversal from symptomatic to asymptomatic 
neuropathy; five patients had no signs of neuropathy 
based on symptom evaluation or NCV.53

A small study of 10 subjects with diabetic PN 
found 600 mg I.V. ALA for three weeks resulted in 
improved nerve function as well as decreased symp-
tom scores. In this study, nerve microcirculation was 
examined by measuring capillary blood cell velocity 
(CBV). In normal healthy volunteers, cooling of one 
hand results in a decrease in CBV in the contralateral 
hand. In this small sample of 10 subjects no such re-
action occurred. However, after three weeks of ALA 
treatment, response to cooling was observed with sig-
nificant reduction in CBV. In addition, there was a 
significant reduction in neuropathy symptom scores.54 
In another small study of diabetics with PN, some of 
these same researchers further confirmed that one of 
the mechanisms of action of ALA involves improved 
microcirculation to the nerves, and that this effect oc-
curs acutely, even after one I.V. infusion of ALA.55

A Russian study found ALA was most effec-
tive in patients with mild neurological symptoms and 
a short history of diabetes.56 ALA has also been found 
to be effective for diabetics with cardiac autonomic 
neuropathy57 at an oral dose of 800 mg daily for four 
months, and for diabetic mononeuropathy of the cra-
nial nerves58 at a dose of 600 mg I.V. for 10 days fol-
lowed by 600 mg/day orally for 60 days.

Mechanisms of Action of ALA for the 
Treatment of Diabetic  PN

A clinical study was conducted to determine 
the effect of ALA on nitric oxide production in 16 
individuals with diabetic neuropathy. Prior to ALA 
supplementation total plasma concentrations of ni-
trates and nitrites – a reflection of NO production 
– were two-fold lower in diabetic subjects than in 
healthy volunteers. ALA supplementation – 600 mg 
I.V. five days/week and 600 mg orally on weekends 
for three weeks, followed by 600 mg ALA orally for 

the remaining 20 days – resulted in normalization 
of NO metabolite levels as well as improvement in 
clinical symptoms and electrophysiological signs of 
neuropathy.59 Theoretically, increased NO production 
would result in increased circulation to the neurons.

Several in vitro and animal studies have 
helped elucidate the mechanisms of action of ALA 
for diabetic PN. In an in vitro study, sciatic nerve was 
incubated in glucose, resulting in a four-fold increase 
in lipid peroxidation. Addition of ALA as the R(+) 
form, the S(-) form, or the racemic mixture resulted 
in significant reductions in lipid peroxidation as mea-
sured by TBARS. There were no differences in ef-
fectiveness of the various forms of ALA.60 Another 
in vitro study confirmed ALA’s effect on decreasing 
lipid peroxidation in a high-glucose environment. In 
addition, ALA was found to decrease protein glyco-
sylation (measured by glycosylated hemoglobin) and 
increase (Na+/K+)-ATPase activity.61 The effect of 
ALA on lipid peroxidation was confirmed in a study 
of people with diabetic PN. A daily dose of 600 mg 
ALA for 70 days resulted in significant reductions in 
serum lipid peroxides that had been elevated com-
pared to non-diabetic controls.62

Several studies examining the mechanism of 
ALA have been conducted on streptozotocin-diabetic 
rats with neuropathy. ALA was found to increase glu-
cose uptake by nerve cells,63 nerve myo-inositol,63,64 
glutathione levels,64,65 (Na+/K+)-ATPase activity,64 
and nerve blood flow,65 and normalize NAD:NADH 
ratios.64

Acetyl-L-Carnitine (ALC)/L-Carnitine 
ALC for Treatment of Peripheral 
Neuropathy Associated with HIV

Infection with HIV has been associated with 
a secondary deficiency of the amino acid L-carnitine. 
This deficiency may be due to malabsorption and 
other gastrointestinal disturbances, renal loss, shifts 
in metabolism,66 and use of antiretroviral drugs.67

Antiretroviral drugs are a major cause of 
peripheral neuropathy in HIV-positive individu-
als, potentially due to a drug-induced deficiency of 
L-carnitine or ALC. As mentioned previously, se-
vere axonal peripheral neuropathy can occur in sub-
jects treated with the nucleoside analogues ddI, ddC 
and d4T (d-drugs), probably due to their action of 
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reducing mitochondrial DNA content. In a non-ran-
domized study, serum L-carnitine and ALC levels in 
12 HIV-positive individuals, with axonal peripheral 
neuropathy on various combinations of ddI, ddC, and 
d4T, were compared to 21 subjects on ddI or zidovu-
dine (AZT) without neuropathy, 10 HIV-negative 
subjects with axonal or demyelinating autoimmune 
neuropathies, and 13 healthy individuals, the latter 
three groups serving as controls. Subjects with PN 
on antiretroviral d-drugs had significantly lower ALC 
levels compared to the control groups; there were no 
significant differences in L-carnitine levels among 
the groups.68

Another larger study did not support these 
findings. Free carnitine, ALC, and total carnitine were 
measured in a group of 232 HIV-positive individuals 
with PN. Although there were a significant number 
in the study group with lower total and free carni-
tine levels compared to healthy controls, there were 
no significant differences in ALC levels. There were 
also no significant differences between exposure to 
antiretrovirals or extent of neuropathy and carnitine 
levels.69

Although ALC deficiency in HIV-positive in-
dividuals with PN associated with d-drug antiretrovi-
rals remains an open question, preliminary evidence 
points to a potential therapeutic effect of ALC in this 
population. In a study of 21 HIV-positive subjects 
with PN, 1,500 mg oral ALC twice daily for up to 
33 months resulted in improved symptoms of neu-
ropathy in 76 percent of subjects. In addition, peri-
odic skin biopsies examining histological innervation 
found improvements beginning after six months of 
treatment.70

Another small, short-term study examined 
the effect of 500 mg or 1 g ALC administered I.V. or 
intramuscularly (I.M.) daily for three weeks to HIV-
positive individuals. Pain intensity was measured 
before and after treatment, and 10 subjects reported 
symptom improvement, five reported no change, and 
one reported a worsening of symptoms.71 Larger, 
long-term, placebo-controlled studies are indicated to 
determine the possible benefit of ALC for PN associ-
ated with HIV.

Potential mechanisms of action of ALC may 
include counteracting the drug-induced mitochon-
drial damage by direct antioxidant effects, promotion 

of free fatty acid transport across the mitochondrial 
membrane improving cellular energy metabolism, 
correcting a deficiency, or enhancing the response to 
nerve growth factor.70

ALC for the Treatment of Cancer 
Chemotherapy-induced Neuropathy

As mentioned previously, cancer chemother-
apy drugs, including the taxanes (paclitaxel, docetax-
el), platinum drugs (cisplatin, oxaliplatin, carbopla-
tin), and vinca alkaloids (vincristine, vinblastine) are 
associated with significant neurotoxicity, particularly 
if prescribed in high doses. The associated peripheral 
neuropathy can be disabling and can persist for years 
after discontinuation of the drug. Other cancer che-
motherapeutic agents with potential neurotoxicity are 
listed above in Table 1.

Acetyl-L-carnitine has been tested in clini-
cal and animal studies for the treatment of chemo-
therapy-induced peripheral neuropathy. In one study, 
26 patients with cisplatin- or paclitaxel-induced PN 
were given I.V. infusions of 1 g ALC daily for 10-20 
days. The severity of PN was assessed by the World 
Health Organization (WHO) Toxicity Grading List at 
baseline and at the end of treatment. All five cispla-
tin-treated patients experienced at least one grade im-
provement in neuropathy symptoms, while eight of 12 
patients in the paclitaxel group and eight of 10 in the 
combination paclitaxel/cisplatin group experienced 
at least one grade improvement in symptoms.72

Oral doses of ALC have also been found ef-
fective for chemotherapy-induced PN, although im-
provement may take longer than with I.V. or I.M. 
routes of administration. Twenty-five patients with pa-
clitaxel- or cisplatin-induced PN of grade 3 or greater 
during chemotherapy or grade 2 or greater persisting 
for at least three months post-chemotherapy, based on 
National Cancer Institute Common Toxicity Criteria 
(NCI-CTC), were given 1 g ALC three times daily 
for eight weeks. Sensory symptoms improved in 15 
of 25 patients (1 grade in nine; 2 grades in six); mo-
tor symptoms improved in 11 of 14 reporting motor 
neuron dysfunction. Symptomatic relief persisted 
long after discontinuation of ALC – for an average 
of 13 months in 12 of 13 surviving patients. In addi-
tion, significant improvement was noted in sensory 
nerve action potentials and sensory NCV in 21 and 
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22 subjects, respectively. The one patient in the study 
who experienced a worsening of symptoms was also 
receiving the drug vinorelbine.73

Several animal studies support the use of 
ALC for chemotherapy-induced PN and help elu-
cidate possible mechanisms for its benefit. In one 
study, nerve conduction velocity was compared 
in rats given cisplatin or cisplatin plus ALC and in 
another group of rats given paclitaxel or paclitaxel 
plus ALC. The decreases in NCV were significantly 
less in groups supplemented with ALC. In addition, 
ALC did not interfere with antitumor effects of the 
drugs.74 Another animal study found ALC prevented 
paclitaxel-induced neuropathy – an effect that lasted 
three weeks after discontinuation of ALC. In a sepa-
rate arm, ALC provided an analgesic effect for rats 
with already established neuropathy.75 Further animal 
studies have found acetyl-L-carnitine is protective 
against the neurotoxicity of oxaliplatin,76 cisplatin,77 
and vincristine,77 without interfering with their anti-
tumor effects.76,77

Although the pathogenesis of neurotoxicity 
associated with cancer chemotherapy drugs is largely 
unknown, cisplatin appears to affect nerve growth 
factor (NGF). One research group found cisplatin 
reduced circulating levels of NGF in rats, levels of 
which seemed to reflect the extent of neurological 
damage.78 In an animal model, ALC modulated cis-
platin-induced decreases in NGF,74 and in vitro ALC 
potentiated the effect of NGF,74 providing a potential 
mechanism for ALC’s benefit for chemotherapy-in-
duced PN.

ALC/L-Carnitine for the Treatment of 
Diabetic Peripheral Neuropathy

Clinical studies point to a possible L-carni-
tine and/or ALC deficiency in diabetic PN. In a clini-
cal investigation, 24 type 2 diabetics with complica-
tions were compared to 15 type 2 diabetics without 
complications. Serum free and total carnitine levels 
were found to be significantly lower in individuals 
with diabetic complications, including PN; there 
were no differences in ALC levels.79

Another study compared L-carnitine and 
ALC levels in peripheral nerves of 11 people with 
diabetic PN to levels in nerves from 13 people with 
ischemic non-diabetic neuropathy and 11 normal 

controls. Although both groups with PN demonstra-
ted decreased L-carnitine and ALC compared to con-
trols, the differences did not reach statistical signifi-
cance, leading the authors to speculate that carnitine 
deficiency may be one, but not the primary, factor in 
diabetic PN.80

In a double-blind, placebo-controlled, mul-
ticenter trial, 333 subjects with diabetic neuropathy 
were given ALC or placebo for one year. ALC at a 
dose of 1,000 mg was administered I.M. for the first 
10 days followed by an oral dose of 2,000 mg daily 
for the remaining 355 days. Nerve conduction veloci-
ties, amplitudes, and pain symptoms using a visual 
analog scale (VAS) were assessed at baseline and at 
six and 12 months. At 12 months, NCV, amplitude, 
and VAS pain scores were significantly better in the 
ALC group compared to placebo; pain scores were re-
duced from baseline by 39 percent in the ALC group 
and eight percent in the placebo group.81

Another larger study consisted of two multi-
center, parallel, double-blind, placebo-controlled tri-
als using the same protocol – 500 mg or 1,000 mg oral 
ALC or placebo three times daily for one year. One 
study consisted of centers in the United States and 
Canada (UCS) while the other study was conducted 
in centers in the United States, Canada, and Europe 
(UCES), with a total of 1,346 subjects. Results of the 
two studies were analyzed individually and as pooled 
cohorts. Vibrational sensation was significantly im-
proved in the fingers at both 500- and 1,000-mg dos-
ages of ALC three times daily, but in the toes only in 
the 1,000-mg dosage in the UCS group. In the UCES 
group, the only improvement in vibrational sense oc-
curred in the toes with the dosage of 1,000 mg ALC 
three times daily. In the pooled cohorts of UCS and 
UCES, greater improvement in clinical symptoms 
was noted in both ALC groups compared to place-
bo. In the 27 percent of subjects who reported pain 
at baseline, 1,000 mg ALC three times daily resulted 
in significant improvements in pain in the UCS and 
pooled cohorts, but not in the UCES. When analyzed 
by subgroup it was determined the UCES had more 
subjects with type 1 diabetes and longer duration of 
neuropathy compared to the UCS. ALC appeared to 
work more effectively in patients with type 2 diabetes 
and a shorter duration of neuropathy.82
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In a study of 51 children with type 1 dia-
betes, L-carnitine was supplemented at a dose of 2 
g/m2/day for two months. NCV and neurological 
exams were performed at baseline and at the end of 
treatment. Children with abnormal NCV but normal 
neurological exams exhibited improvement in nerve 
conduction velocity, whereas those with abnormal 
neurological exams exhibited no such improvement. 
Autonomic neuropathy measured by sympathetic 
skin response was improved in both groups.83 Animal 
studies found acetyl-L-carnitine may benefit cardiac 
autonomic neuropathy84 and gastrointestinal auto-
nomic neuropathy.85

Animal studies have confirmed the clinical 
affects of ALC for diabetic PN and helped determine 
potential mechanisms of action. In a study of diabetic 
rats given either ALC or sorbinil (an aldose reductase 
inhibitor drug), both were associated with improve-
ments in NCV, decreases in malondialdehyde of sci-
atic nerve (a sign of reduced lipid peroxidation), and 
normalized myo-inositol content; sorbinil, but not 
ALC, reduced nerve sorbitol levels.86 Another study 
found similar results, with ALC increasing nerve 
myo-inositol and free carnitine levels without affect-
ing sorbitol accumulation.24 Another study found defi-
ciencies of ALC in diabetic rats resulted in decreased 
(Na+/K+)-ATPase activity and myo-inositol levels.87

Another esterified form of L-carnitine, pro-
pionyl-L-carnitine (esterified with propionic acid in-
stead of acetic acid as in the case of ALC), also im-
proved nerve conduction and sciatic nerve blood flow 
in streptozotocin-diabetic rats.88

Vitamin E
Vitamin E for the Treatment of Diabetic 
Peripheral Neuropathy

Oxidative stress appears to play a significant 
role in peripheral neuropathy, particularly in the case 
of PN due to diabetes. In a double-blind, placebo-con-
trolled trial, 21 type 2 diabetics with PN were given 
either 900 mg vitamin E (n=11) or placebo (n=10) for 
six months. Electrophysiological parameters of nerve 
function, examined at baseline and at the end of the 
study, found significant improvement in two of 12 pa-
rameters – median motor NCV and tibial motor nerve 
distal latency – in the vitamin E group compared to 
placebo.89

In an animal study of streptozotocin-diabetic 
rats, depletion of vitamin E resulted in a depletion of 
reduced glutathione in nerves of diabetic and normal 
rats and an induction or aggravation of abnormalities 
in nerve conduction, particularly in sensory nerves.90

Vitamin E for the Prevention and Treatment 
of Chemotherapy-induced Peripheral 
Neuropathy

Cisplatin might induce a vitamin E deficien-
cy that may be a cause of the neurotoxicity associ-
ated with this chemotherapy drug. Plasma vitamin 
E levels were found to be low in five patients who 
had developed severe neuropathy following cisplatin 
treatment. Two and four cycles of cisplatin also were 
found to significantly decrease plasma vitamin E lev-
els in another group of five patients in whom vitamin 
E levels were measured at baseline and after cisplatin 
treatment.91

In a study evaluating the effect of vitamin E 
on attenuation of cisplatin neurotoxicity, 13 patients 
received cisplatin plus 300 mg vitamin E daily; 14 
received cisplatin alone. Vitamin E was administered 
orally prior to onset of chemotherapy and continued 
for three months after cisplatin was concluded. The 
incidence (30.7% versus 85.7%) and severity of neu-
rotoxicity were significantly less in the group receiv-
ing vitamin E. Evaluation of vitamin E in a preclinical 
animal study found it did not interfere with the tumor 
inhibition or tumor growth delay of cisplatin.92

In two studies by the same researchers, pa-
tients on cisplatin or carboplatin, plus other chemo-
therapy drugs as the type of cancer indicated, were di-
vided into two groups – one receiving chemotherapy 
plus 300 mg vitamin E twice daily, the other chemo-
therapy only. Vitamin E was supplemented at com-
mencement of chemotherapy and for three months 
after chemotherapy was completed. In one trial 30 
patients completed the study (14 in the vitamin E-
plus-chemotherapy group and 16 in the chemothera-
py-only group);93 while in the second trial 31 patients 
completed the trial (16 in the vitamin E-plus-che-
motherapy group and 15 in the chemotherapy-only 
group).94 The extent of PN was evaluated in both stud-
ies by Neurological Symptom Score, Neurological 
Disability Score, and electrophysiological studies of 
nerve conduction and amplitudes of action potentials. 
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Significant differences in incidence of neurotoxicity 
were seen in both studies when comparing the vita-
min E-plus-chemotherapy groups to the chemother-
apy-only groups (3/14 versus 11/16 in one study;93 
4/16 versus 11/15 in the second study94).

In an identical study by the same research-
ers, the effect of vitamin E (300 mg twice daily) for 
prevention of paclitaxel-induced PN was examined. 
Thirty-two subjects (16 in each group) received ei-
ther vitamin E-plus-chemotherapy or chemotherapy 
alone. The incidence of neurotoxicity was three of 16 
in the vitamin E group and 10 of 16 in the chemo-
therapy-only group.95

Vitamin E for the Treatment of Other Types 
of Peripheral Neuropathy

Vitamin E deficiency is associated with sig-
nificant neurological pathology, including PN. There-
fore, a vitamin E deficiency should always be ruled 
out in cases of PN of unknown origin. In a case report, 
a 22-year-old man experienced severe demyelinat-
ing neuropathy. The only abnormality on laboratory 
examination was a significant deficiency of vitamin 
E with fasting serum total tocopherol level on high-
performance liquid chromatography (HPLC) mea-
suring 0.3 mg/L (normal 6.0-19.0 mg/L). The patient 
was started on 1,200 mg vitamin E daily in divided 
doses and followed for four years. Supplementation 
resulted in improvement but not complete resolution 
of nerve conduction abnormalities. Because all other 
fat-soluble vitamins were normal, broad-spectrum 
fat malabsorption was ruled out. The authors men-
tioned an isolated vitamin E deficiency could have 
been caused by a mutation in the autosomal recessive 
alpha-tocopherol transfer protein gene.96

Gastrectomy can also result in a vitamin E 
deficiency, which can in turn result in neuropathy. In 
a study of 11 postgastrectomy patients with vitamin 
E deficiency (10 with neurological complications), 
subjects were given 150-300 mg vitamin E daily, re-
sulting in improvement of neurological symptoms in 
nine of 10 subjects.97

Glutathione
Glutathione (GSH) for the Treatment of 
Oxaliplatin-induced Peripheral Neuropathy 

Fifty-two patients with advanced colorectal 
cancer on oxaliplatin chemotherapy were random-
ized to receive an I.V. infusion of glutathione or sa-
line (26 in each group) before each oxaliplatin cycle; 
12 patients dropped out (seven in the placebo arm and 
five in the GSH arm). After eight cycles, nine patients 
experienced clinical signs of neuropathy in the GSH 
group compared to 15 in the placebo group. When 
severity of neuropathy was assessed by NCI-CTC, 11 
of 19 in the placebo arm and two of 21 in the GSH 
arm had moderate-to-severe PN.98

The authors of the above study discussed glu-
tathione’s possible mechanism in reducing neurotox-
icity of platinum-based drugs. Reactive oxygen spe-
cies generated by platinum drugs result in neuronal 
cell death. GSH, as an ROS scavenger, may prevent 
such damage.98 The theory is supported by an in vitro 
study in which cisplatin induced apoptosis of mouse 
neurons, which was then prevented by preincubation 
with N-acetylcysteine, a precursor to GSH.99

Glutathione and ALA for the Treatment of 
Diabetic Peripheral Neuropathy

Because of the connection between oxidative 
stress and diabetic neuropathy, a preliminary animal 
study examined the effect of GSH or ALA in the pre-
vention and treatment of diabetic PN. In streptozoto-
cin-diabetic rats, intraperitoneal ALA but not GSH 
partially reversed the decreased sciatic nerve blood 
flow initiated by diabetes. Interestingly, ALA but not 
GSH increased RBC GSH levels. Elevated levels of 
malondialdehyde (a sign of oxidative stress) were 
partially reversed by ALA and GSH; nerve conduc-
tion velocity was not affected by ALA or GSH.100

Thiamine/Benfotiamine
A vitamin B1 (thiamine) deficiency, which 

can be due to various underlying causes, is known 
to be a factor in peripheral neuropathy. For example, 
gastrectomy is associated with thiamine deficiency 
and resultant PN. A study comparing 17 postgastrec-
tomy PN patients with 11 subjects with thiamine-de-
ficiency neuropathy due to dietary imbalances found 
the clinical presentation was identical.101
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Benfotiamine is the most extensively studied 
form of thiamine for treatment of PN. Several clinical 
trials in healthy adults have demonstrated the superi-
or absorption and bioavailability of this lipid-soluble 
thiamine analogue compared to several water-soluble 
thiamine salts.102-104 In addition, because of the lipo-
philic nature of benfotiamine, it may be more readily 
transported across cell membranes, including neu-
rons.

Benfotiamine/Thiamine for the Treatment of 
Diabetic Peripheral Neuropathy

In a double-blind, randomized, placebo-con-
trolled pilot study, 40 subjects (20 in each group) with 
diabetic PN were given two 50-mg tablets of benfo-
tiamine four times daily (400 mg total daily dose) or 
placebo for three weeks. Assessment was via neuro-
pathy symptom and vibration sensation scores from 
both physician and patient. A statistically significant 
improvement in the neuropathy score was reported in 
the treatment group compared to placebo. The most 
significant improvement reported was decrease in 
pain, although, there was no significant improvement 
in vibration perception measured by the tuning fork 
test.105

Several studies have investigated the effect of 
benfotiamine in combination with other B vitamins in 
the treatment of diabetic neuropathy. In one study, 30 
subjects received Milgamma (50 mg benfotiamine 
and 250 mcg B12 as cyanocobalamin per tablet) at a 
dose of two tablets four times daily for three weeks 
(total daily dose: 400 mg benfotiamine and 2,000 
mcg cyanocobalamin), followed by one tablet three 
times daily for nine weeks. The second group of 15 
subjects received a B-complex vitamin supplement at 
a dose of two tablets three times daily for the entire 
three months. Changes in pain severity and vibration 
perception thresholds were measured at baseline and 
at the end of the study. All Milgamma-treated patients 
experienced significant relief in neuropathic pain and 
dramatic improvement in vibration perception thresh-
olds, while subjects receiving a B-complex vitamin 
experienced only slight, non-statistically significant 
improvement.106

In a second six-week trial, 36 subjects with 
diabetic PN were divided into three groups of 12 each 
receiving: (1) Milgamma-N (40 mg benfotiamine, 

90 mg pyridoxine, and 250 mcg cyanocobalamin per 
capsule) at a dose of two capsules four times daily 
(320 mg benfotiamine, 720 mg pyridoxine, and 2,000 
mcg cyanocobalamin daily); (2) Milgamma-N at a 
lower dose of one capsule three times daily (120 mg 
benfotiamine, 270 mg pyridoxine, and 750 mcg cya-
nocobalamin daily); or (3) 50 mg benfotiamine three 
times daily. Neuropathy was assessed via pain and 
vibration sensation at baseline and after three and six 
weeks. Patients in all three groups reported benefi-
cial therapeutic effects, even at three weeks, with the 
most significant improvement reported by patients 
receiving the highest-dose benfotiamine.107

A double-blind, randomized, placebo-con-
trolled, 12-week study examined the effectiveness of 
another benfotiamine combination containing both 
vitamins B6 and B12 in 24 diabetic subjects with PN. 
A statistically significant improvement in NCV in the 
peroneal nerve was observed in the treatment group 
compared to placebo.108

Animal studies also confirm the benefit of 
benfotiamine for neuropathy in a rat model of dia-
betic PN.109,110 One study comparing the effect of wa-
ter-soluble thiamine with lipid-soluble benfotiamine 
found benfotiamine superior in preventing functional 
nerve damage and preventing formation of AGEs – a 
cause of diabetic PN.110

At least two in vitro studies confirm the effect 
of thiamine and benfotiamine on AGEs. Two studies 
found benfotiamine111,112 and one study found thia-
mine112 reduced the formation of AGEs in glucose-
incubated cells. Other in vitro studies have found 
benfotiamine or thiamine decreased glucose-induced 
apoptosis of endothelial cells113 and decreased polyol 
accumulation by inhibition of aldose reductase ex-
pression.114

Benfotiamine for the Treatment of Alcohol-
related Peripheral Neuropathy

Chronic alcoholics commonly develop a thi-
amine deficiency, resulting in peripheral neuropathy 
and other health problems. A deficiency of vitamin B1 
in this population can be due to inadequate dietary in-
take, reduced capacity for hepatic storage, inhibition 
of intestinal transport and absorption, or decreased 
formation of the active coenzyme form. An animal 
study found chronic alcohol consumption by rats 
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resulted in a significant depletion in thiamine diphos-
phate (TDP) – the active coenzyme form of thiamine. 
Supplementation with benfotiamine significantly in-
creased levels of TDP and total thiamine compared to 
supplementation with thiamine HCl.115

An eight-week, randomized, multicenter, pla-
cebo-controlled, double-blind study compared the ef-
fect of benfotiamine alone to a benfotiamine complex 
(Milgamma-N) or placebo in 84 alcoholic patients. 
Benfotiamine was given in a daily oral dose of 320 
mg (two 40-mg tablets four times daily) during weeks 
1-4, followed by 40 mg three times daily (120 mg to-
tal daily dose) during weeks 5-8. A second group re-
ceived Milgamma-N (providing a total daily dose of 
320 mg benfotiamine, 720 mg pyridoxine, and 2,000 
mcg cyanocobalamin) during weeks 1-4 and a total 
daily dose of 120 mg benfotiamine, 270 mg pyridox-
ine, and 750 mcg cyanocobalamin during weeks 5-8; 
a third group received placebo.116

Parameters measured included vibration 
perception in the great toe, ankle, and tibia; neural 
pain intensity; motor function and paralysis; sensory 
function; and overall neuropathy score and clini-
cal assessment. Although benfotiamine therapy was 
superior to Milgamma-N or placebo for all param-
eters, results reached statistical significance only for 
motor function, paralysis, and overall neuropathy 
score. Why the benfotiamine-alone group had better 
results than the Milgamma-N group, despite the fact 
that the benfotiamine dosage was equivalent, is not 
completely understood. The authors hypothesized vi-
tamins B6 and B12 might have competed with the 
effects of vitamin B1 in the Milgamma-N group. On 
the other hand, in the case of diabetic neuropathy, the 
positive effects of the combination may be due to the 
fact that deficiencies of vitamins B1, B6, and B12 are 
all implicated in its possible pathogenesis; whereas, 
alcoholic neuropathy is associated with only vitamin 
B1 deficiency.

A small Russian study also found benefit 
of benfotiamine for alcoholic neuropathy. Fourteen 
chronic alcoholic men with polyneuropathy were 
given 450 mg benfotiamine daily for two weeks, fol-
lowed by 300 mg daily for an additional four weeks; 
regression of neuropathy symptoms was observed. A 
more in-depth report of the results is not possible be-
cause only the abstract is in English.117

Methylcobalamin for the Treatment of 
Peripheral Neuropathy
Vitamin B12 Deficiency Neuropathy 

Vitamin B12 deficiency has been associated 
with significant neurological pathology, including 
peripheral neuropathy. Testing serum metabolites 
such as methylmalonic acid and homocysteine can 
help clinically identify individuals at risk for a de-
ficiency-associated neurological syndrome.118 One 
of the mechanisms believed to be at play in vitamin 
B12 deficiency neuropathy is hypomethylation in 
the central nervous system. Inhibition of the B12-
dependent enzyme methionine synthase results in a 
fall in the ratio of S-adenosylmethionine (SAM) to 
S-adenosylhomocysteine;119 the resultant deficiency 
in SAM impairs methylation reactions in the myelin 
sheath. The methylation of homocysteine to methio-
nine requires both methylcobalamin (an active form 
of vitamin B12) and the active form of folic acid (5-
methyltetrahydrofolate).120 An animal model of B12 
deficiency neuropathy, however, does not support the 
hypomethylation theory.121

Animal studies help elucidate some of the 
potential mechanisms involved in vitamin B12-asso-
ciated neuropathies. Rats rendered B12 deficient by 
total gastrectomy were found to have elevated levels 
of the neurotoxic cytokine tumor necrosis factor-al-
pha (TNF-α) and decreased levels of neurotrophic 
epidermal growth factor and the neurotrophic cy-
tokine interleukin-6. Levels of these cytokines and 
growth factors were normalized by the administration 
of cobalamin.122

In an experimental animal model of acryl-
amide-induced neuropathy, an ultra-high dose of 
methylcobalamin was found to stimulate nerve re-
generation by up-regulating gene transcription. In a 
comparison of three groups, rats were given intraperi-
toneal methylcobalamin at a dose of 500 mcg/kg or 
50 mcg/kg body weight, while a third group received 
saline. Only the high-dose methylcobalamin group 
experienced regeneration of motor neurons.123
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Methylcobalamin for the Treatment of 
Diabetic Peripheral Neuropathy

In a four-month, double-blind, placebo-con-
trolled trial of type 1 and 2 diabetics with neuropathy, 
21 subjects were given oral methylcobalamin at a dose 
of 500 mcg three times daily (the authors presumably 
erroneously reported this dosage in mgs), while 22 
subjects received placebo. Significant improvements 
were reported for somatic and autonomic symptoms 
in the treatment group compared to placebo.124

A smaller study examined the effect of intra-
thecal injections of methylcobalamin in 11 subjects 
with type 2 diabetes. The study design was variable in 
that several patients had different dosage schedules. 
Each subject received 2,500 mcg methylcobalamin 
via injection with one or two more injections occur-
ring at one-month intervals. In addition, five subjects 
took 1,500 mcg/day oral methylcobalamin for one 
month; one subject got 500 mcg/day I.V. methylco-
balamin for one month; and three subjects received 
an additional injection one year after completion of 
the initial course. Subjects reportedly began to feel 
effects from several hours to several days after the 
initial injection – primarily involving a decrease in 
heaviness of the lower limbs and improved sensation. 
Benefits lasted from several months to four years. No 
changes in NCV were noted.125

Another study of 72 patients with diabetic 
PN found the combination of methylcobalamin and 
prostaglandin E1 was superior to either substance 
alone.126 A review of several clinical trials of the use 
of methylcobalamin alone or vitamin B12 (form not 
specified) combined with other B vitamins found 
overall symptomatic relief of neuropathy symptoms 
was more pronounced than electrophysiological find-
ings.127

In a study of 20 type 2 diabetics compared 
to 20 age-matched controls, serum vitamin B12 lev-
els were significantly lower in the diabetic group. 
Supplementation of 1,500 mcg/day methylcobalamin 
for two months resulted in improved vibratory per-
ception thresholds and heart rate variability (a sign 
of improvement in signs of autonomic neuropathy) in 
the diabetic group.128

Supplementation of vitamin B12 may ben-
efit diabetic PN by correcting a deficiency. While 
diabetes itself can result in vitamin B12 deficiency, 

metformin, an oral antihyperglycemic agent used to 
treat type 2 diabetes, may also cause vitamin B12 de-
ficiency.129

In streptozotocin-diabetic rats, methylcobal-
amin resulted in decreased demyelination and protec-
tion of nerve fiber density and size. The rats were ad-
ministered I.M. methylcobalamin at a very high daily 
dose of 500 mcg/kg body weight for 16 weeks.130

Methylcobalamin for the Treatment of 
Neuropathy Associated with Renal Failure

Uremia is associated with peripheral neuro-
pathy and is characterized by motor and sensory neuro-
pathy that begins distally and ascends as the condition 
worsens. In a study of nine patients on renal dialysis 
due to chronic glomerulonephritis, diabetes, or renal 
tuberculosis (six with uremic neuropathy; three with 
diabetic/uremic neuropathy), subjects were given 500 
mcg methylcobalamin I.V. three times weekly for six 
months. Due to poor renal excretion, serum vitamin 
B12 reached extremely high levels during the course 
of the study (mean, 72,000 pg/mL). Significant de-
crease in pain scores was experienced by six of nine 
subjects; NCV increased significantly.131

Methylcobalamin has also been found to ben-
efit uremics with autonomic neuropathy. In a group 
of eight dialysis patients with abnormal beat-to-beat 
heart rate variability, 1,500 mcg methylcobalamin 
daily for six months resulted in improvement of this 
sign of autonomic neuropathy – from variability of 
3.3 beats/minute at the beginning of the study to 5.8 
beats/minute after six months.132

Vitamin B12 deficiency has been reported 
in patients with renal failure, providing one poten-
tial cause for neuropathy in this population.132 In 
addition, accumulation of neurotoxic compounds is 
a likely cause, since dialysis or renal transplant can 
ameliorate the condition.133

Cyanide may be one of the neurotoxic me-
tabolites involved, as researchers have found a rela-
tionship between the severity of neuropathy as mea-
sured by vibrational sensation and tobacco smoking 
(a significant source of cyanide).133 Uremic patients 
were also found to have high levels of cyanide as 
measured by accumulation of thiocyanate, a detoxifi-
cation product of cyanide. Another method of detoxi-
fying cyanide is to utilize the pool of free cyanide to 



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Peripheral Neuropathy			  Review

Page 308		  Alternative Medicine Review u Volume 11, Number 4 u 2006

synthesize cyanocobalamin (a form of vitamin B12). 
These researchers found that administration of meth-
ylcobalamin resulted in increased cyanocobalamin 
and decreased levels of thiocyanate (a reflection of 
free cyanide levels). They theorized methylcobala-
min was providing the cobalamin substrate for utili-
zation of cyanide in cyanocobalamin synthesis. These 
same researchers had previously noted improved vi-
brational thresholds in this population of individuals 
when supplemented with methylcobalamin.133

Vitamin B12 Status in HIV-associated 
Neuropathy

Peripheral neuropathy was diagnosed in 34 
of 49 HIV patients (69%) referred to a neurology 
clinic for examination of vitamin B12 status. Abnor-
mal B12 status, defined by a serum level less than 
150 pmol/L or a Schilling test reflecting less than 
eight-percent absorption, was found in 29 percent of 
patients with PN compared to 20 percent in the group 
as a whole. Eighty percent of subjects with abnormal 
vitamin B12 status had progressed to AIDS. Five of 
eight patients who received parenteral vitamin B12 
therapy experienced clinical improvement in neuro-
pathy symptoms within one week of treatment.33

Another study examining 20 subjects with 
early-stage HIV infection found a five-percent inci-
dence of PN, but it was not associated with impaired 
vitamin B12 metabolism.34 Neuropathies in this pop-
ulation are often associated with antiretroviral drugs 
(see above).

Folate for the Treatment of Peripheral 
Neuropathy

In addition to folic acid’s involvement in vita-
min B12 metabolism, a folate deficiency can result in 
PN, independent of vitamin B12 status. In a series of 20 
subjects with abnormal neurological findings, 10 sub-
jects fit the diagnostic criteria for peripheral neuropa-
thy. The only abnormality detected was a low serum, 
RBC, or cerebral spinal fluid (CSF) folate level.134

In a Japanese study of 343 patients with vari-
ous neurological diseases, primarily axonal neuropa-
thy, 36 subjects (10.5%) demonstrated low serum 
folate levels. Supplementation with high-dose folate 
(15 mg/day) resulted in improvement in neurological 
symptoms in 24 of 36 subjects (67%).135

A folate deficiency may contribute to the 
pathogenesis of alcoholic peripheral neuropathy. In 
a study of 46 hospitalized alcoholics with PN, eight 
percent demonstrated low plasma folate levels two 
weeks after alcohol abstention. When functional fo-
late status was evaluated using the formiminoglu-
tamic acid (FiGlu) excretion test or the deoxyuridine 
suppression (dU) test, 50 percent of this population 
was found to be deficient.136

PN can be caused by several medications as-
sociated with folate deficiency, including sulfasala-
zine, methotrexate, antituberculosis drugs, anticon-
vulsants, and oral contraceptives.137 In a study of 51 
epileptic patients newly placed on anticonvulsants 
and followed for five years, no clinical signs of neu-
ropathy were noted, although 18 percent of the group 
taking phenytoin (and none in another group on car-
bamazepine) showed signs of slowed nerve conduc-
tion or decreased action potentials. Clinical and elec-
trophysiological signs of neuropathy were noted in 
six patients on chronic barbiturate therapy and in 10 
patients on chronic phenytoin.138 

Patients on longer-term anticonvulsant thera-
py appear to be more likely to exhibit signs of neu-
ropathy. In 29 epileptics on long-term therapy, all but 
three showed abnormalities in electrophysiological 
measurements of nerve function. Sensory nerve action 
potentials were reduced or absent in 76 percent of pa-
tients; all subjects had low serum and CSF folate lev-
els. These 19 patients were treated with either folinic 
acid (n=10) or folic acid (n=9) for one month with sig-
nificant reversal of nerve abnormalities; a greater ef-
fect was noted in the folinic acid group. The research-
ers theorized that folinic acid was able to raise levels 
of folate in the CSF slightly more than folic acid.139

Pyridoxine and Peripheral Neuropathy 
Vitamin B6 deficiency may be associated 

with the development of peripheral neuropathy. In 
addition, in the form of pyridoxine HCl, high doses 
of B6 have been implicated as a cause of PN.

Pyridoxine Deficiency Neuropathy 
Vitamin B6 deficiency PN has been studied 

in an experimental rat model. Morphometric analysis 
demonstrated decreased nerve fiber density and in-
creased axon-to-myelin ratio, indicative of peripheral 
neuropathy.140
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Medications, particularly isoniazid for tuber-
culosis, can result in pyridoxine-deficiency neuropa-
thy that can be prevented by simultaneous supple-
mentation with vitamin B6.141 Isoniazid appears to 
inhibit the activity of vitamin B6.142 PN associated 
with isoniazid therapy typically manifests as burning 
feet and can be reversed within a few weeks by 250 
mg pyridoxine daily.143

A study of patients with carpal tunnel syn-
drome (CTS), some with concomitant PN, found 
patients with PN (but not CTS without PN) demon-
strated abnormalities of pyridoxine metabolism as 
measured by erythrocyte glutamine oxaloacetic acid 
transaminase (EGOT) activity.144

PN associated with vitamin B6 deficiency is 
seen in patients with uremia. In a study of 66 dialysis 
patients, 12 experienced PN with a significant nega-
tive correlation between pyridoxal 5’ phosphate (P5P; 
the active form of vitamin B6) levels and PN symp-
toms. Supplementation of 30 mg vitamin B6 daily 
for one month resulted in increased levels of P5P and 
improvement in sensory abnormalities in eight of 12 
patients.145

Pyridoxine in the Treatment of Diabetic 
Peripheral Neuropathy

Pyridoxine may have application for the 
treatment of diabetic neuropathy, although studies 
have been limited and results equivocal. A study of 
50 patients (24 males and 26 females) with significant 
diabetic neuropathy found significantly lower levels 
of P5P in this population compared to age- and gen-
der-matched controls with diabetes but without neu-
ropathy.146 On the other hand, another study exam-
ining various vitamin levels in type 2 diabetics with 
or without neuropathy found no correlation between 
vitamin B6 levels and neuropathy. In fact, this study 
found no correlation between neuropathy and levels 
of any vitamins tested – vitamins A or E, beta caro-
tene, vitamins B1, B2, B6, B12, or folate.147

Despite possible low levels of P5P in indi-
viduals with diabetic neuropathy, intervention studies 
have been disappointing. In one double-blind, con-
trolled study 16 subjects received 25 mg pyridoxine 
daily while 14 subjects were given placebo. After three 
months, symptoms and neurological signs were as-
sessed. There were no significant differences between 

pyridoxine and placebo groups, with nine patients in 
each group demonstrating significant improvements. 
However, 16 of 30 subjects were initially low in P5P 
and of the 18 patients who experienced improvement, 
12 were low in P5P (eight in the pyridoxine group 
and four in the placebo group).148

Another double-blind study found no statisti-
cally significant difference between pyridoxine HCl 
supplementation or placebo for diabetic PN. Eighteen 
diabetic subjects with neuropathy were randomly as-
signed to 50 mg pyridoxine HCl three times daily for 
four months or placebo. Six of nine in the B6 group 
and four of nine in the placebo group experienced 
significant relief of symptoms. Only one patient had 
low P5P levels at the beginning of the study.149

It is possible that vitamin B6 will provide 
therapeutic value for the treatment of PN primarily 
in cases where a deficiency is evident. In addition, 
magnesium and riboflavin are needed for conversion 
of pyridoxine to active P5P in the liver. Diabetics are 
frequently deficient in magnesium; thus, supplement-
ing with active P5P might have resulted in improved 
outcomes.

In a study of 200 diabetic patients with pe-
ripheral neuropathy, 100 were randomly assigned to 
50 mg pyridoxine and 25 mg thiamine daily, while 
100 subjects were assigned to 1 mg of each vitamin 
for four weeks. Severity of PN symptoms decreased 
in 48.9 percent of subjects on higher-dose pyridoxine/
thiamine, compared to only 11.4 percent of subjects 
on 1 mg of each. Only thiamine levels were tested 
in this study and low levels were found to correlate 
with intensity of neuropathy symptoms. Therefore, 
the effect of pyridoxine in this study is difficult to 
assess.150

An in vitro study helps to illuminate a pos-
sible mechanism for pyridoxine in the prevention of 
diabetic PN. Both pyridoxine and its intermediate 
metabolite pyridoxamine were found to inhibit free 
radical formation, lipid peroxidation, and protein gly-
cosylation, and protect (Na+/K+)-ATPase activity – all 
mechanisms involved in diabetic PN – in RBCs ex-
posed to high glucose concentrations.151
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High-dose Pyridoxine May Cause Peripheral 
Neuropathy

During the 1980s and early 1990s a rash of 
case reports of peripheral neuropathy associated with 
high-dose pyridoxine appeared in the scientific lit-
erature. In most cases the dosages ranged from 1-5 
g daily. In one prospective study, 1 or 3 g pyridox-
ine was given to five healthy volunteers, resulting in 
symptomatic and electrophysiological changes in all 
subjects; those receiving the higher dose experienced 
earlier symptoms.152

Animal studies continue to examine neuro-
logical abnormalities induced by pyridoxine. For in-
stance, 1,200 or 600 mg/kg/day (a very high dose) to 
rats for 6-10 days results in necrosis of sensory neu-
rons, especially affecting large diameter neurons.153

Why there was a plethora of pyridoxine-tox-
icity reports 15-20 years ago, with a dearth of reports 
in recent years, remains a mystery. In addition, a 
mechanism of pyridoxine’s potential toxicity has not 
been offered. One study found a mere 25 mg pyridox-
ine daily for 10 days resulted in a decrease in folate 
levels in eight healthy volunteers, with no change in 
vitamin B12 levels.154 Is it possible high-dose vitamin 
B6 supplementation causes neuropathies because it 
negatively impacts levels of other B vitamins? The 
conventional wisdom that suggests the importance 
of taking the full range of B-complex vitamins may 
have application in this situation.

Biotin for the Treatment of Peripheral 
Neuropathy

The B vitamin biotin has application for the 
treatment of uremic neuropathy. It is hypothesized 
that renal failure and subsequent metabolic imbal-
ances result in impaired formation by the intestinal 
flora and absorption of biotin. In a small study, nine 
patients on dialysis suffering from PN were supple-
mented with a large dose of biotin – 10 mg daily 
in three divided doses – for 1-4 years. Marked im-
provements in paresthesia, restless legs, and diffi-
culty walking were noted in all patients within three 
months. One patient who had been unable to walk for 
three months improved significantly after six months 
of treatment, and at the time the study was submitted 
had been walking 2 km/day for two years.155

After using biotin successfully in dialysis pa-
tients, these same researchers began using it for pa-
tients with diabetic PN. In a case series, three subjects 
with severe diabetic neuropathy were supplemented 
with 10 mg biotin via I.M. injection daily for six 
weeks, followed by three times weekly for another 
six weeks; oral administration of 5 mg daily con-
tinued. Objective symptom improvement was noted 
within 4-8 weeks in all three patients. NCV was only 
slightly improved or not at all.156

The Application of Myo-inositol for 
Diabetic Peripheral Neuropathy

Myo-inositol is an important constituent 
of the phospholipids that make up nerve cell mem-
branes. Because low nerve myo-inositol levels have 
been observed in the pathogenesis of diabetic neu-
ropathy, the potential for supplementation has been 
explored. In an animal model of experimental diabet-
ic neuropathy, nerve myo-inositol levels were dimin-
ished, with subsequent decreases in (Na+/K+)-ATPase 
activity and NCV (by 25-30%), axonal atrophy, and 
demyelination; dietary myo-inositol prevented these 
signs of nerve degeneration.157 In another animal 
model, experimental diabetes induced a decrease in 
motor NCV. Supplementation of 500 mg myo-ino-
sitol/rat/day partially prevented this decrease, while 
supplementation with an analogue of myo-inositol 
– D-myo-inositol-1,2,6-trisphosphate – at a dose of 
24 mg/rat/day completely prevented a reduction in 
nerve conduction velocity.158

Sural nerve biopsies were conducted on 30 
male subjects – 10 with type 1 diabetes (five with 
clinical signs of diabetic neuropathy), 10 with im-
paired glucose tolerance, and 10 with normal glu-
cose tolerance. Nerve myo-inositol levels were sig-
nificantly lower in diabetics with neuropathy. Also, in 
subjects with normal or impaired glucose tolerance, 
high nerve myo-inositol levels were associated with 
nerve regeneration as illustrated by increased nerve 
fiber density.159

Despite myo-inositol’s potential to prevent 
or reverse the signs and symptoms of diabetic PN, 
clinical evidence has been limited. In a small, dou-
ble-blind, placebo-controlled, crossover trial, seven 
subjects with clinical signs of neuropathy (n=3) or 
subclinical neurophysiological signs (n=4) were 
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supplemented with 500 mg myo-inositol or placebo 
twice daily for 14 days and crossed over to the other 
group. Each group was on placebo for two 14-day 
intervals and myo-inositol for one 14-day interval. 
Action potentials in the median, sural, and popliteal 
nerves increased in amplitude by 76-, 160-, and 40-
percent, respectively, during myo-inositol supple-
mentation. No significant differences were noted in 
NCV during either myo-inositol or placebo supple-
mentation.160

In a double-blind study, 28 diabetics with 
early, subclinical neuropathy were supplemented 
with 2 g myo-inositol or placebo three times daily 
for two months. No significant changes were noted 
in NCV, vibratory perception, or amplitude of action 
potentials in either group after two months. Although 
blood and muscle tissue levels of myo-inositol were 
not found to be low, nerve myo-inositol levels were 
not evaluated.161

L-Glutamine for the Treatment of 
Chemotherapy-induced Peripheral 
Neuropathy

Paclitaxel is a chemotherapeutic agent asso-
ciated with PN. Neurological exams were conducted 
before and after paclitaxel (average interval between 
before-and-after evaluations was 32 days) in 12 pa-
tients supplemented with the amino acid glutamine 
and 33 patients who did not receive glutamine. L-
glutamine was supplemented orally at a dose of 10 
g three times daily for four days, beginning 24 hours 
after a high-dose paclitaxel cycle. Only eight percent 
of patients in the glutamine group experienced mod-
erate-to-severe pain in the fingers and toes compared 
to 40 percent in the no-glutamine group. Signs of 
PN in the form of decreased vibrational sense, motor 
weakness, ataxic gait, and sensory deficits were sig-
nificantly less prevalent in the glutamine group.162

Taurine for the Potential Treatment of 
Diabetic Peripheral Neuropathy

Several animal studies indicate the amino 
acid taurine may provide some benefit for prevention 
or treatment of PN due to diabetes. Taurine is defi-
cient in diabetes, particularly in the Schwann cells 
and vascular endothelium of nerves.163 Taurine may 

act as an osmolytic agent and inhibitory neurotrans-
mitter, resulting in modulation of pain perception. 
Theoretically, as high glucose results in sorbitol ac-
cumulation within the cell, taurine is depleted in the 
peripheral nerves, resulting in excitability and pain. 
One study of streptozotocin-diabetic rats found tau-
rine levels decreased by 31 percent and myo-inosi-
tol levels by 37 percent. When sorbitol accumulation 
was decreased by an aldose reductase inhibitor, tau-
rine levels increased by 22 percent.164 In another ani-
mal study, diabetes resulted in abnormal calcium-ion 
signaling. Taurine repletion resulted in normalization 
of intracellular calcium concentrations, with resultant 
diminution of pain.165 Other animal studies found tau-
rine decreased diabetes-induced nerve conduction and 
nerve blood flow deficits,166,167 and increased nerve 
growth factor and nerve ascorbate levels,163 at least in 
part via antioxidant mechanisms. Clinical studies are 
indicated to determine whether taurine can provide 
benefit to individuals with diabetic PN.

The Application of N-acetylcysteine 
(NAC) for Peripheral Neuropathy

The amino acid NAC may have application 
in the prevention or treatment of neuropathy. NAC is 
a potent antioxidant and helps to enhance glutathione 
levels.

Application of NAC for Diabetic Peripheral 
Neuropathy

Oral administration of NAC to streptozoto-
cin-diabetic rats resulted in prevention of diabetes-in-
duced deficits. Motor nerve conduction velocity was 
significantly decreased by diabetes; NAC reduced the 
decrease in NCV and inhibited atrophy of myelinated 
fibers.168 In another study, experimentally-induced 
diabetes for two months in rats resulted in 20-per-
cent reduction in NCV and 48-percent reduction in 
endoneurial blood flow; both were largely corrected 
by NAC supplementation.169 Clinical studies are war-
ranted to determine NAC’s application for treatment 
of diabetic PN.
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NAC for the Treatment of Chemotherapy-
induced Peripheral Neuropathy

A mechanism of cisplatin chemotherapy-in-
duced PN was elucidated in an in vitro mouse model. 
Apoptosis of neurons was induced by cisplatin, but 
preincubation with NAC completely blocked apop-
tosis; incubation with vitamin E partially blocked 
apoptosis.99

A small pilot study was conducted to deter-
mine the effect of NAC on oxaliplatin-induced neu-
ropathy. Fourteen stage III colon cancer patients were 
randomly assigned to 1,200 mg oral NAC or placebo 
daily. Neurological evaluations were conducted at 
baseline and after four, eight, and 12 cycles of che-
motherapy. After four cycles, two of five in the NAC 
group and seven of nine in the placebo group expe-
rienced neuropathy; after eight cycles no one in the 
NAC group experienced neuropathy compared to five 
of nine in the placebo group. Only one in the NAC 

group, but eight of nine in the placebo group, experi-
enced neuropathy after 12 cycles.170

Table 2 summarizes the potential nutrients 
for prevention and treatment of chemotherapy-in-
duced neuropathy.

Minerals for the Treatment of Diabetic 
Peripheral Neuropathy
Magnesium

Plasma magnesium levels have been found to 
be significantly lower in diabetic subjects compared 
to controls.171,172 Despite the fact magnesium may 
be the most common mineral deficiency in diabetes, 
its clinical significance for peripheral neuropathy is 
unknown. An animal study found oral magnesium 
supplementation to diabetic rats resulted in decreased 
pain measured by thermal pain thresholds.173

Table 2.  Summary of Nutrients for the Treatment of Chemotherapy-induced Peripheral Neuropathy

Acetyl-L-carnitine

Vitamin E or nothing

Glutathione or saline

L-Glutamine or nothing

N-acetylcysteine or 
placebo

Cisplatin, paclitaxel, 
or both

Cisplatin or paclitaxel

Cisplatin

Cisplatin or 
carbaplatin

Oxaliplatin

Paclitaxel

Oxaliplatin

Uncontrolled; 
n=26; 10-20 
days  

Uncontrolled; 
n=25; 8 weeks

Controlled; 
n=27; 3 months

Two controlled 
trials; n=30/31; 
3 months

RCT; n=40 
completers

Controlled; 
n=45 (12 
glutamine; 33 
no glutamine)

RCT; n=14; 
12 cycles of 
chemotherapy

I.V.

Oral

Oral

Oral

I.V.

Oral

Oral

Nutrient Intervention Chemotherapy Trial 
Route of 
Administration

To benefit the clinician, only positive clinical studies have been included in this table.
RCT=randomized, controlled trial

1,000 mg

3,000 mg

300 mg

600 mg

Dosage not 
specified

30 g for 4 days 
after each chemo 
treatment

1,200 mg

Daily Dosage
Range 
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Table 3. Summary of Nutrients for the Treatment of Diabetic Peripheral Neuropathy

alpha-Lipoic acid or 
placebo

alpha-Lipoic acid

Acetyl-L-carnitine or 
placebo

Vitamin E or placebo

Benfotiamine or placebo

Benfotiamine plus 
cyanocobalamin 
(Milgamma) or B-complex

Benfotiamine, pyridoxine, 
and cyanocobalamin 
versus benfotiamine alone

Methylcobalamin or 
placebo

Methylcobalamin or 
nothing

Zinc sulfate or placebo

RCT; n=328; 3 weeks

RCT; n=65; 2 years

RCT; n=509; 
7 months

RCT; n=120; 
5 days/week for 14 
treatments

Small RCT; n=24; 
3 weeks

Small uncontrolled; 
n=26; 3 months

RCT; n=333; 1 year

2 multicenter RTCs; 
n=1,346; 1 year

Small RCT; n=21; 
6 months

RCT; n=40; 3 weeks

Comparative trial; 
n=30 Milgamma; 
n=15 B-complex; 
3 months

Open trial; n=36 
(12/group); 6 weeks

RCT; n=43; 4 months

Matched controls; 
n=40; 2 months

RTC; n=30

I.V.

I.V. for 5 days 
followed by oral

I.V. for 3 weeks 
followed by oral

I.V. 

Oral

Oral

I.M. for 10 days 
followed by oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

600-1,200 mg 

600-1,200 mg 

600 mg (I.V.); 1,800 mg (oral)

600 mg 

1,800 mg 

600 mg 

1,000 mg (I.M.); 2,000 mg 
(oral)

1,500-3,000 mg 

900 mg 

400 mg 

400 mg benfotiamine and 
2,000 mcg cyanocobalamin 
(3 weeks), followed by 150 mg 
benfotiamine and 750 mcg 
cyanocobalamin (9 weeks)

320 or 120 mg benfotiamine, 
720 or 270 mg pyridoxine, and 
2,000 or 750 mcg 
cyanocobalamin versus 150 
mg benfotiamine 

1,500 mcg 

1,500 mcg

660 mg (267 mg 
elemental zinc)

Intervention Clinical Trials
Routes of 
Administration Daily Dosage Range

To benefit the clinician, only positive clinical studies have been included in this table.
RCT=randomized, controlled trial
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Zinc
A clinical study examined the effect of zinc 

for parameters of blood sugar control and peripheral 
neuropathy in 50 subjects. Thirty diabetics with PN 
were supplemented with 660 mg zinc sulfate (267 
mg elemental zinc) daily or placebo (equal number in 
each group) for six weeks and compared to a group 
of 20 healthy controls. Serum zinc levels were sig-
nificantly lower at the beginning of the study in both 
groups with diabetes compared to controls. NCV 
in the median and peroneal nerves significantly in-
creased in the group supplemented with zinc. In ad-
dition, significant improvements in fasting and post-
prandial blood sugar were noted in the zinc group 
compared to the diabetics taking placebo.174

Chromium
A chromium deficiency, seen in particular in 

patients on total parenteral nutrition, can cause a pe-
ripheral neuropathy associated with impaired glucose 
tolerance.175,176 Infusion of as little as 250 mcg chro-
mium daily for three weeks reversed abnormal nerve 
conduction.176

Table 3 summarizes the most promising nu-
trient treatment options for diabetic PN.

Essential Fatty Acids for Peripheral 
Neuropathy
Gamma-linolenic Acid (GLA) for the 
Treatment of Diabetic Peripheral 
Neuropathy 

Diabetics appear to have impaired conver-
sion of linoleic acid to GLA, apparently due to faulty 
desaturase enzyme activity.177 Because metabolites of 
GLA are essential for nerve membrane structure and 
blood flow, a deficiency could contribute to the devel-
opment of neuropathy.

Clinical studies of GLA for PN have been 
limited to two, in which evening primrose oil (EPO) 
was used. In a preliminary, double-blind study, 22 pa-
tients with diabetic neuropathy were assigned to 360 
mg GLA (n=12) or placebo (n=10) for six months. 
Subjects on GLA exhibited significantly better neu-
ropathy scores, NCV, and action potentials compared 
to placebo.178

In a subsequent, multicenter, double-blind, 
placebo-controlled trial, 84 subjects with mild dia-
betic neuropathy were given 480 mg GLA from EPO 
(n=44) or placebo (n=40) daily for one year. Thirteen 
of 16 parameters of neurological function, including 
NCV, improved in the GLA group, while the placebo 
group deteriorated.179 While the results of these two 
studies appear promising, one of the centers involved 
in the multicenter study was determined by the Gen-
eral Medical Council in Great Britain to have used 
fraudulent research techniques by falsifying results. 
This center raised suspicions when a clear benefit of 
EPO was reported, while the other centers found little 
or no difference between EPO and placebo.180,181

Animal studies lend some support for use of 
GLA and elucidate its potential mechanisms in dia-
betic PN. In a study of streptozotocin-diabetic rats, 
diabetes resulted in decreased NCV, abnormal fatty 
acid phospholipid composition, and decreased (Na+/
K+)-ATPase activity. Supplementation of diabetic rats 
with 260 mg GLA daily, either at onset of diabetes 
for 12 weeks (preventive group) or after six weeks 
of diabetes for six weeks (reversal group), resulted in 
restoration of normal NCV in both the prevention and 
reversal groups and partial normalization of (Na+/K+)-
ATPase activity in the prevention group.182

Another animal study found GLA may im-
prove NCV and neuronal blood flow in diabetic PN. 
It compared the effect of GLA from EPO with GLA in 
a triglyceride form not found in EPO and found they 
were equally effective at improving NCV and blood 
flow; sunflower oil with no GLA had no effect.183

GLA and ALA in the Treatment of Diabetic 
Peripheral Neuropathy

One study examined the effects of EPO or 
ALA on NCV, nerve blood flow, and lipid parameters 
in streptozotocin-diabetic rats. While both EPO and 
ALA improved neuronal blood flow and NCV, ALA 
also improved signs of dyslipidemia, while EPO re-
sulted in increased dyslipidemia.184 In another animal 
study, a conjugate of ALA plus GLA worked better 
than either substance alone in improving NCV and 
neuronal circulation.185
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Omega-3 Fatty Acids in the Treatment of 
Peripheral Neuropathy

Similar to omega-6 fatty acids such as GLA, 
omega-3 fatty acids are also essential for healthy nerve 
cell membranes and blood flow. A clinical study of 
21 type 2 diabetics with symptoms and signs of neu-
ropathy found 1,800 mg eicosapentaenoic acid (EPA) 
daily for 48 weeks significantly decreased symptoms 
of coldness and numbness and improved vibrational 
perception; improvement in vibratory threshold pla-
teaued at 12 weeks. Circulation, measured in the dor-
sal pedis artery, and lipid profiles also significantly 
improved.186

A study in diabetic rats found fish oil, com-
pared to olive oil, increased NCV, improved (Na+/
K+)-ATPase activity, and prevented histological signs 
of nerve degeneration such as demyelination and ax-
onal degeneration.187

The omega-3 fatty acid, docosahexaenoic 
acid (DHA), was isolated in phospholipid liposomes 
and fed to diabetic rats at a dose of 60 mg/kg body 
weight. Eight weeks of diabetes led to significant 
decreases in NCV, nerve blood flow, and (Na+/K+)-
ATPase activity in sciatic nerve and RBCs. DHA 
completely prevented the decreases in blood flow and 
NCV; it improved (Na+/K+)-ATPase activity in RBCs 
but not sciatic nerve. These researchers hypothesized 
that DHA might work better than a combination of 
DHA and EPA because EPA might interfere with the 
beneficial effects of omega-6 fatty acids.188 Since this 
study did not compare the two, this is merely conjec-
ture.

A Topical Flavonoid-Vitamin Complex 
for the Treatment of Peripheral 
Neuropathy

A topical compound called QR-333 was stud-
ied in a double-blind trial of 34 individuals with neu-
ropathy due to type 1 or 2 diabetes. The compound, 
consisting of quercetin, ascorbyl palmitate, and vi-
tamin D3, was formulated because the flavonoid 
quercetin is an aldose reductase inhibitor, vitamin C 
in a fat-soluble form could enhance its free radical 
scavenging effects in the lipophilic environment of 
neural tissue, and a synthetic analogue of vitamin D3 
has been shown in vitro to enhance nerve growth fac-
tor. Twenty-three subjects received the active cream 

while 11 received placebo three times daily for four 
weeks. Reduction in total symptom score was statisti-
cally significant for the treatment group compared to 
placebo, with particular improvement in numbness, 
irritation from socks or bedding, and jolting pain. It 
should be noted, however, there was also a trend to-
ward improvement in the placebo group. Since the 
placebo group was smaller than the treatment group, 
statistical significance would have been more diffi-
cult to achieve.189

Herbal Treatments for Peripheral 
Neuropathy
St. John’s Wort for the Treatment of 
Peripheral Neuropathy

Because tricyclic antidepressant medications 
are used for PN, a study was conducted to deter-
mine whether St. John’s wort (Hypericum perfora-
tum) would have a similar effect. In a randomized, 
double-blind, placebo-controlled, crossover study, 54 
patients (49 completed, including 18 diabetics and 29 
non-diabetics) were given three tablets of St. John’s 
wort containing 900 mcg hypericin/tablet (equiva-
lent to 300 mg of a 0.3-percent hypericin extract per 
tablet) or placebo daily for five weeks, then crossed 
over to the other treatment. Four pain symptoms were 
evaluated – constant pain, lancinating pain events, 
touch-evoked pain, and pressure-induced pain. A 
trend toward improved overall pain scores was noted, 
although no significant differences were achieved 
with any individual pain index. Nine individuals in 
the treatment group and two in the placebo group 
experienced moderate to complete pain relief.190 The 
dosage used in this study is the lowest dosage typi-
cally recommended for the treatment of depression. 
When using conventional treatments such as gaba-
pentin, higher-end dosages are typically required for 
treatment of neuropathy. Therefore, a study employ-
ing double the dosage used in this study is recom-
mended.

Topical Capsaicin Cream for the 
Treatment of Peripheral Neuropathy

Numerous studies have evaluated the effect 
of capsaicin cream for the treatment of peripheral 
neuropathy. Capsaicin is an active principal of the 
herb Capsicum officinalis and is believed to stimulate 
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afferent C-fibers (fibers in the mechano-heat class). 
The initial stimulation of C-fibers results in burning 
and irritation that stimulates release of substance P 
(a pain-relieving neuropeptide) and other neuropep-
tides. Repeated exposures result in a diminution of 
the initial burning and irritation and a long-lasting 
analgesic effect.191

Capsaicin for the Treatment of Diabetic 
Peripheral Neuropathy

The majority of studies of capsaicin cream 
for PN have been conducted in individuals with dia-
betes. In a large, multicenter, double-blind, placebo-
controlled trial conducted by The Capsaicin Study 
Group, 277 subjects entered the study, 252 continued 
for at least two weeks, and 219 completed the eight-
week trial. Subjects applied 0.075-percent capsaicin 
cream (n=100 completers) or placebo cream (n=119 
completers) four times daily and were evaluated at 
two-week intervals for eight weeks. Pain was as-
sessed via physician assessment as well as patient-
driven VAS. Statistically significant improvements 
were noted in physician global assessment (69.5% 
versus 53.4%), pain intensity (38.1% versus 27.4%), 
and degree of pain relief (58.4% versus 45.3%) in the 
capsaicin versus placebo groups, respectively; statis-
tically significant differences started during the fourth 
week.192 Effect on daily activities was also assessed, 
and statistically significant improvements in walking, 
working, sleep, and participation in recreational ac-
tivities were noted in the capsaicin group compared 
to placebo.193

In a smaller double-blind study, 54 (49 com-
pleters) subjects with type 1 or 2 diabetes and moder-
ate-to-severe pain that interfered with sleep or daily 
activities applied 0.075-percent capsaicin cream 
(n=28; 24 completers) or placebo cream (n=26; 25 
completers) to painful areas four times daily for eight 
weeks (same protocol as the previous study). Pain 
was measured via VAS, physician global assessment, 
and effect on interference with daily activities. Af-
ter eight weeks, 89.5 percent of the capsaicin group 
and 50 percent in the placebo group experienced im-
provement; the average decrease in pain intensity was 
49.1 percent in the capsaicin group and 16.5 percent 
in the placebo group – statistically significant differ-
ences. The differences in pain assessment after two 

weeks were similar in both groups, indicating a need 
for continued use of capsaicin in order to experience 
pain relief.194

Another study using the same protocol as the 
above studies was conducted on 22 diabetics with 
PN (11 in each group). Decrease in pain intensity via 
VAS was 16 percent in the capsaicin group and 4.1 
percent in the placebo group. In an open-label con-
tinuation of the study (average follow-up 22 weeks), 
50 percent of subjects experienced improvement or 
complete amelioration of pain, 25 percent remained 
unchanged, and 25 percent worsened.195 Sensory 
function was tested in this same group of individu-
als and there were no differences between active or 
placebo in regard to sensations of vibration, warmth, 
or cold.196

Another eight-week, double-blind study com-
pared the effects of capsaicin cream to amitriptyline 
capsules in 235 patients with diabetic neuropathy. 
Subjects on capsaicin cream were given placebo cap-
sules and subjects in the amitriptyline group received 
placebo cream. Equal and statistically significant im-
provements in pain were noted in both groups. While 
no systemic side effects were reported in the capsai-
cin group, most on amitriptyline experienced at least 
one side effect, most commonly sleepiness, but also 
neuromuscular or cardiovascular side effects.197

To determine the mechanism of action of 
capsaicin, a study was conducted on 13 subjects with 
diabetic PN who used 0.05-percent capsaicin for eight 
weeks. Cream was applied to one foot while the other 
foot served as a control. In addition to pain scores 
and vibrational and thermal thresholds, serum levels 
of substance P were measured. Significant improve-
ments in total pain score and heat thresholds were 
noted in the treatment foot compared to the untreated 
foot, indicating very localized effects. Substance P 
levels increased initially during the first four weeks 
of the study, but declined to baseline by the end of 
the study, calling into question the long-term effect of 
capsaicin on substance P.198

The primary side effect reported by patients 
in the various capsaicin studies was burning at the 
site of application, sometimes resulting in dropout. 
In order to address the issue of topical irritation and 
to examine the effect of higher-concentration capsai-
cin, a study examined the use of highly concentrated 
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capsaicin (5-10%) in addition to regional anesthesia 
in 10 patients with intractable pain (three with neu-
ropathy – diabetic, HIV-associated, idiopathic). Al-
though two applications of the cream resulted in pain 
relief (significant in nine of 10), I.V. fentanyl had to 
be used to counteract the breakthrough burning as-
sociated with such a high concentration of capsaicin. 
Analgesic effects lasted from less than a week to more 
than 50 weeks. This treatment may provide relief for 
chronic, intractable pain and reduce dependence on 
opioids.199

Studies on topical treatments for diabetic PN 
are summarized in Table 4.

Capsaicin for the Treatment of HIV-
associated Peripheral Neuropathy

In a double-blind study, 26 patients with HIV-
related PN were given either 0.075-percent capsaicin 
cream (n=15) or identical placebo cream (n=11) and 
asked to apply the cream and record pain scores four 

times daily for four weeks. Dropout rate was high 
– 10 in the capsaicin group (five because of localized 
burning) and two in the placebo group. No statistically 
significant differences were noted between treatment 
and placebo groups in regard to any aspect of pain or 
quality of life during the course of the study.200 Due to 
the depletion of subjects – only five remained in the 
capsaicin group – this result is not surprising.

Acupuncture for the Treatment of 
Peripheral Neuropathy

Several studies have examined the effect of 
acupuncture for the treatment of various types of PN 
– diabetic, HIV-associated, chemotherapy-induced, 
and mixed etiologies. Some studies have been diffi-
cult to fully analyze as they are in foreign languages 
with just the abstract available in English.

One study involved 17 patients with chronic 
PN of unspecified etiologies. Subjects were treated 
with electroacupuncture twice weekly for four weeks. 

Table 4. Summary of Topical Treatments for Diabetic Peripheral Neuropathy

QR-333 (quercetin, ascor-
byl palmitate, and vitamin 
D3) or placebo cream

Capsaicin (0.075-percent 
capsaicin) or placebo 
cream

Capsaicin or placebo 
cream versus amitriptyline 
or placebo capsules

3 times daily for 
4 weeks

4 times daily for 
8 weeks

4 times daily for 
8 weeks

4 times daily for 
8 weeks/22 weeks

8 weeks

RCT

RCT

RCT

RCT (8 weeks); 
open label (average 
of 22 weeks)

RCT

n=34 (23 active; 
11 placebo)

n=219 completers

n=49 completers

n=22

n=235

Intervention
Frequency and 
Length of Trial Trial Type Number in Trial

To better support the clinician, only positive clinical studies are included in this table.
RCT=randomized, controlled trial
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VAS was used to assess intensity of continuous and 
intermittent pain and duration and number of attacks. 
Two weeks after the series of treatments, average 
continuous pain score was decreased by 32.9 percent 
and pain intensity by 59 percent; average number 
of attacks decreased from 4.2 to 2.2 per day. Three 
months after treatments were discontinued, pain in-
tensity was still decreased by 44 percent.201

Acupuncture for the Treatment of HIV-
associated Peripheral Neuropathy

Several studies have examined the effect 
of acupuncture for neuropathy associated with HIV 
infection. In a large-scale, placebo-controlled, mul-
ticenter, 14-week study of 250 patients, standard 
acupuncture, amitriptyline, or both were compared 
to placebo, control points, or both. Neither acupunc-
ture nor drug therapy was significantly more effective 
than placebo.202

In a very small, uncontrolled trial, seven HIV 
patients with antiretroviral-induced neuropathy were 
treated with electroacupuncture 20 minutes daily for 
30 days. Muscle-stimulated nerve amplitudes and 
physical strength increased with general improve-
ment in functional activity.203

In a case series, 21 subjects with HIV-as-
sociated PN received 30- to 45-minute acupuncture 
treatments twice weekly for five weeks. A significant 
reduction in pain, assessed by the Pain Rating Scale 
and Subjective Peripheral Neuropathy Screen, was 
noted post-treatment compared to pre-treatment for 
total overall pain score as well as symptoms of numb-
ness, pins and needles, and pain (aching, burning).204

Table 5 summarizes the most promising treat-
ments for HIV-associated PN.

Acupuncture for the Treatment of 
Chemotherapy-induced Neuropathy

Dose reduction or early termination of treat-
ment with neurotoxic chemotherapy drugs is often 
necessitated due to significant PN. A pilot study of 
five cases demonstrated encouraging results with the 
use of acupuncture to correct qi, blood, and yang de-
ficiencies in this population.205

Acupuncture for the Treatment of Diabetic 
Peripheral Neuropathy

In a study of 90 subjects with diabetic PN, 30 
received wrist-ankle acupuncture, 30 received whole-
body acupuncture, and 30 received conventional 

Table 5. Summary of Treatments for HIV-associated Peripheral Neuropathy

Acetyl-L-carnitine

Vitamin B12

Capsaicin or placebo 
cream

Acupuncture

Uncontrolled; n=21; 
up to 33 months

Uncontrolled; n=16; 
3 weeks

Uncontrolled; n=8 

RTC; n=26; 4 weeks

Small, uncontrolled; 
n=7; 30 days

Case series; n=21; 
5 weeks

Oral

I.V. or I.M.

I.V.

Topical

Electroacupuncture

Standard 
acupuncture

3,000 mg

500 or 1,000 mg

Dosage not specified

4 times daily

20 minutes daily

30-45 minutes, twice 
weekly

Intervention Trial
Routes of
Administration

Daily Dosage 
Range

To better support the clinician, only positive clinical studies are included in this table.
RCT=randomized, controlled trial
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medical treatment (control group). Both acupuncture 
groups experienced significantly better results than 
the conventional medical/control group.206

Forty-four individuals with diabetic PN were 
treated with six courses of acupuncture for a 10-week 
period. Thirty-four (77%) experienced significant 
symptom improvement, with seven subjects report-
ing complete elimination of symptoms. Patients were 
followed for 18-52 weeks and only eight individuals 
required additional treatment. Standard medications 
were used by 63 percent of subjects at the beginning 
of the trial and 67 percent of these patients were able 
to decrease or discontinue medications during the fol-
low-up period.207

In a series of 68 cases of diabetic PN treated 
with acupuncture, 43 individuals experienced marked 
improvement, 20 experienced some improvement, 
and five exhibited no improvement; overall signifi-
cant improvement in NCV was observed. The article, 
being in Chinese, was only available in English as 
an abstract; therefore, the number and frequency of 
treatments and specifically what symptoms were im-
proved is unknown.208

Magnets for the Treatment of 
Peripheral Neuropathy

It is hypothesized that electromagnetic fields 
may benefit PN by polarization of neurons that may 
be firing ectopically, resulting in neuropathy.209 Pulsed 
magnetic field therapy (strength of 20 gauss and fre-
quency of 30 Hz) was used to treat 24 subjects with 
PN of various etiologies – diabetes, chronic inflam-
matory demyelinating polyneuropathy, mercury poi-
soning, pernicious anemia, paraneoplastic syndrome, 
tarsal tunnel syndrome, and idiopathic sensory neu-
ropathy. The most symptomatic foot in each subject 
received treatment, while the contralateral foot served 
as a control. Subjects were evaluated after nine one-
hour consecutive treatments (weekends off) using 
VAS and Patient’s Global Assessment of Change. 
Average pain scores decreased by 21 percent at the 
end of nine treatments and by 49 percent at a 30-day 
follow-up assessment; all 24 subjects completed the 
study but only 15 were available for follow-up. The 
treatment was even more effective for more severe 
pain. Of 19 subjects with moderate-to-severe pain, a 
28-percent reduction in pain score was experienced 

Table 6. Physical Medicine for the Treatment of Diabetic Peripheral Neuropathy

Acupuncture

Magnets or placebo 

Yoga or no yoga

Controlled; n=90

Uncontrolled; n=44

Case series; n=68

RTC; n=375; 
4 months

Controlled; n=40; 
40 days

Wrist-ankle acupuncture (n=30); 
whole-body acupuncture (n=30); 
conventional medicine/control group 
(n=30)

Six courses of acupuncture for a 
10-week period

Not specified in abstract (article in 
Chinese)

Magnetic insoles or non-magnetized 
insoles (placebo)

30-40 minutes of yoga daily

Intervention Trial Description of Therapy

To better support the clinician, only positive clinical studies are included in this table.
RCT=randomized, controlled trial
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at the end of treatment compared to baseline; a 39-
percent reduction was observed between baseline and 
the end of the 30-day follow-up period.209

A large, multicenter (48 centers), double-
blind, placebo-controlled trial was conducted on 375 
individuals with diabetic PN. Subjects wore either 
multipolar, static, 450 G magnetic insoles or placebo 
(unmagnetized) insoles in their shoes for four months. 
VAS was used to assess numbness and tingling, burn-
ing, and quality of life, with significant decreases in 
burning, numbness and tingling, and foot pain on ex-
ercise reported during the third and fourth months of 
the study compared to baseline in the magnetic-insole 
group compared to placebo.210

Yoga for the Treatment of Diabetic 
Neuropathy

In a controlled trial, 20 subjects with type 
2 diabetes and mild-to-moderate neuropathy were 
treated with 30-40 minutes of yoga daily for 40 days. 
A group of 20 subjects matched for age and severity 
of disease serving as a control did not engage in yoga 
but were prescribed light exercise such as walking. 
NCV, assessed in the median nerve for both right and 
left hands, improved slightly in the yoga group (from 
52.81 to 53.87 in the right hand and 52.46 to 54.75 in 
the left hand). NCV in the control group continued to 
deteriorate.211

Table 6 summarizes physical medicine treat-
ments for diabetic PN.

Cutting-Edge Conventional 
Treatments for Peripheral Neuropathy

Some cutting-edge conventional approaches 
to PN are on the horizon – treatments that potentially 
do more than just mask symptoms. Several small, 
“dual-action” peptides have been shown to have neu-
rotrophic activity – C-peptide and islet neogenesis-
associated protein peptide (both from pancreatic pro-
teins), and derivatives of erythropoietin.212

Recent recognition that C-peptide, originally 
thought to be inert and merely a marker for endog-
enous insulin production, improves sensory neural 
deficits, microvascular blood flow, and renal filtration 
in diabetes has stimulated research on its potential for 
diabetic neuropathy.212 C-peptide has been found to 
stimulate (Na+/K+)-ATPase activity213 and endothelial 

nitric oxide synthase for improved circulation.214 In 
an animal model of type 1 diabetes, C-peptide for 4-
7 months resulted in a dose-dependent prevention of 
signs of neuropathy, including effects on NCV, nerve 
fiber number, nerve regeneration, and overall neuro-
pathy score.215 In a phase II trial of 49 type 1 diabetics 
with subclinical PN, subcutaneous administration of 
C-peptide or placebo for three months resulted in sig-
nificant (80%) improvement in NCV in the C-peptide 
group compared to placebo.216

Islet neogenesis-associated protein peptide 
(INGAP) is a pancreatic peptide that has been found 
to enhance formation of new pancreatic islet cells and 
reverse hyperglycemia in type-1 diabetic animals.212 
A preliminary study indicates it may hold promise 
for treatment of neuropathy associated with diabe-
tes. Two-week administration of INGAP to strepto-
zotocin-diabetic rats with neuropathy resulted in im-
proved thermal detection, enhanced nerve growth in 
dorsal root ganglia, and activation of signaling path-
ways involved in nerve regeneration.217

In addition to its involvement in hemato-
poiesis, erythropoietin receptors have been found in 
neurons.212 Erythropoietin appears to directly prevent 
axonal degeneration – the gross pathology seen in 
peripheral neuropathies of various etiologies, includ-
ing diabetes and HIV. Researchers found nitric ox-
ide signals erythropoietin secretion from Schwann 
cells in response to neuronal injury. Administration 
of exogenous erythropoietin to animals with axonal 
neuropathy prevented axon degeneration and reduced 
behavior associated with neuropathic pain.218 Animal 
studies of diabetes-induced219 or cisplatin chemother-
apy-induced220 neuropathy found erythropoietin sig-
nificantly attenuated nerve degeneration associated 
with these two types of neuropathy. An in vitro study 
demonstrated erythropoietin’s protection of neurons 
against the neurotoxic effects of antiretroviral agents; 
thus it may have potential for HIV-associated neu-
ropathy.221

Preliminary research from the University of 
Utah and Tufts University has found netrins, a family 
of proteins involved in vascular and nerve growth, 
may provide promise for the treatment of diabetic PN. 
In a phase II trial, netrins injected into diabetic mice 
resulted in both blood vessel and nerve growth.222
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Conclusion
Peripheral neuropathy presents with consid-

erable morbidity and can result in significant decreas-
es in quality of life. While conventional medicine can 
offer some relief, the potential side effects or addic-
tive nature of many of the medications render long-
term use undesirable. Such treatments, furthermore, 
merely mask the symptoms and do not address the 
underlying pathologies. Alternative therapies, on the 
other hand, are typically without side effects and ad-
dress nutrient deficiencies, oxidative stress, and other 
etiological factors associated with the development 
of PN.

Alpha-lipoic acid, acetyl-L-carnitine, benfo-
tiamine, methylcobalamin, and topical capsaicin are 
among the most well-researched alternative options 
for the treatment of PN. Other potential nutrient or 
botanical therapies include vitamin E, glutathione, 
folate, pyridoxine, biotin, myo-inositol, omega-3 and 
-6 fatty acids, L-glutamine, taurine, N-acetylcysteine, 
zinc, magnesium, chromium, St. John’s wort, and 
topical capsaicin. In the realm of physical medicine, 
acupuncture, magnetic therapy, and yoga have been 
found to provide benefit.

A questionnaire-based study examined the 
use of alternative treatments for PN in 180 consecu-
tive outpatients at St. Elizabeth’s Medical Center in 
Boston, MA. Seventy-seven patients (43%) reported 
using alternative therapies; 37 of 77 (48%) employed 
more than one type of alternative treatment. Seven-
teen (27%) of the respondents reported improvement 
in neuropathy symptoms with unconventional ap-
proaches. The treatments most often employed were 
“megavitamins” (35%), magnets (30%), acupunc-
ture (30%), herbal remedies (22%), and chiroprac-
tic manipulation (21%). Those who used alternative 
approaches were more likely to be younger, college 
educated, and suffering from diabetes compared to 
those who did not use unconventional approaches.223

The use of well-researched nutrients, physi-
cal medicine, and the possible addition of new cut-
ting-edge treatments should decrease the morbidity 
associated with peripheral neuropathy and the side 
effects associated with the commonly prescribed con-
ventional pain-relieving treatments in current favor.

References
1.	 Gregg EW, Sorlie P, Paulose-Ram R, et al. 

Prevalence of lower-extremity disease in the US 
adult population ≥ 40 years of age with and without 
diabetes. 1999-2000 National Health and Nutrition 
Examination Survey. Diabetes Care 2004;27:1591-
1597.

2.	 Imreova H, Pura M. Differential diagnosis of 
peripheral neuropathy. Cas Lek Cesk 2005;144:628-
633. [Article in Czech]

3.	 Perkins AT, Morgenlander JC. Endocrinologic 
causes of peripheral neuropathy. Pins and 
needles in a stocking-and-glove pattern and other 
symptoms. Postgrad Med 1997;102:81-82,90-
92,102-106.

4.	 Tagliati M, Grinnell J, Godbold J, Simpson DM. 
Peripheral nerve function in HIV infection: clinical, 
electrophysiologic, and laboratory findings. Arch 
Neurol 1999;56:84-89.

5.	 Campbell AW, Thrasher JD, Madison RA, et 
al. Neural autoantibodies and neurophysiologic 
abnormalities in patients exposed to molds in 
water-damaged buildings. Arch Environ Health 
2003;58:464-474.

6.	 Lolin Y. Chronic neurological toxicity associated 
with exposure to volatile substances. Hum Toxicol 
1989;8:293-300.

7.	 Rusyniak DE, Furbee RB, Kirk MA. Thallium and 
arsenic poisoning in a small midwestern town. Ann 
Emerg Med 2002;39:307-311.

8.	 Rubens O, Logina I, Kravale I, et al. Peripheral 
neuropathy in chronic occupational inorganic lead 
exposure: a clinical and electrophysiological study. 
J Neurol Neurosurg Psychiatry 2001;71:200-204.

9.	 Letz R, Gerr F, Cragle D, et al. Residual neurologic 
deficits 30 years after occupational exposure to 
elemental mercury. Neurotoxicology 2000;21:459-
474.

10.	 Kim KM, Lim CS, Kim S, et al. Nephropathy and 
neuropathy induced by a germanium-containing 
compound. Nephrol Dial Transplant 1998;13:3218-
3219.

11.	 Ammendola A, Tata MR, Aurilio C, et al. 
Peripheral neuropathy in chronic alcoholism: a 
retrospective cross-sectional study in 76 subjects. 
Alcohol Alcohol 2001;36:271-275.

12.	 Weimer LH. Medication-induced peripheral 
neuropathy. Curr Neurol Neurosci Rep 2003;3:86-
92.

13.	 Corrao G, Zambon A, Bertu L, et al. Lipid lowering 
drugs prescription and the risk of peripheral 
neuropathy: an exploratory case-control study using 
automated databases. J Epidemiol Community 
Health 2004;58:1047-1051.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Peripheral Neuropathy			  Review

Page 322		  Alternative Medicine Review u Volume 11, Number 4 u 2006

14.	 Ziegler D, Sohr CG, Nourooz-Zadeh J. Oxidative 
stress and antioxidant defense in relation to 
the severity of diabetic polyneuropathy and 
cardiovascular autonomic neuropathy. Diabetes 
Care 2004;27:2178-2183.

15.	 Hoffman-Snyder C, Smith BE, Ross MA, et 
al. Value of the oral glucose tolerance test in 
the evaluation of chronic idiopathic axonal 
polyneuropathy. Arch Neurol 2006;63:1075-1079.

16.	 Cameron NE, Cotter MA. Metabolic and vascular 
factors in the pathogenesis of diabetic neuropathy. 
Diabetes 1997;46:S31-S37.

17.	 Stevens MJ, Dananberg J, Feldman EL, et al. 
The linked roles of nitric oxide, aldose reductase, 
and, (Na+,K+)-ATPase in the slowing of nerve 
conduction in the streptozotocin diabetic rat. J Clin 
Invest 1994;94:853-859.

18.	 Ambrosch A, Dierkes J, Lobmann R, et al. 
Relation between homocysteinaemia and diabetic 
neuropathy in patients with type 2 diabetes 
mellitus. Diabet Med 2001;18:185-192.

19.	 Pittenger G, Vinik A. Nerve growth factor and 
diabetic neuropathy. Exp Diabesity Res 2003;4:271-
285.

20.	 Hounsom L, Corder R, Patel J, Tomlinson DR. 
Oxidative stress participates in the breakdown 
of neuronal phenotype in experimental diabetic 
neuropathy. Diabetologia 2001;44:424-428.

21.	 van Dam PS. Oxidative stress and diabetic 
neuropathy: pathophysiological mechanisms and 
treatment perspectives. Diabetes Metab Res Rev 
2002;18:176-184.

22.	 Raccah D, Coste T, Cameron NE, et al. Effect of 
the aldose reductase inhibitor tolrestat on nerve 
conduction velocity, Na/K ATPase activity, and 
polyols in red blood cells, sciatic nerve, kidney 
cortex, and kidney medulla of diabetic rats. J 
Diabetes Complications 1998;12:154-162.

23.	 Takagi Y, Kashiwagi A, Tanaka Y, et al. 
Significance of fructose-induced protein oxidation 
and formation of advanced glycation end product. J 
Diabetes Complications 1995;9:87-91.

24.	 Nakamura J, Koh N, Sakakibara F, et al. Polyol 
pathway hyperactivity is closely related to 
carnitine deficiency in the pathogenesis of diabetic 
neuropathy of streptozotocin-diabetic rats. J 
Pharmacol Exp Ther 1998;287:897-902.

25.	 Kihara M, Low PA. Impaired vasoreactivity to 
nitric oxide in experimental diabetic neuropathy. 
Exp Neurol 1995;132:180-185.

26.	 Sasaki T, Yasuda H, Maeda K, Kikkawa R. 
Hyperalgesia and decreased neuronal nitric oxide 
synthase in diabetic rats. Neuroreport 1998;9:243-
247.

27.	 Gupta S, Chough E, Daley J, et al. Hyperglycemia 
increases endothelial superoxide that impairs 
smooth muscle cell Na+-K+-ATPase activity. Am J 
Physiol Cell Physiol 2002;282:C560-C566.

28.	 Thomsen K, Rubin I, Lauritzen M. NO- and non-
NO-, non-prostanoid-dependent vasodilatation in 
rat sciatic nerve during maturation and developing 
experimental diabetic neuropathy. J Physiol 
2002;543:977-993.

29.	 De Angelis L, Marfella MA, Siniscalchi M, 
et al. Erectile and endothelial dysfunction in 
type II diabtes: a possible link. Diabetologia 
2001;44:1155-1160.

30.	 Hofmann MA, Kohl B, Zumbach MS, et al. 
Hyperhomocyst(e)inemia and endothelial 
dysfunction in IDDM. Diabetes Care 1998;21:841-
848.

31.	 Hoogeveen EK, Kostense PJ, Valk GD, et al. 
Hyperhomocysteinaemia is not related to risk of 
distal somatic polyneuropathy: the Hoorn Study. J 
Intern Med 1999;246:561-566.

32.	 Lopez-Hernandez N, Garcia-Escriva A, 
Pampliega-Perez A, et al. Peripheral and optical 
myeloneuropathy in a folic acid deficient alcoholic 
patient. Rev Neurol 2003;37:726-729. [Article in 
Spanish]

33.	 Kieburtz KD, Giang DW, Schiffer RB, Vakil N. 
Abnormal vitamin B12 metabolism in human 
immunodeficiency virus infection. Association 
with neurological dysfunction. Arch Neurol 
1991;48:312-314.

34.	 Veilleux M, Paltiel O, Falutz J. Sensorimotor 
neuropathy and abnormal vitamin B12 metabolism 
in early HIV infection. Can J Neurol Sci 
1995;22:43-46.

35.	 Tan SV, Guiloff RJ. Hypothesis on the pathogenesis 
of vacuolar myelopathy, dementia, and peripheral 
neuropathy in AIDS. J Neurol Neurosurg 
Psychiatry 1998;65:23-28.

36.	 Cherry CL, Skolasky RL, Lal L, et al. Antiretroviral 
use and other risks of HIV-associated neuropathies 
in an international cohort. Neurology 2006;66:867-
873.

37.	 Anderson TD, Davidovich A, Feldman D, et al. 
Mitochondrial schwannopathy and peripheral 
myelinopathy in a rabbit model of dideoxycytidine 
neurotoxicity. Lab Invest 1994;70:724-739.

38.	 Peltier AC, Russell JW. Advances in understanding 
drug-induced neuropathies. Drug Saf 2006;29:23-
30.

39.	 Vaughan TB, Bell DS. Statin neuropathy 
masquerading as diabetic autoimmune 
polyneuropathy. Diabetes Care 2005;28:2082.

40.	 Ii M, Nishimura H, Kusano KF, et al. Neuronal 
nitric oxide synthase mediates statin-induced 
restoration of vasa nervorum and reversal of 
diabetic neuropathy. Circulation 2005;112:93-102.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Review Peripheral Neuropathy

Alternative Medicine Review u Volume 11, Number 4 u 2006		  Page 323

41.	 Freeman R. Newer agents for the treatment of 
painful diabetic peripheral neuropathy. Curr Diab 
Rep 2005;5:409-416.

42.	 Obrosova IG, Van Huysen C, Fathallah L, et al. An 
aldose reductase inhibitor reverses early diabetes-
induced changes in peripheral nerve function, 
metabolism, and antioxidative defense. FASEB J 
2002;16:123-125.

43.	 Kihara M, Mitsui Y, Shioyama M, et al. Effect 
of zenarestat, an aldose reductase inhibitor, on 
endoneurial blood flow in experimental diabetic 
neuropathy of rat. Neurosci Lett 2001;310:81-84.

44.	 Adriaensen H, Plaghki L, Mathieu C, et al. 
Critical review of oral drug treatments for diabetic 
neuropathic pain-clinical outcomes based on 
efficacy and safety data from placebo-controlled 
and direct comparative studies. Diabetes Metab Res 
Rev 2005;21:231-240.

45.	 Guay DR. Pregabalin in neuropathic pain: a more 
“pharmaceutically elegant” gabapentin? Am J 
Geriatr Pharmacother 2005;3:274-287.

46.	 Beyreuther B, Callizot N, Stohr T. Antinociceptive 
efficacy of lacosamide in a rat model for 
painful diabetic neuropathy. Eur J Pharmacol 
2006;539:64-70.

47.	 Ziegler D, Hanefeld M, Ruhnau KJ, et al. 
Treatment of symptomatic diabetic peripheral 
neuropathy with the anti-oxidant alpha-lipoic acid. 
A 3-week multicentre randomized controlled trial 
(ALADIN Study). Diabetologia 1995;38:1425-
1433.

48.	 Reljanovic M, Reichel G, Rett K, et al. Treatment 
of diabetic polyneuropathy with the antioxidant 
thioctic acid (alpha-lipoic acid): a two year 
multicenter randomized double-blind placebo-
controlled trial (ALADIN II). Alpha Lipoic Acid In 
Diabetic Neuropathy. Free Radic Res 1999;31:171-
179.

49.	 Ziegler D, Hanefeld M, Ruhnau KJ, et al. 
Treatment of symptomatic diabetic polyneuropathy 
with the antioxidant alpha-lipoic acid: a 7-month 
multicenter randomized controlled trial (ALADIN 
III Study). ALADIN III Study Group. Alpha-
Lipoic Acid in Diabetic Neuropathy. Diabetes Care 
1999;22:1296-1301.

50.	 Ametov AS, Barinov A, Dyck PJ, et al. The sensory 
symptoms of diabetic polyneuropathy are improved 
with alpha-lipoic acid: the SYDNEY trial. Diabetes 
Care 2003;26:770-776.

51.	 Ziegler D, Nowak H, Kempler P, et al. Treatment 
of symptomatic diabetic polyneuropathy with the 
antioxidant alpha-lipoic acid: a meta-analysis. 
Diabet Med 2004;21:114-121.

52.	 Ruhnau KJ, Meissner HP, Finn JR, et al. Effects of 
3-week oral treatment with the antioxidant thioctic 
acid (alpha-lipoic acid) in symptomatic diabetic 
polyneuropathy. Diabet Med 1999;16:1040-1043.

53.	 Negrisanu G, Rosu M, Bolte B, et al. Effects of 3-
month treatment with the antioxidant alpha-lipoic 
acid in diabetic peripheral neuropathy. Rom J Intern 
Med 1999;37:297-306.

54.	 Haak ES, Usadel KH, Kohleisen M, et al. The 
effect of alpha-lipoic acid on the neurovascular 
reflex arc in patients with diabetic neuropathy 
assessed by capillary microscopy. Microvasc Res 
1999;58:28-34.

55.	 Haak E, Usadel KH, Kusterer K, et al. Effects of 
alpha-lipoic acid on microcirculation in patients 
with peripheral diabetic neuropathy. Exp Clin 
Endocrinol Diabetes 2000;108:168-174.

56.	 Bregovskii VB, Posokhina OV, Karpova IA. 
Predictors of alpha-lipoic acid treatment efficacy 
in diabetic polyneuropathy of the lower limbs. Ter 
Arkh 2005;77:15-19. [Article in Russian]

57.	 Zeigler D, Schatz H, Conrad F, et al. Effects of 
treatment with the antioxidant alpha-lipoic acid on 
cardiac autonomic neuropathy in NIDDM patients. 
A 4-month randomized controlled multicenter trial 
(DEKAN Study). Deutsche Kardiale Autonome 
Neuropathie. Diabetes Care 1997;20:369-373.

58.	 Tankova T, Cherninkova S, Koev D. Treatment for 
diabetic mononeuropathy with alpha-lipoic acid. Int 
J Clin Pract 2005;59:645-650.

59.	 Strokov IA, Manukhina EB, Bakhtina LY, et al. 
The function of endogenous protective systems in 
patients with insulin-dependent diabetes mellitus 
and polyneuropathy: effect of antioxidant therapy. 
Bull Exp Biol Med 2000;130:986-990.

60.	 Nickander KK, McPhee BR, Low PA, Tritschler 
H. Alpha-lipoic acid: antioxidant potency against 
lipid peroxidation of neural tissues in vitro and 
implications for diabetic neuropathy. Free Radic 
Biol Med 1996;21:631-639.

61.	 Jain SK, Lim G. Lipoic acid decreases lipid 
peroxidation and protein glycosylation and 
increases (Na(+) + K(+))- and Ca(++)-ATPase 
activities in high glucose-treated human 
erythrocytes. Free Radic Biol Med 2000;29:1122-
1128.

62.	 Androne L, Gavan NA, Veresiu IA, Orasan R. 
In vivo effect of lipoic acid on lipid peroxidation 
in patients with diabetic neuropathy. In Vivo 
2000;14:327-330.

63.	 Kishi Y, Schmelzer JD, Yao JK, et al. Alpha-lipoic 
acid: effect on glucose uptake, sorbitol pathway, 
and energy metabolism in experimental diabetic 
neuropathy. Diabetes 1999;48:2045-2051.

64.	 Stevens MJ, Obrosova I, Cao X, et al. Effects 
of DL-alpha-lipoic acid on peripheral nerve 
conduction, blood flow, energy metabolism, 
and oxidative stress in experimental diabetic 
neuropathy. Diabetes 2000;49:1006-1015.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Peripheral Neuropathy			  Review

Page 324		  Alternative Medicine Review u Volume 11, Number 4 u 2006

65.	 Nagamatsu M, Nickander KK, Schmelzer JD, 
et al. Lipoic acid improves nerve blood flow, 
reduces oxidative stress, and improves distal nerve 
conduction in experimental diabetic neuropathy. 
Diabetes Care 1995;18:1160-1167.

66.	 Mintz M. Carnitine in human immunodeficiency 
virus type 1 infection/acquired immune deficiency 
syndrome. J Child Neurol 1995;10:S40-S44.

67.	 De Simone C, Tzantzoglou S, Jirillo E, et al. 
L-carnitine deficiency in AIDS patients. AIDS 
1992;6:203-205.

68.	 Famularo G, Moretti S, Marcellini S, et al. 
Acetyl-carnitine deficiency in AIDS patients with 
neurotoxicity on treatment with antiretroviral 
nucleoside analogues. AIDS 1997;11:185-190.

69.	 Simpson DM, Katzenstein D, Haidich B, et al. 
Plasma carnitine in HIV-associated neuropathy. 
AIDS 2001;15:2207-2208.

70.	 Hart AM, Wilson AD, Montovani C, et al. Acetyl-
L-carnitine: a pathogenesis based treatment for 
HIV-associated antiretroviral toxic neuropathy. 
AIDS 2004;18:1549-1560.

71.	 Scarpini E, Sacilotto G, Baron P, et al. Effect 
of acetyl-L-carnitine in the treatment of painful 
peripheral neuropathies in HIV+ patients. J 
Peripher Nerv Syst 1997;2:250-252.

72.	 Maestri A, De Pasquale Ceratti A, Cundari S, et 
al. A pilot study on the effect of acetyl-L-carnitine 
in paclitaxel- and cisplatin-induced peripheral 
neuropathy. Tumori 2005;91:135-138.

73.	 Bianchi G, Vitali G, Caraceni A, et al. Symptomatic 
and neurophysiological responses of paclitaxel- or 
cisplatin-induced neuropathy to oral acetyl-L-
carnitine. Eur J Cancer 2005;41:1746-1750.

74.	 Pisano C, Pratesi G, Laccabue D, et al. Paclitaxel 
and cisplatin-induced neurotoxicity: a protective 
role of acetyl-L-carnitine. Clin Cancer Res 
2003;9:5756-5767.

75.	 Flatters SJ, Xiao WH, Bennett GJ. Acetyl-L-
carnitine prevents and reduces paclitaxel-induced 
painful peripheral neuropathy. Neurosci Lett 
2006;397:219-223.

76.	 Ghirardi O, Lo Giudice P, Pisano C, et al. Acetyl-L-
carnitine prevents and reverts experimental chronic 
neurotoxicity induce by oxaliplatin, without 
altering its antitumor properties. Anticancer Res 
2005;25:2681-2687. 

77.	 Ghirardi O, Vertechy M, Vesci L, et al. 
Chemotherapy-induced allodinia: neuroprotective 
effect of acetyl-L-carnitine. In Vivo 2005:19:631-
637.

78.	 Cavaletti G, Pezzoni G, Pisano C, et al. Cisplatin-
induced peripheral neurotoxicity in rats reduces the 
circulating levels of nerve growth factor. Neurosci 
Lett 2002;322:103-106.

79.	 Tamamogullari N, Silig Y, Icagasioglu S, Atalay 
A. Carnitine deficiency in diabetes mellitus 
complications. J Diabetes Complications 
1999;13:251-253.

80.	 Scarpini E, Doneda P, Pizzul S, et al. L-carnitine 
and acetyl-L-carnitine in human nerves from 
normal and diabetic subjects. J Peripher Nerv Syst 
1996;1:157-163.

81.	 De Grandis D, Minardi C. Acetyl-L-carnitine 
(levacecarnine) in the treatment of diabetic 
neuropathy. A long-term, randomised, double-blind, 
placebo-controlled study. Drugs R D 2002;3:223-
231.

82.	 Sima AA, Calvani M, Mehra M, Amato A. Acetyl-
L-carnitine improves pain, nerve regeneration, 
and vibratory perception in patients with chronic 
diabetic neuropathy: an analysis of two randomized 
placebo-controlled trials.  Diabetes Care 
2005;28:89-94.

83.	 Uzun N, Sarikaya S, Uluduz D, Aydin A. Peripheric 
and automatic neuropathy in children with type 1 
diabetes mellitus: the effect of L-carnitine treatment 
on the peripheral and autonomic nervous system. 
Electromyogr Clin Neurophysiol 2005;45:343-351.

84.	 Lo Giudice P, Careddu A, Magni G, et al. 
Autonomic neuropathy in streptozotocin diabetic 
rats: effect of acetyl-L-carnitine. Diabetes Res Clin 
Pract 2002;56:173-180.

85.	 Gorio A, Di Giulio AM, Tenconi B, et al. Peptide 
alterations in autonomic diabetic neuropathy 
prevented by acetyl-L-carnitine. Int J Clin 
Pharmacol Res 1992;12:225-230.

86.	 Lowitt S, Malone JI, Salem AF, et al. Acetyl-L-
carnitine corrects the altered peripheral nerve 
function of experimental diabetes. Metabolism 
1995;44:677-680.

87.	 Stevens MJ, Lattimer SA, Feldman EL, et 
al. Acetyl-L-carnitine deficiency as a cause 
of altered nerve myo-inositol content, Na,K-
ATPase activity, and motor conduction velocity 
in the streptozotocin-diabetic rat. Metabolism 
1996;45:865-872.

88.	 Hotta N, Koh N, Sakakibara F, et al. Effect of 
propionyl-L-carnitine on motor nerve conduction, 
autonomic cardiac function, and nerve blood 
flow in rats with streptozotocin-induced diabetes: 
comparison with aldose reductase inhibitor. J 
Pharmacol Exp Ther 1996;276:49-55.

89.	 Tutuncu NB, Bayraktar M, Varli K. Reversal 
of defective nerve conduction with vitamin E 
supplementation in type 2 diabetes: a preliminary 
study. Diabetes Care 1998;21:1915-1918.

90.	 Nickander KK, Schmelzer JD, Rohwer DA, Low 
PA. Effect of alpha-tocopherol deficiency on 
indices of oxidative stress in normal and diabetic 
peripheral nerve. J Neurol Sci 1994;126:6-14.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Review Peripheral Neuropathy

Alternative Medicine Review u Volume 11, Number 4 u 2006		  Page 325

91.	 Bove L, Picardo M, Maresca V, et al. A pilot study 
on the relation between cisplatin neuropathy and 
vitamin E. J Exp Clin Cancer Res 2001;20:277-
280.

92.	 Pace A, Savarese A, Picardo M, et al. 
Neuroprotective effect of vitamin E 
supplementation in patients treated with cisplatin 
chemotherapy. J Clin Oncol 2003;21:927-931.

93.	 Argyriou AA, Chroni E, Koutras A, et al. A 
randomized controlled trial evaluating the efficacy 
and safety of vitamin E supplementation for 
protection against cisplatin-induced peripheral 
neuropathy: final results. Support Care Cancer 
2006 Apr 19; [Epub ahead of print]

94.	 Argyriou AA, Chroni E, Koutras A, et al. Vitamin 
E for prophylaxis against chemotherapy-induced 
neuropathy: a randomized controlled trial. 
Neurology 2005;64:26-31.

95.	 Argyriou AA, Chroni E, Koutras A, et al. 
Preventing paclitaxel-induced peripheral 
neuropathy: a phase II trial of vitamin E 
supplementation. J Pain Symptom Manage 
2006;32:237-244.

96.	 Puri V, Chaudhry N, Tatke M, Prakash V. 
Isolated vitamin E deficiency with demyelinating 
neuropathy. Muscle Nerve 2005;32:230-235.

97.	 Ueda N, Suzuki Y, Takahashi T, et al. Treatment of 
neurological complication due to postgastrectomy 
vitamin E deficiency. No To Shinkei 2005;57:145-
148. [Article in Japanese]

98.	 Cascinu S, Catalano V, Cordella L, et al. 
Neuroprotective effect of reduced glutathione 
on oxaliplatin-based chemotherapy in advanced 
colorectal cancer: a randomized, double-
blind, placebo-controlled trial. J Clin Oncol 
2002;20:3478-3483.

99.	 Park SA, Choi KS, Bang JH, et al. Cisplatin-
induced apoptotic cell death in mouse hybrid 
neurons is blocked by antioxidants through 
suppression of cisplatin-mediated accumulation 
of p53 but not of Fas/Fas ligand. J Neurochem 
2000;75:946-953.

100.	 van Dam PS, van Asbeck BS, Van Oirschot JF, et 
al. Glutathione and alpha-lipoate in diabetic rats: 
nerve function, blood flow and oxidative state. Eur 
J Clin Invest 2001;31:417-424.

101.	 Koike H, Iijima M, Mori K, et al. Postgastrectomy 
polyneuropathy with thiamine deficiency is 
identical to beriberi neuropathy. Nutrition 
2004;20:961-966.

102.	 Greb A, Bitsch R. Comparative bioavailability 
of various thiamine derivatives after oral 
administration. Int J Clin Pharmacol Ther 
1998;36:216-221.

103.	 Bitsch R, Wolf M, Moller J, et al. Bioavailability 
assessment of the lipophilic benfotiamine as 
compared to a water-soluble thiamin derivative. 
Ann Nutr Metab 1991;35:292-296.

104.	 Loew D. Pharmacokinetics of thiamine derivatives 
especially of benfotiamine. Int J Clin Pharmcol 
Ther 1996;34:47-50.

105.	 Haupt E, Ledermann H, Kopcke W. Benfotiamine 
in the treatment of diabetic polyneuropathy – a 
three-week randomized, controlled pilot study 
(BEDIP study). Int J Clin Pharmacol Ther 
2005;43:71-77.

106.	 Simeonov S, Pavlova M, Mitkov M, et al. 
Therapeutic efficacy of “Milgamma” in patients 
with painful diabetic neuropathy. Folia Med 
(Plovdiv) 1997;39:5-10.

107.	 Winkler G, Pal B, Nagybeganyi E, et al. 
Effectiveness of different benfotiamine dosage 
regimens in the treatment of painful diabetic 
neuropathy. Arzneimittelforschung 1999;49:220-
224.

108.	 Stracke H, Lindemann A, Federlin K. A 
benfotiamine-vitamin B combination in treatment 
of diabetic polyneuropathy. Exp Clin Endocrinol 
Diabetes 1996;104:311-316.

109.	 Sanchez-Ramirez GM, Caram-Salas NL, Rocha-
Gonzalex HI, et al. Benfotiamine relieves 
inflammatory and neuropathic pain in rats. Eur J 
Pharmacol 2006;530:48-53.

110.	 Stracke H, Hammes HP, Werkmann D, et al. 
Efficacy of benfotiamine versus thiamine on 
function and glycation products of peripheral 
nerves in diabetic rats. Exp Clin Endocrinol 
Diabetes 2001;109:330-336.

111.	 Hammes HP, Du X, Edelstein D, et al. 
Benfotiamine blocks three major pathways of 
hyperglycemic damage and prevents experimental 
diabetic retinopathy. Nat Med 2003;9:294-299.

112.	 Pomero F, Molinar Min A, La Selva M, et al. 
Benfotiamine is similar to thiamine in correcting 
endothelial cell defects induced by high glucose. 
Acta Diabetol 2001;38:135-138.

113.	 Beltramo E, Berrone E, Buttiglieri S, Porta M. 
Thiamine and benfotiamine prevent increased 
apoptosis in endothelial cells and pericytes 
cultured in high glucose. Diabetes Metab Res Rev 
2004;20:330-336.

114.	 Berrone E, Beltramo E, Solimine C, et al. 
Regulation of intracellular glucose and polyol 
pathway by thiamine and benfotiamine in vascular 
cells cultured in high glucose. J Biol Chem 
2006;281:9307-9313.

115.	 Netzel M, Ziems M, Jung KH, et al. Effect of 
high-dosed thiamine hydrochloride and S-benzoyl-
thiamine-O-monophosphate on thiamine-status 
after chronic ethanol administration. Biofactors 
2000;11:111-113. [Extended abstract]



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Peripheral Neuropathy			  Review

Page 326		  Alternative Medicine Review u Volume 11, Number 4 u 2006

116.	 Woelk H, Lehrl S, Bitsch R, Kopcke W. 
Benfotiamine in treatment of alcoholic 
polyneuropathy: an 8-week randomized controlled 
study (BAP I Study). Alcohol Alcohol 1998;33:631-
638.

117.	 Anisimova EI, Danilov AB. Bendotiamine efficacy 
in alcoholic polyneuropathy therapy. Zh Nevrol 
Psikhiatr Im S S Korsakova 2001;101:32-36. 
[Article in Russian]

118.	 Saperstein DS, Barohn RJ. Peripheral neuropathy 
due to cobalamin deficiency. Curr Treat Options 
Neurol 2002;4:197-201.

119.	 Weir DG, Scott JM. The biochemical basis of the 
neuropathy in cobalamin deficiency. Baillieres Clin 
Haematol 1995;8:479-497.

120.	 Metz J. Pathogenesis of cobalamin 
neuropathy: deficiency of nervous system S-
adenosylmethionine? Nutr Rev 1993;51:12-15.

121.	 Deacon R, Purkiss P, Green R, et al. Vitamin B12 
neuropathy is not due to failure to methylate myelin 
basic protein. J Neurol Sci 1986;72:113-117.

122.	 Scalabrino G, Buccellato FR, Veber D, Mutti E. 
New basis of the neurotrophic action of vitamin 
B12. Clin Chem Lab Med 2003;41:1435-1437.

123.	 Watanabe T, Kaji R, Oka N, et al. Ultra-high dose 
methylcobalamin promotes nerve regeneration in 
experimental acrylamide neuropathy. J Neurol Sci 
1994;122:140-143.

124.	 Yaqub BA, Siddique A, Sulimani R. Effects of 
methylcobalamin on diabetic neuropathy. Clin 
Neurol Neurosurg 1992;94:105-111.

125.	 Ide H, Fujiya S, Asanuma Y, et al. Clinical 
usefulness of intrathecal injection of 
methylcobalamin in patients with diabetic 
neuropathy. Clin Ther 1987;9:183-192.

126.	 Zhu XP, Zhou ZG. Clinical observation of 
combined therapeutic effect of prostaglandin 
E1 and mecobalamin on diabetic peripheral 
neuropathy. Hunan Yi Ke Da Xue Xue Bao 
2001;26:343-344. [Article in Chinese]

127.	 Sun Y, Lai MS, Lu CJ. Effectiveness of vitamin 
B12 on diabetic neuropathy: systematic review 
of clinical controlled trials. Acta Neurol Taiwan 
2005;14:48-54.

128.	 Yoshioka K, Tanaka K. Effect of methylcobalamin 
on diabetic autonomic neuropathy as assessed by 
power spectral analysis of heart rate variations. 
Horm Metab Res 1995;27:43-44.

129.	 Liu KW, Dai LK, Jean W. Metformin-related 
vitamin B12 deficiency. Age Ageing 2006;35:200-
201.

130.	 Yagihashi S, Tokui A, Kashiwamura H, et al. In 
vivo effect of methylcobalamin on the peripheral 
nerve structure in streptozotocin diabetic rats. 
Horm Metab Res 1982;14:10-13.

131.	 Kuwabara S, Nakazawa R, Azuma N, et al. 
Intravenous methylcobalamin treatment for uremic 
and diabetic neuropathy in chronic hemodialysis 
patients. Intern Med 1999;38:472-475.

132.	 Taniguchi H, Ejiri K, Baba S. Improvement of 
autonomic neuropathy after mecobalamin treatment 
in uremic patients on hemodialysis. Clin Ther 
1987;9:607-614.

133.	 Koyama K, Yoshida A, Takeda A, et al. Abnormal 
cyanide metabolism in uraemic patients. Nephrol 
Dial Transplant 1997;12:1622-1628.

134.	 Parry TE. Folate responsive neuropathy. Presse 
Med 1994;23:131-137.

135.	 Yukawa M, Naka H, Murata Y, et al. Folic acid-
responsive neurological diseases in Japan. J Nutr 
Sci Vitaminol (Tokyo) 2001;47:181-187.

136.	 Gimsing P, Melgaard B, Andersen K, et al. Vitamin 
B-12 and folate function in chronic alcoholic men 
with peripheral neuropathy and encephalopathy. J 
Nutr 1989;119:416-424.

137.	 Lambie DG, Johnson RH. Drugs and folate 
metabolism. Drugs 1985;30:145-155.

138.	 Shorvon SD, Reynolds EH. Anticonvulsant 
peripheral neuropathy: a clinical and 
electrophysiological study of patients on single 
drug treatment with phenytoin, carbamazepine 
or barbiturates. J Neurol Neurosurg Psychiatry 
1982;45:620-626.

139.	 Martinez Figueroa A, Johnson RH, Lambie DG, 
Shakir RA. The role of folate deficiency in the 
development of peripheral neuropathy caused by 
anticonvulsants. J Neurol Sci 1980;48:315-323.

140.	 Dellon AL, Dellon ES, Tassler PL, et al. 
Experimental model of pyridoxine (B6) deficiency-
induced neuropathy. Ann Plast Surg 2001;47:153-
160.

141.	 Ebadi M, Gessert CF, Al-Sayegh A. Drug-pyridoxal 
phosphate interactions. Q Rev Drug Metab Drug 
Interact 1982;4:289-331. 

142.	 Snider DE Jr. Pyridoxine supplementation during 
isoniazid therapy. Tubercle 1980;61:191-196.

143.	 Steichen O, Martinez-Almoyna L, De Broucker T. 
Isoniazid induced neuropathy: consider prevention. 
Rev Mal Respir 2006;23:157-160. [Article in 
French]

144.	 Byers CM, DeLisa JA, Frankel DL, Kraft GH. 
Pyridoxine metabolism in carpal tunnel syndrome 
with and without peripheral neuropathy. Arch Phys 
Med Rehabil 1984;65:712-716.

145.	 Moriwaki K, Kanno Y, Nakamoto H, et al. Vitamin 
B6 deficiency in elderly patients on chronic 
peritoneal dialysis. Adv Perit Dial 2000;16:308-
312.

146.	 McCann VJ, Davis RE. Serum pyridoxal 
concentrations in patients with diabetic neuropathy. 
Aust N Z J Med 1978;8:259-261.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Review Peripheral Neuropathy

Alternative Medicine Review u Volume 11, Number 4 u 2006		  Page 327

147.	 Straub RH, Rokitzki L, Schumacher T, et al. 
Patients with type-II diabetes mellitus and 
neuropathy have no deficiency of vitamins A, E, 
beta-carotene, B1, B2, B6, B12 and folic acid. 
Med Klin (Munich) 1993;88:453-457. [Article in 
German]

148.	 McCann VJ, Davis RE. Pyridoxine and diabetic 
neuropathy: a double-blind controlled study. 
Diabetes Care 1983;6:102-103.

149.	 Levin ER, Hanscom TA, Fisher M, et al. The 
influence of pyridoxine in diabetic peripheral 
neuropathy. Diabetes Care 1981;4:606-609.

150.	 Abbas ZG, Swai AB. Evaluation of the efficacy 
of thiamine and pyridoxine in the treatment of 
symptomatic diabetic peripheral neuropathy. East 
Afr Med J 1997;74:803-808.

151.	 Jain SK, Lim G. Pyridoxine and pyridoxamine 
inhibits superoxide radicals and prevents lipid 
peroxidation, protein glycosylation, and (Na+ + 
K+)-ATPase activity reduction in high glucose-
treated human erythrocytes. Free Radic Biol Med 
2001;30:232-237.

152.	 Berger AR, Schaumburg HH, Schroeder C, et 
al. Dose response, coasting, and differential 
fiber vulnerability in human toxic neuropathy: 
a prospective study of pyridoxine neurotoxicity. 
Neurology 1992;42:1367-1370.

153.	 Xu Y, Sladky JT, Brown MJ. Dose-dependent 
expression of neuronopathy after experimental 
pyridoxine intoxication. Neurology 1989;39:1077-
1083.

154.	 Bosy-Westphal A, Holzapfel A, Czech N, Muller 
MJ. Plasma folate but not vitamin B(12) or 
homocysteine concentrations are reduced after 
short-term vitamin B(6) supplementation. Ann Nutr 
Metab 2001;45:255-258.

155.	 Yatzidis H, Koutsicos D, Agroyannis B, et al. 
Biotin in the management of uremic neurologic 
disorders. Nephron 1984;36:183-186.

156.	 Koutsikos D, Agroyannis B, Tzanatos-Exarchou H. 
Biotin for diabetic peripheral neuropathy. Biomed 
Pharmacother 1990;44:511-514.

157.	 Sima AA, Dunlap JA, Davidson EP, et al. 
Supplemental myo-inositol prevents L-
fucose-induced diabetic neuropathy. Diabetes 
1997;46:301-306.

158.	 Carrington AL, Calcutt NA, Ettlinger CB, et 
al. Effects of treatment with myo-inositol or its 
1,2,6-trisphosphate (PP56) on nerve conduction 
in streptozotocin-diabetes. Eur J Pharmacol 
1993;237:257-263.

159.	 Sundkvist G, Dahlin LB, Nilsson H, et al. Sorbitol 
and myo-inositol levels and morphology of sural 
nerve in relation to peripheral nerve function and 
clinical neuropathy in men with diabetic, impaired, 
and normal glucose tolerance. Diabet Med 
2000;17:259-268.

160.	 Salway JG, Whitehead L, Finnegan JA, et al. Effect 
of myo-inositol on peripheral-nerve function in 
diabetes. Lancet 1978;2:1282-1284.

161.	 Gregersen G, Bertelsen B, Harbo H, et al. Oral 
supplementation of myoinositol: effects on 
peripheral nerve function in human diabetics and 
on the concentration in plasma, erythrocytes, urine 
and muscle tissue in human diabetics and normals. 
Acta Neurol Scand 1983;67:164-172.

162.	 Vahdat L, Papadopoulos K, Lange D, et al. 
Reduction of paclitaxel-induced peripheral 
neuropathy with glutamine. Clin Cancer Res 
2001;7:1192-1197.

163.	 Pop-Busui R, Sullivan KA, Van Huysen C, et 
al. Depletion of taurine in experimental diabetic 
neuropathy: implications for nerve metabolic, 
vascular, and functional deficits. Exp Neurol 
2001;168:259-272.

164.	 Stevens MJ, Lattimer SA, Kamijo M, et al. 
Osmotically-induced nerve taurine depletion 
and the compatible osmolyte hypothesis in 
experimental diabetic neuropathy in the rat. 
Diabetologia 1993;36:608-614.

165.	 Li F, Abatan OI, Kim H, et al. Taurine reverses 
neurological and neurovascular deficits in Zucker 
diabetic fatty rats. Neurobiol Dis 2006;22:669-676.

166.	 Li F, Obrosova IG, Abatan O, et al. Taurine 
replacement attenuates hyperalgesia and abnormal 
calcium signaling in sensory neurons of STZ-D 
rats. Am J Physiol Endocrinol Metab 2005;288:
E29-E36.

167.	 Obrosova IG, Fathallah L, Stevens MJ. Taurine 
counteracts oxidative stress and nerve growth factor 
deficit in early experimental diabetic neuropathy. 
Exp Neurol 2001;172:211-219.

168.	 Sagara M, Satoh J, Wada R, et al. Inhibition 
of development of peripheral neuropathy in 
streptozotocin-induced diabetic rats and N-
acetylcysteine. Diabetologia 1996;39:263-269.

169.	 Love A, Cotter MA, Cameron NE. Effects of the 
sulphydryl donor N-acetyl-L-cysteine on nerve 
conduction, perfusion, maturation and regeneration 
following freeze damage in diabetic rats. Eur J Clin 
Invest 1996;26:698-706.

170.	 Lin PC, Lee MY, Wang WS, et al. N-acetylcysteine 
has neuroprotective effects against oxaliplatin-
based adjuvant chemotherapy in colon cancer 
patients: preliminary data. Support Care Cancer 
2006;14:484-487.

171.	 Mather HM, Nisbet JA, Burton GH, et al. 
Hypomagnesaemia in diabetes. Clin Chim Acta 
1979;95:235-242.

172.	 Levin GE, Mather HM, Pilkington TR. Tissue 
magnesium status is diabetes mellitus. Diabetologia 
1981;21:131-134.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Peripheral Neuropathy			  Review

Page 328		  Alternative Medicine Review u Volume 11, Number 4 u 2006

173.	 Hasanein P, Parviz M, Keshavarz M, et al. Oral 
magnesium administration prevents thermal 
hyperalgesia induced by diabetes in rats. Diabetes 
Res Clin Pract 2006;73:17-22.

174.	 Gupta R, Garg VK, Mathur DK, Goyal RK. Oral 
zinc therapy in diabetic neuropathy. J Assoc 
Physicians India 1998;46:939-942.

175.	 Jeejeebhoy KN, Chu RC, Marliss EB, et al. 
Chromium deficiency, glucose intolerance, and 
neuropathy reversed by chromium supplementation, 
in a patient receiving long-term total parenteral 
nutrition. Am J Clin Nutr 1977;30:531-538.

176.	 Verhage AH, Cheong WK, Jeejeebhoy KN. 
Neurologic symptoms due to possible chromium 
deficiency in long-term parenteral nutrition that 
closely mimic metronidazole-induced syndromes. 
JPEN J Parenter Enteral Nutr 1996;20:123-127.

177.	 Jones DB, Carter RD, Mann JI. Indirect evidence 
of impairment of platelet desaturase enzymes in 
diabetes mellitus. Horm Metab Res 1986;18:341-
344.

178.	 Jamal GA, Carmichael H. The effect of gamma-
linolenic acid on human diabetic peripheral 
neuropathy: a double-blind placebo-controlled trial. 
Diabet Med 1990;7:319-323.

179.	 Keen H, Payan J, Allawi J, et al. Treatment of 
diabetic neuropathy with gamma-linolenic acid. 
The gamma-Linolenic Acid Multicenter Trial 
Group. Diabetes Care 1993;16:8-15.

180.	 Dyer O. GMC accuses doctor of research fraud. 
BMJ 2003;326:616.

181.	 Dyer O. GMC reprimands doctor for research 
fraud. BMJ 2003;326:730.

182.	 Coste T, Pierlovisi M, Leonardi J, et al. Beneficial 
effects of gamma linolenic acid supplementation 
on nerve conduction velocity, Na+, K+ ATPase 
activity, and membrane fatty acid composition 
in sciatic nerve of diabetic rats. J Nutr Biochem 
1999;10:411-420.

183.	 Dines KC, Cameron NE, Cotter MA. Comparison 
of the effects of evening primrose oil and 
triglycerides containing gamma-linolenic acid on 
nerve conduction and blood flow in diabetic rats. J 
Pharmacol Exp Ther 1995;273:49-55.

184.	 Ford I, Cotter MA, Cameron NE, Greaves M. 
The effects of treatment with alpha-lipoic acid 
or evening primrose oil on vascular hemostatic 
and lipid risk factors, blood flow, and peripheral 
nerve conduction in the streptozotocin-diabetic rat. 
Metabolism 2001;50:868-875.

185.	 Cameron NE, Cotter MA, Horrobin DH, Tritschler 
HJ. Effects of alpha-lipoic acid on neurovascular 
function in diabetic rats: interaction with essential 
fatty acids. Diabetologia 1998;41:390-399.

186.	 Okuda Y, Mizutani M, Ogawa M, et al. Long-
term effects of eicosapentaenoic acid on diabetic 
peripheral neuropathy and serum lipids in 
patients with type II diabetes mellitus. J Diabetes 
Complications 1996;10:280-287.

187.	 Gerbi A, Maixent JM, Ansaldi JL, et al. Fish oil 
supplementation prevents diabetes-induced nerve 
conduction velocity and neuroanatomical changes 
in rats. J Nutr 1999;129:207-213.

188.	 Coste TC, Gerbi A, Vague P, et al. Neuroprotective 
effect of docosahexaenoic acid-enriched 
phospholipids in experimental diabetic neuropathy. 
Diabetes 2003;52:2578-2585.

189.	 Valensi P, Le Devehat C, Richard JL, et al. A 
multicenter, double-blind, safety study of QR-
333 for the treatment of symptomatic diabetic 
peripheral neuropathy. A preliminary report. J 
Diabetes Complications 2005;19:247-253.

190.	 Sindrup SH, Madsen C, Bach FW, et al. St. John’s 
wort has no effect on pain in polyneuropathy. Pain 
2001;91:361-365.

191.	 Rains C, Bryson HM. Topical capsaicin. A review 
of its pharmacological properties and therapeutic 
potential in post-herpetic neuralgia, diabetic 
neuropathy and osteoarthritis. Drugs Aging 
1995;7:317-328.

192.	 No authors listed. Treatment of painful diabetic 
neuropathy with topical capsaicin. A multicenter, 
double-blind, vehicle-controlled study. The 
Capsaicin Study Group. Arch Intern Med 
1991;151:2225-2229.

193.	 No authors listed. Effect of treatment with 
capsaicin on daily activities of patients with painful 
diabetic neuropathy. Capsaicin Study Group. 
Diabetes Care 1992;15:159-165.

194.	 Scheffler NM, Sheitel PL, Lipton MN. Treatment of 
painful diabetic neuropathy with capsaicin 0.075%. 
J Am Podiatr Med Assoc 1991;81:288-293.

195.	 Tandan R, Lewis GA, Krusinski PB, et al. Topical 
capsaicin in painful diabetic neuropathy. Controlled 
study with long-term follow-up. Diabetes Care 
1992;15:8-14.

196.	 Tandan R, Lewis GA, Badger GB, Fries TJ. Topical 
capsaicin in painful diabetic neuropathy. Effect on 
sensory function. Diabetes Care 1992;15:15-18.

197.	 Biesbroeck R, Bril V, Hollander P, et al. A double-
blind comparison of topical capsaicin and oral 
amitriptyline in painful diabetic neuropathy. Adv 
Ther 1995;12:111-120.

198.	 Forst T, Pohlmann T, Kunt T, et al. The influence 
of local capsaicin treatment on small nerve fibre 
function and neurovascular control in symptomatic 
diabetic neuropathy. Acta Diabetol 2002;39:1-6.

199.	 Robbins WR, Staats PS, Levine J, et al. Treatment 
of intractable pain with topical large-dose 
capsaicin: preliminary report. Anesth Analg 
1998;86:579-583.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Review Peripheral Neuropathy

Alternative Medicine Review u Volume 11, Number 4 u 2006		  Page 329

200.	 Paice JA, Ferrans CE, Lashley FR, et al. Topical 
capsaicin in the management of HIV-associated 
peripheral neuropathy. J Pain Symptom Manage 
2000;19:45-52.

201.	 Irnich D, Winklmeier S, Beyer A, Peter K. Electric 
stimulation acupuncture in peripheral neuropathic 
pain syndromes. Clinical pilot study on analgesic 
effectiveness. Schmerz 2002;16:114-120. [Article 
in German]

202.	 Shlay JC, Chaloner K, Max MB, et al. Acupuncture 
and amitriptyline for pain due to HIV-related 
peripheral neuropathy: a randomized controlled 
trial. Terry Beirn Community Programs for Clinical 
Research on AIDS. JAMA 1998;280:1590-1595.

203.	 Galantino ML, Eke-Okoro ST, Findley 
TW, Condoluci D. Use of noninvasive 
electroacupuncture for the treatment of HIV-related 
peripheral neuropathy: a pilot study. J Altern 
Complement Med 1999;5:135-142.

204.	 Phillips KD, Skelton WD, Hand GA. Effect of 
acupuncture administered in a group setting on pain 
and subjective peripheral neuropathy in persons 
with human immunodeficiency virus disease. J 
Altern Complement Med 2004;10:449-455.

205.	 Wong R, Sagar S. Acupuncture treatment for 
chemotherapy-induced peripheral neuropathy – a 
case series. Acupunct Med 2006;24:87-91.

206.	 Jiang H, Shi K, Li X, et al. Clinical study on the 
wrist-ankle acupuncture treatment for 30 cases 
of diabetic peripheral neuritis. J Tradit Chin Med 
2006;26:8-12.

207.	 Abuaisha BB, Costanzi JB, Boulton AJ. 
Acupuncture for the treatment of chronic painful 
peripheral diabetic neuropathy: a long-term study. 
Diabetes Res Clin Pract 1998;39:115-121.

208.	 Wang YP, Ji L, Li JT, et al. Effects of acupuncture 
on diabetic peripheral neuropathies. Zhongguo 
Zhen Jiu 2005;25:542-544. [Article in Chinese]

209.	 Weintraub MI, Cole SP. Pulsed magnetic field 
therapy in refractory neuropathic pain secondary to 
peripheral neuropathy: electrodiagnostic parameters 
– pilot study. Neurorehabil Neural Repair 
2004;18:42-46.

210.	 Weintraub MI, Wolfe GI, Barohn RA, et al. 
Static magnetic field therapy for symptomatic 
diabetic neuropathy: a randomized, double-blind, 
placebo-controlled trial. Arch Phys Med Rehabil 
2003;84:736-746.

211.	 Malhotra V, Singh S, Tandon OP, et al. Effect 
of Yoga asanas on nerve conduction in type 2 
diabetes. Indian J Physiol Pharmacol 2002;46:298-
306.

212.	 Tam J, Diamond J, Maysinger D. Dual-action 
peptides: a new strategy in the treatment of 
diabetes-associated neuropathy. Drug Discov Today 
2006;11:254-260.

213.	 Ohtomo Y, Aperia A, Sahlgren B, et al. C-peptide 
stimulates rat renal tubular Na+, K(+)-ATPase 
activity in synergism with neuropeptide Y. 
Diabetologia 1996;39:199-205.

214.	 Wallerath T, Kunt T, Forst T, et al. Stimulation of 
endothelial nitric oxide synthase by proinsulin C-
peptide. Nitric Oxide 2003;9:95-102.

215.	 Zhang W, Kamiya H, Ekberg K, et al. C-peptide 
improves neuropathy in type 1 diabetic BB/Wor-
rats. Diabetes Metab Res Rev 2006 Jul 17; [Epub 
ahead of print]

216.	 Ekberg K, Brismar T, Johansson BL, et al. 
Amelioration of sensory nerve dysfunction by C-
peptide in patients with type 1 diabetes. Diabetes 
2003;52:536-541.

217.	 Tam J, Rosenberg L, Maysinger D. INGAP peptide 
improves nerve function and enhances regeneration 
in streptozotocin-induced diabetic C57BL/6 mice. 
FASEB J 2004;18:1767-1769.

218.	 Keswani SC, Buldanlioglu U, Fischer A, et al. 
A novel endogenous erythropoietin mediated 
pathway prevents axonal degeneration. Ann Neurol 
2004;56:815-826.

219.	 Bianchi R, Buyukakilli B, Brines M, et al. 
Erythropoietin both protects from and reverses 
experimental diabetic neuropathy. Proc Natl Acad 
Sci U S A 2004;101;823-828.

220.	 Bianchi R, Brines M, Lauria G, et al. Protective 
effect of erythropoietin and its carbamylated 
derivative in experimental cisplatin peripheral 
neurotoxicity. Clin Cancer Res 2006;12:2607-2612.

221.	 Keswani SC, Leitz GJ, Hoke A. Erythropoietin 
is neuroprotective in models of HIV sensory 
neuropathy. Neurosci Lett 2004;371:102-105.

222.	 Li DY. Proteins spur diabetic mice models to grow 
blood vessels, nerves. www.medicalnewstoday.
com/medical news.php?newsid=46420 [Accessed 
July 4, 2006]

223.	 Brunelli B, Gorson KC. The use of complementary 
and alternative medicines by patients with 
peripheral neuropathy. J Neurol Sci 2004;218:59-
66.


