CLINICAL REVIEW

Botanicals and Dietary Supplements in Diabetic
Peripheral Neuropathy

Kathleen M. Halat, and Catbi E. Denneby, PharmD

Background: Many persons use botanicals and dietary supplements for chronic conditions that do not
respond to traditional Western medications. Tricyclic antidepressants, a common treatment option for
diabetic neuropathy, can have many side effects and are a poor choice in certain populations (eg, the
elderly). As such, patients might turn to botanicals and dietary supplements, not realizing that these
products are not well regulated.

Methods: This article reviews botanicals and dietary supplements that have been involved in random-
ized controlled trials (RCTs) for diabetic neuropathy. We searched MEDLINE for English-language liter-
ature dating from 1966 to April 2001 using the following subject headings: (1) diabetes and botanical,
herb, and supplement, (2) neuropathy and botanical, herb, and supplement, and (3) diabetic neuropa-
thy and botanical, herb, and supplement.

Results: Our search found agents that might improve symptoms of neuropathy (eg, evening primrose
oil, alpha-lipoic acid, capsaicin) without affecting glucose control. Botanicals and dietary supplements
involved in only one RCT or associated with little clinical benefit were reviewed in brief.

Conclusions: Evening primrose oil, alpha-lipoic acid, and capsaicin have received the greatest atten-
tion for their use in diabetic neuropathy, but further studies are needed to confirm their efficacy. Pa-
tients using these products need to be informed of potential drug interactions and side effects. (J Am

Board Fam Pract 2003;16:47-57.)

Peripheral neuropathy is a complication of both
insulin dependent (type 1) and non-insulin-depen-
dent (type 2) diabetes mellitus. It is characterized
by a progressive loss of nerve fibers that predisposes
the patient to painful or insensitive extremities,
neuropathic ulceration, and amputation. Affected
nerve functions include reduced nerve conduction
velocity, decreased temperature sensation, de-
creased tendon reflex response, and a decreased
ability to detect vibration and touch.

Long-term elevation of plasma glucose levels
has been established as the definitive cause for
diabetic peripheral neuropathy.! With time, ele-
vated plasma and nerve glucose levels contribute
to nerve degeneration by a number of proposed
mechanisms. These mechanisms include metabolic
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changes, such as increased polyol pathway flux,
increased formation of oxygen free radicals, and
the formation of advanced glycosylation end
products.” Reduced nerve perfusion and de-
creased production of prostaglandin vasodilators
has also been proposed as contributing factors.***
Although tight glycemic control is the best way
to avoid developing neuropathy, not all patients
achieve this goal.

In 1994, the Dietary Supplement Health and
Education Act, defined a dietary supplement as a
vitamin, mineral, herb or other botanical, amino
acid, or substance, such as a coenzyme, organ tis-
sue, glandular, or metabolite.” This article will re-
view some of the botanicals and dietary supple-
ments that might relieve symptoms associated with
diabetic neuropathy but do not affect blood glucose
control. Currently, these botanicals and supple-
ments for neuropathy are being advertised to pa-
tients through various media and over the Internet.
The purpose of this article is to review the scientific
evidence for products that might benefit neuropa-
thy or its pathologic features, rather than to rec-
ommend a particular product.
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Methods

We searched MEDLINE for English-language lit-
erature dating from 1966 to April 2001 using the
following subject headings: (1) diabetes and botan-
ical, herb, and supplement; (2) neuropathy and bo-
tanical, herb, and supplement; and (3) diabetic neu-
ropathy and botanical, herb, and supplement. The
bibliographies of pertinent articles and reviews on
diabetic neuropathy that discussed alternative ther-
apies were searched to find additional references.
Randomized controlled trials (RCT's) conducted in
humans and involving an herb, botanical, or sup-
plement for diabetic neuropathy were included.
Once a product was found, a separate MEDLINE
search was performed using the name of that sup-
plement to find additional RCTs.

Dietary supplements and botanicals having more
than one RCT for diabetic neuropathy and report-
ing some favorable outcome were reviewed more
extensively. These products included evening
primrose oil, alpha-lipoic acid, and capsaicin. Di-
etary supplements and botanicals having only one
RCT or associated with little clinical benefit were
reviewed in brief. These products included acetyl-
L-carnitine, pyridoxine (vitamin By), vitamin E, and
St. John’s wort.

Evening Primrose 0il

History

Evening primrose oil is extracted from the seeds of
Oenothera biennis. Evening primrose oil is a rich
source of omega-6 essential fatty acids, primarily
gamma-linolenic acid (GLA) and linoleic acid, both
essential components of myelin and the neuronal
cell membrane. Commercial preparations of
evening primrose oil are typically standardized to
8% GLA and 72% linoleic acid.®

Pharmacology

Linoleic acid forms GLA by means of an enzymatic
reaction involving A-6-desaturase (Figure 1). GLA
forms di-homo-gamma-linolenic acid (DGLA),
which can be converted to prostaglandin E; (PGE,)
or to arachidonic acid byproducts (eg, series 2 pros-
taglandins [PGE,], leukotrienes, and thrombox-
ane). PGE, is preferentially formed, however, be-
cause the conversion from DGLA to arachidonic
acid is slower.” PGE; has anti-inflammatory, anti-
platelet, and vasodilating properties. PGE,, leuko-

trienes, and thromboxane tend to promote inflam-
mation, vasoconstriction, and platelet aggregation.

The enzymatic activity of A-6-desaturase, which
is compromised in patients with type 1 and type 2
diabetes mellitus, can decrease the production of
PGE,.? Decreased production of PGE, has been
proposed to enhance the formation of PGE, and
thromboxane.” As a result, levels of PGE, are de-
creased, and levels of PGE, and thromboxane are
increased in patients with diabetes.'®

Supplementing the diet with GLA has been
shown to augment the production of PGE; by
bypassing the blocked enzymatic step.'''* Supple-
mentation with products rich in linoleic acid (eg,
corn oil) is unlikely to be beneficial, as this action
precedes the blocked step.'’ Levels of PGE,, leu-
kotrienes, and thromboxane are not increased in
the presence of GLA. Although the exact mecha-
nism is unclear, feedback inhibition from increased
PGE, synthesis might be responsible.’

Clinical Studies

Because GLA is an essential component of the
neuronal membrane and has been shown to in-
crease the production of PGE,, dietary supplemen-
tation with products rich in GLA (eg, evening
primrose oil) has been suggested.”!* Three RCTs
have examined the effect of GLA in diabetic neu-
ropathy; results from all three trials are detailed in
Table 1. The first randomized, double-blind place-
bo-controlled study involved 22 patients with type
1 and type 2 diabetes mellitus and mild distal dia-
betic neuropathy for a mean of 3 years."” Patients
received 360 mg/d of GLA or an indistinguishable
placebo for 6 months. Patients receiving GLA had
statistically significant improvements in 6 of 6
nerve function measurements, wrist and ankle heat
threshold values, and overall symptom scores. Gly-
cohemoglobin (HbA, -) was not significantly differ-
ent between treatment groups, indicating that GLA
had no effect on glucose control. Side effects were
similar for patients receiving evening primrose oil
and placebo.

The second trial was a larger randomized,
double-blind placebo-controlled study involving
111 patients with type 1 and type 2 diabetes and
mild or moderate neuropathy, 84 of whom com-
pleted the study.'® Patients with severe neuropathy
were excluded. Patients received either a placebo
(liquid paraffin) or 480 mg/d of GLA for 1 year. At
1 year, patients who received GLA had a statisti-
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Figure 1. Production of series 1 and 2 prostaglandins from linoleic acid.

cally significant increase in 13 of 16 neural function
measurements compared with placebo. Sex, age,
and type of diabetes had no effect on the results.
Side effects were similar in both groups. Improve-
ments were significantly greater in patients with
glycohemoglobin values of less than 10%, defined
as relatively well-controlled diabetes in this study,
as compared with those with glycohemoglobin val-
ues of 10% or greater. Interestingly, the definition
of relatively well-controlled diabetes used in this
trial exceeds the current standard of HbA,- < 7%
set by the American Diabetic Association (ADA)."®

Results from the third trial examined vibratory
perception threshold, a measurement different
from those of previous trials.'” This randomized,
double-blind, placebo-controlled study examined
51 patients with type 1 and type 2 diabetes and
autonomic peripheral neuropathy who received
480 mg or GLA a day or placebo for 1 year. At the
study endpoint, patients receiving evening prim-

rose oil showed no improvements in vibratory per-
ception threshold compared with placebo.

Adverse Effects, Cautions, and Drug Interactions

In clinical trials, the side effect profile for evening
primrose oil was generally mild and similar to pla-
cebo. Evening primrose oil might interact with cer-
tain prescripdon and nonprescription medications,
however. By decreasing the formation of thrombox-
ane and increasing the formation PGE,, evening
primrose oil can inhibit platelet aggregation. Patients
taking antiplatelet or anticoagulant medications
should use evening primrose oil cautiously or not at
all. Theoretically, the effects of evening primrose oil
could also be diminished by nonsteroidal anti-inflam-
matory medications that block prostaglandin forma-
tion. There have been case reports of seizures in
patients taking evening primrose oil for schizophre-
nia'” and in a patient using a combination evening
primrose oil, black cohosh, and chasteberry product
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Table 1. Clinical Trials of Evening Primrose Qil and Diabetic Neuropathy.

Number Duration
Trial Design R/C Dose (mo) Outcome*
Jamal & Carmichael,"’ R,DB,PL 22/22 360 mg qd 6 Significant improvement
1990 Symptom scores (—2.1 vs 0.9)
Median MCV (1.4 vs —1.4)
Peroneal MCV (1.9 vs —0.1)
Median CMAP (1.0 vs —0.7)
Peroneal CMAP (0.7 vs —0.3)
Median (1.8 vs —1.7)
Sural SNAP (0.4 vs —1.5)
Ankle HT (°C) (=2.3 vs 0.5)
Wrist HT (°C) (—0.5 vs 0.02)
Not significant
Sign scores
Ankle, wrist CT (°C)
Keen et al,'é 1993 R,DB,PL 111/84 480 mg qd 12 Significant improvements
Median MCV 2.4 vs —2.1)
Peroneal MCV (2.2 vs —1.9)
Extensor digitorum brevis CMAP (1.2 vs —0.6)
Thenar CMAP (1.4 vs —1.1)
Median SNAP (2.4 vs —1.3)
Sural SNAP (1.7 vs —1.0)
Wrist HT (°C) (0.8 vs —0.4)
Wrist CT (°C) (0.8 vs —0.3)
Arm tendon reflex (2.9 vs —12.0)
Leg tendon reflex (17.7 vs 0.5)
Arm sensation (6.9 vs —7.3)
Leg sensation (15.0 vs —8.4)
Arm muscle strength (4.9 vs —7.4)
Not significant
Ankle HT and CT (°C)
Leg muscle strength
Purewal et al,'” 1997 R,DB,PL 51/51 480 mg qd 12 Not significant

Vibratory threshold at hallux

R = randomized, DB = double-blind, PL = placebo-controlled, C = number of patients completing trial, MCV = median
conduction velocity, CMAP = compound muscle action potential, SNAP = sensory nerve action potential, HT = heat threshold,

CT = cold threshold.

*Numbers in parenthesis indicate significant difference compared with placebo in favor of evening primrose oil.

for premenstrual symptoms.”” Product analysis, how-
ever, was not performed, so the causative agent could
not be confirmed. Caution is advised for patients with
preexisting seizure disorders.

Formulation and Dosage

In trials reporting positive results, a treatment
duration of 6 to 12 months was generally re-
quired. Efamol, the most common formulation
used, is available in the United States as 500-mg
capsules. The recommended dose of evening
primrose oil is 8 to 12, 500-mg capsules each day.
Each capsule has 40 mg of GLA, so a dose of 360
to 480 mg of GLA requires 9 to 12 capsules.
Given this large quantity of capsules, patient
compliance could be a problem. Furthermore,
the oil content of the recommended dose could
potentially contribute to weight gain, an already
undesirable effect in overweight diabetics.

Clinical Recommendation

At the present time, the body of knowledge con-
cerning evening primrose oil and diabetic neurop-
athy is limited and inconclusive. Beneficial results
from two clinical trials and a mild side-effect pro-
file, however, suggest that evening primrose oil
might be useful in cases of mild diabetic neuropa-
thy. It might also be useful as an add-on therapy for
patients with mild to moderate neuropathy who
achieve only partial relief from prescription drug
therapy. In such cases, patients need to be educated
about proper dosage, potential drug interactions,
and side effects.

Alpha-Lipoic Acid

History

Alpha-lipoic acid, also known as thioctic acid, is ap-
proved for clinical use in the management of diabetic
neuropathy in Germany.?! Treatment with alpha-
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Table 2. Clinical Trials of Alpha-Lipoic Acid (ALA) and Diabetic Neuropathy.

Number
Trial Design R/C Dose Duration Outcome*
Ziegler et al,” R,DB,PL 328/260 100, 600, or 1,200 mg qd 3wk Significant improvements
199524 parenteral ALA HPAL—600/1,200
(—1.4/—1.2 vs —0.5)
HPAL
NDS—1,200 (—1.8 vs —1.0)
PGE—600 (76% vs 46%)
Not significant
HPAL—100; NDS—100/600
PGE—100/1,200
Reljanovic et al,’®  R,DB,PL  299/169/65T 600 or 1,200 mg qd 2y Significant improvements
1999 oral ALA Sural SNCV—600/1,200
(3.0/3.8 vs —0.1)
Sural SNAP—600 (0.3 vs —0.7)
Tibial MNCV—1,200
(1.2 vs —1.5)
Not significant
Sural SNAP—1,200; tibial
MNCV—600
Tibial MNDL—600/1,200;
NDS—600/1,200
Ziegler et al,”’ R,DB,PL 503/377 1. 600 mg qd parenteral ALA 6 mo Significant improvements
1999%% (3 wk) then 1,800 mg qd NIS—3 wk (=4.3 vs —3.5)
oral ALA (6 mo) OR NIS-LL—3 wk (=3.3 vs —2.8)
2. 600 mg qd parenteral ALA Not significant
(3 wk) then oral placebo TSS—3 wk/6 mo
(6 mo) OR NIS—6 mo; NIS-LL—6 mo
3. Parenteral placebo (3 wk)
then oral placebo (6 mo)
Ruhnau et al,*® R,DB,PL 24/22 1,800 mg qd oral ALA 3 wk Significant improvements

1999

TSS (—3.8vs —1.9)
NDS (—0.3 vs 0.2)

Not significant
HPAL

R = randomized, DB = double-blind, PL. = placebo-controlled, C = number of patients completing trial, HPAL = Hamburg pain
adjective list, NDS = neuropathy disability score, PGE = physician’s global evaluation based on a rating scale of change in pain
severity, SNCV = sensory nerve conduction velocity, SNAP = sensory nerve action potential, MNCV = motor nerve conduction
velocity, MNDL = motor nerve distal latency, NIS = neuropathy impairment score, NIS-LL = neuropathy impairment score—lower

limb, TSS = total symptom score.

*Numbers in parenthesis indicate significant difference compared with placebo in favor of ALA.
TAlthough 169 patients completed the trial, data from only 65 patients were used because of problems with data collection.

lipoic acid improves nerve blood flow and distal nerve
conduction and increases endoneurial glucose uptake
and energy metabolism in animals.*>** Alpha-lipoic
acid has also been used to reduce oxidative damage
associated with mushroom poisoning, radiation, and
alcoholic hepatitis.?!

Pharmacology

Alpha-lipoic acid is an endogenous, sulfur-containing,
free radical scavenger found in mitochondria. Free
radicals can reduce nitric-oxide-mediated vasodilation
and damage to the vascular endothelium.” Alpha-
lipoic acid also recycles other antioxidants, such as
vitamins E and C, but can chelate with transition
metals, such as iron and copper. Because it is both fat-
and water-soluble, alpha-lipoic acid reduces oxidation

throughout the body.*!

Clinical Trials
A systematic review of 15 trials concluded that
short-term treatment with parenteral alpha-lipoic
acid, 600 mg/d, reduced neuropathic symptoms
and deficits.”* These conclusions were primarily
based on the results of four randomized, double-
blind, placebo-controlled studies entitled ALADIN
(Alpha Lipoic Acid in Diabetic Neuropathy), ALA-
DIN II, ALADIN TII, and ORPIL (Oral Pilot), the
results of which are detailed in Table 2. Problems
with sample size, study design, and the way in
which neuropathic symptoms were scored made
results from the previous 10 trials inconclusive. An
additional trial that assessed cardiac autonomic
neuropathy will not be discussed.

In the ALADIN study, 328 patients with type 2
diabetes mellitus and symptomatic peripheral neu-
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ropathy were randomly assigned to 100, 600, or
1,200 mg/d of parenteral alpha-lipoic acid or pla-
cebo.”” At 3 weeks, of the 260 patients that com-
pleted the study, those receiving the 600 and 1,200
mg/d doses of alpha-lipoic acid had statistically
significant improvements in pain, paresthesias, and
numbness compared with placebo. Improvements
at the 1,200 mg/d dose were greater, but this group
also reported more adverse effects (eg, gastrointes-
tinal upset and headache). Glycohemoglobin levels
were similar among treatment groups at 3 weeks,
indicating that alpha-lipoic acid did not affect glu-
cose control.

The ALADIN II study examined the effects of
oral alpha-lipoic acid, 600 or 1,200 mg/d, in 65
patients with type 1 and type 2 diabetes and symp-
tomatic polyneuropathy.?® At 2 years, both doses of
alpha-lipoic acid showed a statistically significant
increase in nerve conduction velocity compared
with placebo. Severity of symptoms was not im-
proved, however, based on the Neuropathy Dis-
ability Score. The Neuropathy Disability Score
measures ankle reflexes, vibration, pinprick, and
temperature sensation at the great toe and was
developed to screen large populations of patients in
epidemiologic studies.”” As a result, the sample size
in the ALADIN II study might have been too small
to detect significant changes in the Neuropathy
Disability Score. Glycohemoglobin levels were
similar between groups at the study endpoint.

ALADIN III examined the effects of short-term
treatment with parenteral alpha-lipoic acid fol-
lowed by extended treatment with oral alpha-lipoic
acid.”’ In this multicenter trial, 503 patients with
type 2 diabetes and symptomatic peripheral neu-
ropathy were placed in one of three treatment
groups: (1) 600 mg/d parenteral alpha-lipoic acid
for 3 weeks, then 1,800 mg/d of oral alpha-lipoic
acid for 6 months; (2) 600 mg/d parenteral alpha-
lipoic acid for 3 weeks, then an indistinguishable
oral placebo for 6 months; or (3) parenteral placebo
for 3 weeks, then oral placebo for 3 months. Neu-
ropathic deficits were significantly reduced in pa-
tients receiving parenteral alpha-lipoic acid at 3
weeks. After 6 months of treatment with oral alpha-
lipoic acid, a decrease in neuropathy impairment
scores was observed; however, this difference was
not significant. At the study endpoint, no signifi-
cant differences were detected in glycohemoglobin
levels or adverse side effects between the treatment
groups.

Contrary to the results from ALADIN III, the
ORPIL study found that oral administration of 1,800
mg/d of alpha-lipoic acid reduced neuropathic deficits
and symptoms in padents with type 2 diabetes and
symptomatic polyneuropathy during a 3-week peri-
0d.?® The sample size in this trial, however, was sub-
stantially smaller; only 22 patients completed the trial.

Two additional studies entitled NATHAN
(Neurological Assessment of Thioctic Acid in Neu-
ropathy) T and II are currently underway.’*
NATHAN I is a randomized, 4-year, double-blind,
placebo-controlled investigation to examine the ef-
fect of oral alpha-lipoic acid on diabetic polyneurop-
athy. NATHAN II, like the ALADIN studies, ex-
amines the effect of short-term (3-week) parenteral
alpha-lipoic acid. Both studies are likely to provide
further insight into questions regarding formula-
tion, treatment duration, and clinical efficacy.

Adverse Effects, Cautions, and Drug Interactions
Clinical and postmarketing surveillance studies
have indicated that alpha-lipoic acid has a favorable
side effect profile.”* Adverse effects are mild and
include headache, skin rash, stomach upset at high
doses (>600 mg/d) and possible hypoglycemia.?!-*¢
Patients and physicians need to be aware that al-
pha-lipoic acid is a chelating agent and might cause
mineral shortages in the body. As a result, iron
levels should be monitored in patients taking alpha-
lipoic acid. In addition, a vitamin B supplement
should be taken if alpha-lipoic acid is given to
patients who are thiamine-deficient (eg, alcoholics).
Patients taking other medications that chelate with
alpha-lipoic acid (eg, antacids) should space the
dosing of these products by at least 2 hours.

Formulation and Dosing

In clinical trials, symptomatic improvements were
more likely to be observed after short-term paren-
teral use than after long-term use of oral alpha-
lipoic acid. It is not available in the United States as
a parenteral formulation, but tablet strengths rang-
ing from 30 to 100 mg are available. Some clinical
trials report significant improvements in nerve con-
duction velocity with oral doses of 600 to 1,200
mg/d for 2 years.” Symptom improvement was
also observed using 1,800 mg/d for 3 weeks.*® The
optimal dose for oral dosing is currently unknown,
but a minimum treatment duration of 3 weeks is
likely required.
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Clinical Recommendation

As more research on the long-term benefits of
alpha-lipoic acid become available, statements con-
cerning the long-term safety and clinical effective-
ness can be made. At this time, because alpha-lipoic
acid has a limited side effect profile and is already
approved in Germany for diabetic neuropathy, it
should be considered as a treatment option for
diabetic patients with mild to moderate neuropa-
thy. In such cases, patients should be educated
about the potential side effects and vitamin and
mineral deficiencies associated with alpha-lipoic
acid use.

Capsaicin

History

Capsaicin, an ingredient in chili pepper, has been
used for centuries both orally for dyspepsia and
topically as a counterirritant.’® Today, capsaicin is
most often used for its analgesic properties for a
variety of disorders, including osteoarthritis, post-
mastectomy pain, cluster headache, psoriasis, post-
herpectic neuralgia, and diabetic neuropathy.*®?!
Unlike many other botanical-based products, cap-
saicin is regulated as an over-the-counter product
by the Food and Drug Administration and there-
fore meets manufacturing, safety, and clinical effi-
cacy standards for over-the-counter products.

Pharmacology

Diabetic sensory neuropathy involves both large
and small sensory fibers. While large-fiber involve-
ment is often painless, small-fiber loss can manifest
as symptoms of shooting, burning, or sharp pain
and aching.’? Capsaicin directly affects sensory fi-
bers, especially C-fibers.”! The capsaicin receptor
that is located only on small, slow-conducting, un-
myelinated C-fibers regulates calcium flux.’! Initial
application of capsaicin stimulates these fibers and
depletes endogenous neurotransmitter stores asso-
ciated with pain transmission, such as substance P,
vasoactive intestinal peptide, cholecystokinin, and
somatostatin.”® The result can be a burning sensa-
tion within the first few weeks of use. Successive
application, however, results in a dose-dependent
degeneration and desensitization of afferent fibers,
blocking further action potential conduction.’" By
maintaining afferent sensations for touch, temper-
ature, and vibration and by blocking those for pain,
patients with neuropathy who use capsaicin can

continue to monitor for signs of possible foot ul-
ceration.”

Clinical Studies

Only one trial has compared topical capsaicin to
tricyclic antidepressants for diabetic neuropathy.*
This randomized, double-blind trial enrolled 250
patients with type 1 and type 2 diabetes mellitus
and painful chronic neuropathy. Patients received
topical capsaicin 0.075% four times a day and oral
placebo or topical placebo and oral amitriptyline
titrated up from 25 mg/d to a maximum of 125
mg/d (mean dose not stated). Methyl nicotinate
was used as the topical placebo for the first 2 weeks
to simulate the burning associated with capsaicin.
After 8 weeks, equivalent, statistically significant
improvements in pain severity, pain relief, and ac-
tivities of daily living were observed in both groups
compared with baseline. The differences were not
significantly different between groups, indicating
an equivalent clinical response. Systemic adverse
effects were significantly more frequent in patients
receiving amitriptyline (eg, sedation, antichol-
inergic effects), while topical skin reactions were
significantly more frequent in patients receiving
capsaicin. The latter might have compromised
blinding. In addition, given the lack of a topical and
oral placebo arm, the magnitude of a placebo re-
sponse is unknown.

Other randomized, double-blind trials have
compared topical capsaicin 0.075% with topical
placebo for 4 to 12 weeks in patients with diabetic
neuropathy.’>?**7? These trials are described in
detail in Table 3. All trials assessed pain based on
three scales: the Physician’s Global Evaluation
scale (PGE), which rates patient’s pain as com-
pletely gone (+3), much better (+2), better (+1),
no change (0), worse (—1), or much worse (—2), a
100-mm visual analog scale for severity (VAS-P),
and a similar scale for relief (VAS-R). Four trials
enrolled 22 to 277 patients with types 1 and 2
diabetes and moderate to severe neuropa-
thy.*?*97*® Two reported significant improvements
in all three outcome measures at 8 weeks,’>’
whereas two reported significant improvements in
only one outcome measure at 4 to 8 weeks.**®

In most trials, patients were more likely to ex-
perience burning after application with capsaicin
(60% to 63%) compared with placebo (17% to
20%), which could have affected blinding. The
largest trial also had a significantly higher dropout
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Table 3. Clinical Trials of Capsaicin and Diabetic Neuropathy.

Number
Trial Design R/C

Dose Duration (wk) Outcome*

Chad et al,*® 1990 R,DB,PL 58/46

Scheffler et al,*2 1991 R,DB,PL 54/49

Capsaicin Study Group,’” R,DB,PL 277/219

1991

Tandan et al,*® 1992 R,DB,PL 22/20

Low et al,*® 19951 R,DB,PL 40/39

0.075% cap qid 4

0.075% cap qid 8

0.075% cap qid 8

0.075% cap qid 8

0.075% cap qid 12

Significant improvements
VAS-R (71 vs 41%)
Not significant
VAS-P
PGE

Significant improvements
PGE (90 vs 50%)
VAS-P (49 vs 17%)
VAS-R (66 vs 39%)

Significant improvements
PGE (71 vs 51%)
VAS-P (40 vs 28%)
VAS-R (60 vs 45%)

Significant improvements
PGE (60 vs 20%)

Not significant
VAS-P
VAS-R

Not significant
PGE
VAS-P
VAS-R

Note: R = randomized, DB = double-blind, PL. = placebo-controlled, C = number of patients completing trial, VAS-R = visual
analogue scale for pain relief, VAS-P = visual analogue scale for pain severity, PGE = physician’s global evaluation based on a rating

scale of change in pain severity.

*Numbers in parenthesis indicate significant difference in favor of capsaicin compared with placebo.

TOnly 12% of patients enrolled in this trial had diabetes.

rate for patients using capsaicin.’” When the results
of this trial were analyzed again using an intention-
to-treat analysis, all three outcome measures be-
came insignificant. Meta-analysis of these four tri-
als, however, still showed a significant benefit for
capsaicin compared with placebo, with an odds ra-
tio of 2.74 (95% confidence interval 1.73-4.32).%°
In a fifth trial, 40 patients with moderate distal
neuropathy, of which 7 (12%) had diabetes, expe-
rienced no improvement in any outcome measure
at 12 weeks.’” This trial also used a methyl nicoti-
nate placebo to simulate the initial burning sensa-
tion from capsaicin.

Adverse Effects, Cautions, and Drug Interactions

Capsaicin is commonly associated with a burning
sensation at the site of application that lasts 2 to 14
days. This sensation might affect patient compli-
ance, and patients should be advised to continue
use, if the pain is tolerable, because up to 4 to 6
weeks can pass before benefits are appreciated. Ap-
plication with gloves is recommended to avoid con-
tact with the eyes and other mucous membranes.
Patients with open wounds or broken skin should
avoid contact with capsaicin in these areas. There

are no drug-drug interactions reported for cap-
saicin.

Formulation and Dosing

Capsaicin is available without a prescription in two
strengths, 0.025% and 0.075%, but the higher
strength has typically been used for diabetic neu-
ropathy. It is important that both patients and
health care providers know that capsaicin used on a
daily, twice daily, or as-needed basis is likely inef-
fective. Clinical trials show that application must
take place three to four times a day for improve-
ment.

Clinical Recommendation

The clinical usefulness of capsaicin is not conclu-
sive. It could be effective as monotherapy in cases
of mild to moderate diabetic neuropathy. It might
also be useful as an adjunctive agent in combination
with prescription drug therapy. The appropriate
dosing of capsaicin is essential for symptomatic
improvement. Unfortunately, many patients and
providers often prescribe this product at too low
dosages.
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Other Dietary Supplements

A number of other dietary supplements have been
promoted as treatments for diabetic neuropathy.
These supplements include acetyl-L-carnitine,
pyridoxine (vitamin B), vitamin E, and St. John’s
wort. In general, these products have been less well
researched or have reported negative findings for
diabetic neuropathy.

Acetyl-i-carnitine

Acetyl-L-carnitine, an endogenous substance simi-
lar in structure to acetylcholine, is involved in the
uptake and oxidation of long-chain fatty acids in
mitochondria.** Low levels of acetyl-L-carnitine
have been found in the sciatic nerve of diabetic rats,
and acetyl-L-carnitine supplementation has been
shown to improve nerve function.*'~* In humans,
two studies have examined the effect of acetyl-L-
carnitine on diabetic neuropathy. The first RCT
examined 20 patients with symptomatic neuropathy
for a 15-day period.*” Patients received either in-
tramuscular acetyl-L-carnitine or placebo at 1,000
mg/d. At the end of the study, patients receiving
acetyl-L-carnitine showed a significant decrease in
neuropathic symptoms compared with placebo, but
no change in vibratory perception threshold.

The second study was a much larger random-
ized, double-blind, placebo-controlled study that
examined the effect of acetyl-L-carnitine adminis-
tration on neuropathic symptoms and first foot
ulceration.** In this study, 1,035 patients with type
1 and 2 diabetes and peripheral neuropathy re-
ceived 1,000 mg/d of oral acetyl-L-carnitine or pla-
cebo for 1 year. At the study endpoint, there were
no significant differences in neurological parame-
ters (vibratory perception threshold, muscle
strength, reflexes, 10-g monofilament scores) or
rate of first foot ulceration between treatment
groups.

Vitamin B,

Low levels of vitamin B4 have been reported in
patients with diabetic neuropathy but not in dia-
betic patients without neuropathy.” Deficiencies
of vitamin By have also been linked to peripheral
neuropathy in persons consuming isoniazid.*® As
such, a number of studies have evaluated the effec-
tiveness of vitamin By in diabetic neuropathy. One
small-scale, 6-week trial, with an open-study design
evaluated the effect of 25 mg of oral vitamin B, in

10 diabetic patients.*” Although this trial observed
symptomatic improvement in all patients, three
subsequent randomized, double-blind placebo-

controlled studies found no benefit.**—>°

Vitamin E

The effect of vitamin E on nerve function param-
eters was evaluated in a randomized, double-blind,
placebo-controlled trial involving 21 patients with
type 2 diabetes and mild-to-moderate neuropa-
thy.”! Patients received 900 IU of vitamin E or
placebo for 6 months. Although there were no
changes in glycemic indices, both median and tibial
motor nerve conduction velocity were significantly
improved in the vitamin E group compared with
placebo.

St Jobn’s Wort

St. John’s wort has been proposed as an analgesic
for painful diabetic neuropathy. Similar to the tri-
cyclic antidepressants that are used in the manage-
ment of neuropathy, St. John’s wort might also
have antidepressant qualities. One study examined
the effect of St. John’s wort on pain in patients with
diabetic and nondiabetic neuropathy.’”> In this
double-blind study, 47 patients, 18 diabetic and 29
nondiabetic, randomly received 900 mg/d of oral
St. John’s wort or placebo for 5 weeks. They then
crossed over to the other therapy for an additional
5 weeks. At the study endpoint, diabetic patients
who received St. John’s wort had a statistically
significant reduction in lancinating (shooting) pain
compared with placebo. There were no changes,
however, in other measures of total pain score,
constant pain, touch-evoked pain, or pain on pres-
sure as compared with placebo.

Clinical Recommendation

Because of the lack of research on the effectiveness
of acetyl-L-carnitine, vitamin By, vitamin E, and
St. John’s wort for the treatment of diabetic neu-
ropathy, these supplements cannot be recom-
mended at this time. Health care providers should
direct patients toward those therapies that have
been better researched or have shown positive
outcomes in clinical trials.

Conclusion
Although adequate glucose control is a mainstay of
treatment for diabetic neuropathy, other treat-
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ments may be used by patients if symptom relief is
not adequate. The accessibility of botanical and
dietary supplement products, as well as direct-to-
consumer advertising, makes these choices attrac-
tive for many patients. All the botanicals and di-
etary supplements discussed in this review, with the
exception of capsaicin, have shortcomings as a re-
sult of their regulation by the Dietary Supplement
Health and Education Act. Specifically, there is no
guarantee of efficacy, safety, or product content.
Evening primrose oil, alpha-lipoic acid, and capsa-
icin have received the greatest attention for their
use in diabetic neuropathy, but further studies are
needed to confirm their efficacy.
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