IS HOMOCYSTEINE TO

NERVES AS CHOLESTEROL IS




ARE ELEVATED HOMOCYSTEINE LEVELS FOUND IN
PATIENTS WITH DIABETES ?

DOES A CORRELATION EXIST BETWEEN ELEVATED
HOMOCYSTEINE LEVELS AND NEUROPATHY IN THE
PATIENT WITH DIABETES ?

WHAT ARE THE PATHOPHYSIOLOGIC MECHANISMS OF
HOMOCYSTEINE ASSOCIATED DIABETIC NEUROPATHY 7

ARE HOMOCYSTEINE LOWERING AGENTS EFFECTIVE IN
REDUCING NEUROPATHY ASSOCIATED SIGNS AND
SYMPTOMS ?



* HOMOLOGUE OF AA CYSTEINE

GLUTATHIONE

o

S-ADENOSYL METHIONIN METHYLENETETRAHYDROFOLATE
REDUCTASE677C-T POLYMORPHISM

L-METH\
METHYLCOb.
PYRIDOXIN

HOMOCYSTEINE

TRANSSU TIN

TAURINE CYSTEINE




* ELEVATED
HOMOCYSTEINE
LEVELS A RISK FACTOR
FOR:

* CARDIOVASCULAR Dx

o RETINOPAHY

 NEPHROPATHY

AGUILLO-ORTUNO MT; ALBALADE]JO MD; PARRA S; ET AL;INTER. J. CLIN. CHEM 2002



° 5%-7%%
» ELEVATED
e SENSORY NEUROPATHY
o AUTONOMIC NEUROPATHY
o ULCERATION
o PAD
e FRACTURES

HAYDEN MR; TYAGI SC. NUTR. J. 3 (4),2004
BOYKIN JV; BAYLIS C. WOUNDS 18 (4), 2006



DIET (FOLIC ACID, B6,B12)
DIABETES

METFORMIN

INSULIN

RENAL DISEASE

INACTIVITY

ALCOHOL CONSUMPTION
SEIZURE MEDICATIONS (LEVDOPA)
LIPID LOWERING AGENTS (FIBRATES,STATINS, NITRATES)
HYPOTHROIDISM
INFLAMMATORY BOWEL DISEASE
HOMOCYSTINURIA

METHYLENE-TETRAHYDROFOLATE-REDUCTASE
DEFICIENCY

CHERNECKY CC, BERGER BJ ed: LAB. TESTS AND DIAG. PROC. 4™ ED
PHILADELPHIA, SAUNDERS



* INCREASED HCy GREATER THAN 6 MONTHS
* EFFECT DUE TO MALABSORBTION OF Bi2

* 26.7% LOWER COBALAMIN

* 21.6% LOWER HOLOTRANSCOBALAMIN

OMRANI, G.H.R., LAR,O.B., ET AL. IRANIAN J. DIAB AND LIPID DIS. 4 (2), 2005
HERMANN, L.S., NILSSON, B., WETTRE,S. BRIT ] DIAB AND VASC DIS 4 (6), 2004



» ELEVATED HOMOCYSTEINE COMMON IN
ALCOHOLISM
» MTHFR POLYMORPHISM
« REDUCED MTHEFR ACTIVITY IN ALCOHLICS
« MTHFR “PROTECTIVE” FROM ALCOHOLISM

e ALCOHOLICS WITH NORMAL MTHFR ACTIVITY DO
NOT DEMONSTRATE NEUROLOGIC
MANIFESTATIONS

SAFFROY, R., BENYAMINIA, A., PHAM, P., MARILL, C., KARILA, L., REFAS, M....LEMOINE, A.
DRUG AND ALCOHOL DEPEN 96 (1-2) 2008
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Relation between homocysteinaemia and diabetic
neuropathy in patients with Type 2 diabetes mellitus

A. Ambrosch*t, J. Dierkes*, R. Lobmannt, W. Kithne$, W. Konigt, C. Luley* and
H. Lehnert+

Abstract

*Institute of Clinical Chemistry, tinstitute of Aims Limited data are available on determinants of diabetic neuropathy as its
Microbiology and Department of Medicine, pathogenesis is multifactorial. Since homocysteine exhibits toxic effects on
#Division of Endocrinology and Diabetes, 1 dothelial cells. th 2 Locs h : qeh
University Hospital Magdeburg, Germany vascuwar endothelial cells, the association between homocysteine and the

prevalence of neuropathy in Type 2 diabetes mellitus was investigated.
Accepted 2 November 2000

* Methods A total of 65 Type 2 diabetic patients were consecutively enrolled
into the study. Neuropathy was diagnosed according to clinical symptoms,
clinical examination, electrophysiological sensory testing and autonomic
function testing. With regard to homocysteine-related parameters, plasma
homocysteine, folate, vitamin B12, vitamin B6 and renal function (creatinine,
ceratinine clearance, cystatin C) were measured, and the C677T
polymorphism of the methylenetetrahydrofolate reductase gene was
determined.’

Results‘Forty-three of the Type 2 diabetic patients were classified as suffering
from neuropathy. Both patient groups were comparable with regard to
demographic data, blood pressure, glucose metabolism, renal function and
homocysteine-related vitamins. In contrast, homocysteine levels (P = 0.04)
and the frequency of hyperhomocysteinemia (= 15 pmol/l) (P = 0.01) were
significantly increased in neuropathic patients. In a logistic regression model
with neuropathy as dependent variable, homocysteine (adjusted for creatinine,
homocysteine-related vitamins, HbA;. and duration of diabetes) was the only
significant variable associated with the prevalence of neuropathy (odds ratio

for homocysteine per 5 umol/l increase: 2.60 (95% confidence interval 1.07—
£ 221




No neuropathy With neuropathy

AMBROSCH A; DIERKES J; LOBMANN R ET AL. DIAB. MED (3) 2001



* NEUROPATHY PREVALENCE HIGH

* HOMOCYSTEINE IS A RISK FACTOR

* PREVALENCE OF NEUROPATHY INCREASED BY
GLUCOSE LEVEL

* 5%, 8%, 15%
* NEUROPATHY ASSOCIATED WITH DEFORMITY

BRUCE, S., YOUNG, T.K. DIABETES CARE, 31, (9), 2008



* ELEVATED HOMOCYTEINE LEVELS ARE AN
INDEPENDENT RISK FACTOR FOR DIABETIC
AUTONOMIC NEUROPATHY
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COHEN JA; JEFFERS BW; STABLER S; ET AL: AUTON. NEURO 23 (87) 2001




o RISK FACTORS FOR ED;
* SMOKING
e ELEVATED HgAiC
e HOMOCYSTEINE LEVELS

DEMIR, T., COMLECKI, A., DEMIR, O., GULCU, A., CALOISKAN, S., ARGUN, L., SECIL,
M ESENA T DIABETES AND ITS COMPIICATIONS 55 (6) 2008
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De LUIS D; FERNANDEZ N; ALLER R; MED CLIN (BARC) 122 (1) 2004




De LUIS D; FERNANDEZ N; ALLER R; MED CLIN (BARC) 122 (1) 2004
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GUANYLATE
CYCLASE

cGUANOSINE _
MONOPHOQOSPHATE

SMOOTH MUSCLE RELAXATION

MODUALTION OF RESPONSE
VASOCONSTRICTORS
CYTOKINES
ENDOTOXINS




* CONSTITUTIVE NOS
e nNOS
* eNOS

* INDUCIBLE NOS

e TISSUE SPECIFIC STIMULI
o INFLAMMATORY CYTOKINES
« BACTERIAL LIPOPOLYSACCHARIDS



 iNOS PROTECTIVE OF PEROXYNITRATE INJURY

e NITROSATIVE STRESS UNDERLIES PERIPHERAL
NERVE DYSFUNCTION IN AXONS AND SCHWANN
CELLS IN DIABETIC NEUROPATHY

e PEROXYNITRATE ASSOCIATED WITH:
« DECREASED MOTOR NCV
« DECREASED NEURAL BLOOD FLOW
« DECREASED NOCICEPTION
« INCREASED PAW WITHDRAWL PRESSURES

VARENIUK, I., PAVLOV, I.A., OBROSOVA, 1.G. DIABETALOGIA 51 (11) 2008
ARORA, M., KUMAR, A., KAUNDAL, R.K., SHARMA, S.S. EUR J. PHARM 596 (1-3) 2008



* FOLIC ACID REDUCES HOMOCYSTEINE
* VITAMIN Bi2, B6 ARE COFACTORS

* FOLIC ACID SUPPLEMENATTION REDUCES
HOMOCYSTEINE

PAUWELS, E.K.]., BALTER, H.S. DRUGS OF THE FUTURE 33 (6) 2008



* VITAMIN B6 INVOLVED IN HOMOCYSTEINE
METABOLISM

* SUBCLINICAL B6 DEFICIENCY MAY BE PRESENT
* MAY BE COMMON IN THE ELDERLY
o RESULTS IN ELEVATED HOMOCYSTINE

o RESULTS;
e IMPAIRED COGNITIVE FUNCTION
 ALZHEIMER’S DISEASE
» CARDIOVASCULAR DISEASE

PAUWELS, E.K.]., BALTER, H.S. DRUGS OF THE FUTURE 33 (6) 2008



© INVERSE RELATIONSHIP BETWEEN
HOMOCYSTEINE AND COGNITIVE FUNCTION
OVER 60 YEARS OF AGE

* FOLIC ACID SUPPLEMENTATION IMPROVED
COGNITIVE FUNCTION EVEN WITH NORMAL Bi2

ELIAS, M.F,, SULLIVAN, L.M., D’AGOSTINO, R.B., ELIAS, PK., ET AL
AMER J. EPIDEMIOLOGY 162 (7), 2005

ELIAS, M.F,, ROBBINS, M.A,, BUDGE, M.M,, ELIAS, P.K., BRENNAN, S.L. ET AL
PSYCHOSOMATIC MEDICINE 68 (4), 2006



* PLAYS A ROLE IN THE PREVENTION AND
TREATMENT OF;

e MOOD DISORDERS

e DEMENTIA
 ALZHEIMER’S DISEASE
* VASCULAR DEMENTIAS

REYNOLDS, E. LANCET, 5 (11), 2006
REYNOLDS, E. BRIT MED ] 324 (7352) 2002
RAVAGLIA, G., FORTI, P, MAIOLI, F., MARTELLI, M., ET AL. AM. J. CLIN. NUTRITION 82 (3) 2005



o INCREASED DPN

De LUIS D; FERNANDEZ N; ALLER R; MED CLIN (BARC) 122 (1) 2004



Effects of methylcobalamin on diabetic neuropathy

Basim A. Yaqub®, Abdulaziz Siddique® and Riad Sulimani*

Divisions of *Neurology and *Endocrinology, and ®Departments of Medicine and Pharmacy, King Khalid University Hospital, Rivadh,
Saudi Arabia

(Received 21 March, 1991)
(Revised, received 19 August, 1991)
{Accepted 26 August, 1991)

Key words: Dhabetes mellitus; Peripheral neuropathy; Nerve conduction studies; Methylcobalamin

Summary

xWe studied the clinical and neurophysiological effects of methylcobalamin on patients with diabetic neuropathy. In
a double-blind study, the active group showed statistical improvement in the somatic and autonomic symptoms with
regression of signs of diabetic neuropathy. Motor and sensory nerve conduction studies showed no statistical improve-
ment after 4 months. The drug was easily tolerated by the patients and no side effects were encountered.’




* MAY BE REDUCED IN ELDERLY PATIENTS

* SUPPLEMENATION REVERSES SYMPTOMATIC
SENSORY AND AUTONOMIC NEUROPATHY

* MAY EXERT A NEUROPROTECTIVE EFFECT

HIN,H., CLARKE,R., SHERLICKER,P., ET AL. AGE AND AGING, 35 (4), 2006
MORANTI, A.S., BODHANKER, S.L. PHAMACOLOGYONLINE 3, 282-293, 2007
YAQUB, B.B. CLIN. NEUROL AND NEUROSURG, 94 (2), 1992

CHEN R-J, ZHENG Y-J., XU L-S. CHIN J CLIN REHAB 6(9), 2002

SUN, Y., LAI, M-S,, LU, C-J. ACTA NEUROLOG TAIWANICA 14 (2), 2005



* VASOMOTOR ABNORMALITIES
* SUDOMOTOR ABNORMALITIES
* NEUROPATHIC EDEMA

* CHARCOT’S JOINT DISEASE

* VASCULAR CALCIFICATION



MORTALITY

° 44.7% 3.7+/- 2.8 YEARS
® 34.0% 3.1 +/-2.7 YEARS
MAJOR AMPUTATION

* 23.4%

* 10.6%

* ULCERATION NON-INFLUENTIAL

GAZIS A, POUND N, MACFARLANE R, ET AL DIABET. MED 21, 11, 2004



* 30% PATIENTS WITH DIABETES 1 OR 2
o SILENT MYOCARDIAL INFARCTION
* POSTURAL HYPOTENSION

* RESTING TACHYCARDIA

* NEUROGENIC BLADDER

o INTERMITTENT DIARRHEA

* HYPOGYCEMIC UNAWARNESS

* SUDOMOTOR ABNORMALITIES

* VASOMOTOR ABNORMALITIES

* NEUROGENIC EDEMA

* 53%vs 15% 5 YEAR MORTALITY

EWING DJ, CAMPBELL IW, CLARKE BF QUAR. J. OF MED 49, 193: 1980
HUBEAUX, K., DEFFIEUX, X., RAIBAUT, P ET AL. PELVI-PERINEOLOGIE 3 (3) 2008



* REVERSAL OF AUTONOMIC SIGNS
°* REVERSAL OF AUTONOMIC SYMPTOMS

* NORMALIZATION OF AUTONOMIC NERVE
DYSFUNCTION

DEVATHASAN,G., TEO, W.L., MYLVAGANAM, A. CLIN. TRIALS JOUR 23 (2),
1986

EJIRL, K., TANIGUCKI,H., BABA,S. JAPAN J. NEPHROLOGY, 29(6), 1987

LI, J-B., WANG, C-Y., CHEN, J-W., XI X-L., FENG, Z-Q, MA, H-T. CHIN J. CLIN
REHAB 9 (47), 2005



* LESS DRAMATIC PRESENTATION
* NOT SOUGHT IN EXAMINATION
* NOT RECOGNIZED

¢ EFFECTS NOT APPRECIATED

© SPARSE LITERATURE



* IMPROVED SENSORY AND MOTOR NCV
* RESOLVED SYMPTOMS 20%

* IMPROVED 40%

* RETURN OF REFLEXES 60%

* REDUCED CRAMPING

OKADA,S.,MIYALY., SATO,K. CLIN TRIALS JOUR 22 (6), 1985
CHEN R-J, ZHENG Y-J., XU L-S. CHIN J CLIN REHAB 6(9), 2002



» 167 PATIENTS WITH DPN
» ELECTROPHYSIOLOGIC STUDIES

* 59.8% SENSORY-MOTOR

» 18.6% PURE SENSORY NEUROPATHY

* 21.6% AUTONOMIC NEUROPATHY

» COMPRESSION NEUROPATHY COMMON

ISHPEKOVA B, DASALOV M, MURADYAN N, ALEXANDROV A
ACTA MEDICA BULGARICA 34, 2; 2007



EARLY
* LOSS OF ANKLE REFLEX
e DEFORMITY OF TOES

LATE
o INABILITY TO STAND ON HEELS

e ATROPHY OF FOOT MUSCLES
o INSTABILITY, FALLS



MOTOR
NEUROPATHY

ATROPHY OF
OOT INTRINSIC MUSCLE

INSTABILITY OF
METATARASAL-PHALANGEAL
JOINTS

HAMMERTOE
DEFORMITY



© 318 PATIENTS WITH FOOT ULCER
* MOST COMMON FACTORS;
* MALE GENDER
e MOTOR NEUROPATHIES
e MONONEUROPATHIES

KIZILTAN ME, GUNDUZ A, KILITAN G ET AL. J. NEUROLOG. SCIENCES
258, 1; 2007



ANTERIOR FAT PAD DISPLACEMENT

INCREASED PLANTAR PRESSURE




JEFFCOATE W, LIMA J, NOBREGA L DIABETIC MED 17, 4; 2000



* METHYLCOBALAMIN ORAL X1 YEAR

* NORMAL HEMOGLOBIN A1C

® 1500 mcg DAILY

* IMPROVED MOTOR CONDUCTION VELOCITY

Okada S, Miyai Y, Sato K Clinical Trials Journal 22 (6), 1985



METHYLCOBALAMIN 1500mcg DAILY

3 MONTH EVALUATION
e RELIEVED CRAMPING
e IMPROVED MOTOR CONDUCTION VELOCITY
* REDUCED NEUROPATHIC PAIN
e IMPROVED 2 POINT DISCRIMINATION

DEVATHASAN, G, TEO, WL., MYLVAGANAM, A. METHYLCOBALAMIN IN CHRONIC DIABETIC

NEILTROPATHV- A DOIRIERIIND CIINICAT AND EIECTROPHVASIDODIOACIC STIIDY CLINICAL
INDOINO T XTI I 11,7 DOUDLOL DETIND  CLOIINICZ YD 7 0UND DO C T INO T T T OITO RO OrIC O T U7 I, CLrNICz X

TRIALS JOURNAL 22 (6), 534-536, 1985




* NATURAL ANTIOXIDANT
© 600 mg DAILY
* 3 MONTH STUDY

* MOTOR NERVE NCV IMPROVEMENT FROM 36.8
M/sec 41.3 M/sec

Negrisanu G, Bolte B, Rom ] J. Inter Med 37 (3) 1999



o REDUCED LEVELS IN DIABETES

* REDUCED LEVELS IN ELDERLY

o ASSOCIATED WITH NEUROPATHY

* SUPPLEMENTATION REDUCES SYMPTOMS

DAVIS, R.E., CALDER, J.S., CURNOW, D.H. SERUM PYRIDOXYL AND FOLATE CONCENTRATIONS IN DIABETICS. PATHOLOGY, 8 (2),
151-156, 1976

McCANN, V.J., DAVIS, R.E. SERUM PYRIDOXYL CONCENTRATIONS IN PATIENTS WITH DIABETIC NEUROPATHY. AUSTRALIAN AND
NEW ZEALAND JOURNAL OF MEDICINE. 8 (3), 259-261, 1978

COHEN, K.L., GOERECKI, G.A,, SILVERSTEIN, S.B.,EBERSOLE, J.S., SOLOMON, L.R. EFFECT OF PYRIDOXINE (VITAMIN B6) ON
DIABETIC PATIENTS WITH PERIPHERAL NEUROPATHY. JAPMA, 74 (8), 394-397, 1984

SPINNEKAR,A., SOLA, R., LEMMEN,V., CASTILLO, M.J., PIETRZIK, K., GONZALEZ-GROSS, M. VITAMIN B6 STATUS, DEFICIENCY AND
ITS CONSEQUENCES-AN OVERVIEW. NUTRICION HOSPITALARIA, 22 (1), 7-24, 2007



* L - METHYFOLATE (FOLATE) 2.8 mg
* PYRIDOXAL 5-PHOSPHATE (6) 25 mg
* METHYLCOBALAMIN (B 12) 2.0 mg



* L-METHYLFOLATE o=

e INCREASES NITRIC OXIDE
e REDUCES HOMOCYSTEINE LEVELS
e IMPROVED ENDOTHELIAL FUNCTION

» METHYLCOBALAMIN (Bi2)

o FACILITATION OF NEURAL REGENERATION

e COFACTOR FOR HOMOCYSTEINE REDUCTION
» PIRIDOXAL 5-PHOSPHATE (B6)

e NECESSARY FOR NEURAL FUNCTION
e COFACTOR FOR HOMOCYSTEINE REDUCTION




°* L-METHYFOLATE 7X MORE BIOAVAILABLE THAN
FOLATE

* LOWERS HOMOCYSTEINE 3X COMPARED TO
FOLATE



* EFFICACY IS NOT CLEAR

» 13 STUDIES/741 PATIENTS
» 2 STUDIES NO SHORT TERM PAIN REDUCTION
» 1 STUDY VIBRATION DETECTION IMPROVED

* HIGHER DOSES IMPROVED PARASTHESIAS, PAIN,
TEMPERATURE, VIBRATION, NUMBNESS

» STILL LIMITED DATA (INSUFFICIENT DATA)

ANG, C.D., ALVIAR, M.].M., DANS, A.L., BAUTISTA-VELEZ, G.G.P., ET AL
COCHRANE DATABASE OF SYSTEMATIC REVIEWS ISSUE 3, ARTICLE #CDoo4573,
2008



Objective

* Examine the efficacy of L-methylfolate, Me-Cbl, and P-5-P
compared to acetaminophen for the reduction of DPNP

Methodology
* 130 patients enrolled in RCT

* Patients received either L-methylfolate, Me-Cbl, and P-5-P

twice daily (study group) or acetaminophen soomg twice daily
(active control group) for 20 weeks.

* A baseline visual analog scale (VAS) neuropathy pain scale
was obtained and evaluated at 10 and 20 weeks.



Table 1. Baseline comparison

Treatment
Study Active Control | p-value
Group Group
(n=45) (n=52)
Sex, %(n)
Males 67%(30) 48%(25) 0.07
Females 33%(15) 52%(27)
Duration of diabetes, mean(SD) — yrs 7.63(6.35) 8.17(6.26) 0.67
Duration of symptoms, mean(SD) — yrs 3.61(2.63) 3.60(2.63) 0.97
Baseline VAS score, mean(SD) 4.80(1.65) 3.19(1.56) <0.001




L-METHYLFOLATE, Me-Cbl, P-5P vs. ACETAMINOPHEN
PERCENT CHANGE FROM BASELINE VAS

ANALYSIS OF ALL SUBJECTS
(PERCENT)

B | -METHYLFOLATE, Me-Cbl, P-5P (all)

—=2.0% | ® Acetaminophen (All)

-11.7%

9% Pain Reduction (VAS)
>
2

-35.3%

TIME (Weeks)

DPNP Analysis
« 35% vs. 11.7% pain reduction @ 20 weeks
«32% vs 11.6% pain reduction @ 10 weeks



Acetaminophen (age<65-yrs)
Acetaminophen (age>=65-yrs)
Metanx (age<=65-y1s)

Metanx (age>==565-yrs)

b
(=]
(&)
L]
o
<1
-
=
o
o]
=

10

Time (\Weeks)




— Acetaminophen (diabetes duration < 7-yrs)
-~~~ Acetaminophen (diabetes duration >= T-yrs)
o Metanx (diabetes < T-yrs)

== Metanx (diabetes duration >= 7-yrs)

Mean VAS Score




Conclusion

* Orally administered L-methyl folate, Me-Cbl, and P-5-P is
effective in reducing burning pain associated with DPN.

* Most efficacious when administered early following the
diagnosis of diabetes, and when symptomatology <5 years.



Objective

¢ Determine the effects of L-methylfolate, Me-Cbl, and P-5-P on
burning paresthesias in patients with DPNP who had obtained
partial symptoms resolution with pregabalin.



Methodology

-1 24 consecutive patients who received pregabalin > 4 months
with partial (<50% NPS reduction) resolution of paresthesias
were enrolled.

1 Study group (n=16) continued the pretrial pregabalin dose to
which oral L-methylfolate, Me-Cbl, and P-5-P was added twice
daily.

1 Control group (n=8) maintained pregabalin therapy.

1 A numeric pain scale (0-10) was evaluated at baseline and 20
weeks.



Mean Pain Reduction from Baseline

Weeks




Conclusion

! The addition of L-methylfolate, Me-Cbl, and P-5-P,
twice daily reduces diabetic neuropathic pain in partial
responders to pregabalin

! No increased incidence of adverse drug sequella was
noted



» 31 PATIENTS
« SUBJECTIVE SYMPTOMS
« ESTABLISHED SENSORY LOSS

» PRESSURE SPECIFIED SENSORY DEVICE
« FOOT, MEDIAL HEEL, GREAT TOE PULP

© BASELINE, 6 AND 12 MONTHS




P e

ONE POINT STATIC TOUCH
e PRESSURE THRESHOLD
e MEASURE OF OVERALL SENSORY LOSS
TWO POINT STATIC TOUCH
e SURVIVING NERVE DENSITY
e NORMATIVE 7.8mm




 Quantitative Sensory Test
Baseline vs. 6-Month Follow-Up

Easeline
Left anc Right Cambined

G-month follow-upt
Left ancd Right Cambinecd

=

gmy/mn’

2-pt static 2-pt static

GREAT TOE MEDIAL HEEL

Figure 1: Baseline and &-manth PS50 results for the great toe pulp and meadial heel
*Normal: 2 pt (great toe), 25.7 gmy/mim?

i ormal: 2 pt imedial heel), 2000 ammim’

t 2 8mg L-methylfolate, 25mg Pyricdoxal 5°- phosphate and 2mg Methylcobalamin
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Quantitative Sensory Test
Baseline vs. 1-Year Follow-Up
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60
Ul 75 |
] et | Zds = B0 — . 1
It — ED=ERag SRS N CASsiine
I 50 e g RP=u.001 T |_cft ancl Right Combined
1] EBaEEE CErAr e
[ AC BT I I
It T2 EEEEN ammm———
e = o BT | _aaq40 |
1] 20 BT Erdanit]
IE e % el B, B
I = s 1 BT H EnEsmad
I = = BTt EEsfsi
N = T EBEEEs=] TR
I = 2 B B 2000
IE =, g BEET=T S Emare ) by
| S e B
e oL 2 BT AT Ao |F A Zaain |
IE BB =
1] 2N | fo2san] | B R |
IE <\ |3 Gl BT
e s BT B
1B 15 e B
IE wow B BEaraies]
Ik 1M BT | viaNsoa|
I v BT 1030 EESEET 1061
IE B et 4 B =]
IE 5 EERD- [iaracr e
IE =3 e ETEEET
-
0 2-pt static 2-pt static
GREAT TOE MEDIAL HEEL
Figure 1: Bas=sline and T-yvear P550 results for the great toe pulp and medial heel
*Normal: 2 pt (great toe), 25.7 gm/mm?
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* REDUCED NERVE FIBER BRANCH DENSITY

* REDUCED PERIPHERAL NERVE BRANCH LENGTH
* EPIDERMAL AXON SWELLING

* DERMAL AXON SWELLING

o THINNING OF SUBEPIDERMAL NERVE PLEXUS

* SPROUTING OF NERVE TERMINALS

* ENCAPSULATION OF NERVE ENDINGS

* IMMUNOREACTIVE BASAL CELLS

*  QUATTRINLC, TAVAKOLI, M ET AL. DIABETES 56 (8), 2007
* DeSOUSA, E.A., HAYS, A.P ET AL ] NEUROLOGY, NEUROSURG, PSYCHIATRY 77 (8), 2006
*  WENDELSCHAFER-CRABBE, G., KENNEDY, W.R., WALK,D. ] NEURBIOLOG SCI 242 (1-2) 2006



* REGENERATION OF NERVES CAN BE DEMONSTRATED
e PHARMACOLOGIC TREATMENT
e SURGICAL DECOMPRESSION

e EBENEZER, G.J., HAUER, P, ET AL J. NEUROPATH AND EXP NEUROLOGY 66 (12) 2007
» POLYDEFKIS, M., HAUER, P, ET AL BRAIN 127 (7), 2004

e HSIEH, C-H., JENG, S-F ET AL J. NEUROTRAUMA 24 (10), 2007

e HEISHY.L., CHIANG, H. ET AL. J. NEUROPATH AND EXP. NEUROLOGY 67 (2), 2008



* 66% PATIENTS WITH DM

* 80% DPN

* 50% SYMPTOMATIC

* 10-20% ANTINOCICEPTIVE TX

CHEN H, LAMER TH, RHO RH ET AL. MAYO CLIN PROCEED. 79; 2004
BOULTON AJM. CLIN. DIAB. 23, 2005
BOULTON AJM, MAILIK RA, AREZZ0O JC, SOSENKO JM. DIAB. CARE 27, 2004



OSMOLYTE DISTURBANCES

GLUCOSE SORBITOL

Stevens et al. Diab. Med 12:1995



OSMOLYTE DISTURBANCES

GLUCOSE SORBITOL

Stevens et al. Diab. Med 12:1995



* NEUROPATHY
e NON-PAINFUL SENSORY
e MOTOR NEUROPATHY
e AUTONOMIC NEUROPATHY

* ALTERED BIOMECHANICS

o INCREASED PLANTAR PRESSURE

* OSSEOUS DEFORMITY

* PAD

* PRIOR HISTORY OF ULCER OR AMPUTATION
* SEVERE TOENAIL PATHOLOGY



SYMPTOMS, FEW FINDINGS
FINDINGS, FEW SYMPTOMS




© 128-Hz TUNING FORK*
¢ PIN PRICK

® 10 GRAM FILAMENT?*
o ANKLE REFLEXES

* > 87% SENSITIVITY

*PREDICTIVE OF FOOT ULCERATION

*BOULTON A]J, VINIK AL, ARREZO JC, BRIL V, FELDMAN EL, FREEMAN R, MALIK RA, MASER RE, SOSENKO JM,
ZIEGLER D. DIABETIC NEUROPATHIES: A STATEMENT BY THE AMERICAN DIABETES ASSOCIATION.
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* ELEVATED HOMCYSTEINE LEVELS ARE
FREQUENTLY ASSOCIATED WITH DIABETIC
NEUROPATHY

* THE ADMINISTRATION OF L-METHYL FOLATE,
METHYLCOBALAMIN, AND PYRIDOXYL-5-
PHOSPHATE;

e REDUCES HOMOCYTEINE LEVELS
e INCREASES NO LEVELS

e REDUCES S/S OF SENSORY, MOTOR, AND
AUTONOMIN NEUROPATHY
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