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Abstract: We evaluated the effects of epalrestat on subjective symptoms and vibration sensation in

type 2 diabetic patients with neuropathy. The patients were administered epalrestat 150 mglday orally

in three divided doses for 3 months (treatrnent period), and the agent was discontinued for 3 months

(washout period). Epalrestat relieved numbness in 12 of 16 patients after the treatment period, and

numbness worsened in 5 of1l patients after the washout period. Chi--square analysis revealed significant

effects ofepalrestat on numbness (p < O.OO1) and also on other symptoms (p <O.05). Vibration sensation

was evaluated by measuring vibratory threshoid using an SMV-5 vibrometer. The vibratory threshold

significantiy decreased in the upper (p <O.05) and the lower (p <O.Ol) extremities after the treatment

period and increased in the lower extremity (p<O.05) after the washout period by paired t-test. There

was no significant change in glycosyiated hemoglobin as a whole during the study. These observations

confirm that epalrestat relieves subjective symptoms and improves vibration sensation in type 2 diabetic

patients with neuropathy without affecting glycemic control.
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INTRODUaTION

    The incidence ofdiabetic complications such

as neuropathy, retinopathy and Rephropathy has

increased as the life expectancy of diabetic

patients has lengthened due to the progress in

glycemic colttrol. Diabetic neuropathy involves a

variety of clinical manifestatioRs such as

mononeuropathy, autonomic Beuropathy and
peripheral polyneuropathy, with the latter being

the most commoni). So far, vascular2-5) and

metabolic6'7) hypotheses have been proposed as

the etiology of diabetic neuropathy. However,

neither its etiology nor the treatment has been

established. The introduction of aldose reductase

inhibitors offbrs some hope of treating diabetic

neuropathy as well as other diabetic
complications8). In Japan, the aldose reductase
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inhibitor epalrestat is commercially available and

has been reported to be eflbctive on diabetic

neuropathy by Goto et al.9). However in their

study, the diflbrences in nerve function tests

between epalrestat and placebo are small. So, we

wanted to confirm the ethcacy of epalrestat by

another method.

    On the other hand, Suzuki et al.iO,ii)

developed SMV-5 vibrometer which quantifies

vibration sensation by measuring vibratory

threshold. We previously reported that measuring

vibratory threshold by an SMV-5 vibrometer was

a better parameter than measuring nerve conduc-

tion velocity in the evaluation of the eflbcts of

prostaglandin Ei'crCDi2) or Iipo-prostaglaRdin

Eii3) on diabetic neuropathy. We also reported

the effectiveness of Goshajinkigan on vibratory

threshold measured by an SMV-5 vibrometer on
diabetic neuropathyi4). In the present study, we

investigated the efll:cts ofepalrestat on subjective
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symptoms and on vibration sensation by measur-

ing vibratory threshold with an SMV-5 vibro-

meter in type 2 diabetic patients with neuropathy.

          SUBJECTS AND METHODS

    Subjects: We randomly selected l9 type 2

diabetic patients who had been regularly visiting

the outpatient clinic ofour hospital. There were 8

males and 11 females aged 43 to 79 years old

(mean 62.1 years). They had suffered from

diabetes mellitus for 5 to 30 years (mean 12.9

years). The diagnosis of diabetic peripheral

neuropathy was based on the consistent com-

plaints ofnumbness, cold sensation or pain, and

on the objective fiRdings of diminished or loss of

deep tendon reflexes and increased vibratory

threshold. Excluded from the study were patients

with peripheral Reuropathy clue to toxic or

metabolic cause other than diabetes mellitus,

endocrinologicai and viral disorders or cancers.

Patients who had been taking agents such as

vitamin Bi, B6, Bi2 or E, prostanoids, cilostazol,

kampo medicines, antidepressants or tranquiliz-

ers were also excluded from the study. This study

was performed in accordance with the principles

of the Declaration of Helsinki in which all

patients gave their full informed consent to

partlclpate.

    Drag: Epalrestat, 5-[(IZ, 2E)-2-methyl-3-

phenylpropenylidene]-4-oxo--2-thioxo-3-thiazoli-

dineacetic acid, Kinedac[i'M (CAS 82159--09-9), is

a product ofOno Phamaceutical Co. Ltd.(Osaka,

Japan). Its batch designation in Japan is No.

873999.

    Designs: Patients were evaluated for their

subjective symptoms by questionnaires and the

vibratory threshold twice with the interval ofone

month befbre the study. Then the patients were

admiRistered epalrestat 150 mg/day orally in

three divided doses for 3 months (treatment

period), and the agent was discontinued for 3

months (washout period). The subjective symp-

toms and the vibratory thresholds were evaluated

every month during the study period. Epalrestat

was then restarted in 9 patients after the washout

period.

    Subjective symptoms were classified as

numbness (spontaneous abnormal sensation or

shibire sensation), pain, cold sensation aRd

paresthesia (abnormal sensation upon touching).

The patients were asked to complete question-

naires rating their respective symptoms on a scale

of "O" to "3" every moRth throughout the study

period. The scale ofthe symptoms were defined as

the followings: O, no symptom; 1, slight; 2,

moderate; 3, severe. The questionnaires were

collected at the end ofthe study period. Symptom

scores at the end of each period were adopted,

and compared to those ofthe preceding periods.

"Improved" or "worselted" in subjective symp-

toms were defilted when symptom scores showed

a reduction or an increase more than 1 point,

respectively, compared to those ofthe Preceding

period. Those whose symptom scores were "O"

before the study were excluded from the statistical

aRalysis.

    Vibratory threshold was measured by an

SMV-5 vibrometer (Teknolog, Tokyo, Japan) at

the styloid process of ulna in the upper extremity

and at the media! malleolus of tibia in the lower

extremity, fo11owing 5 min of bed rest. Measure--

rnents were repeated four times, and the mean of

the last three was taken as the vibratory

threshold. The reliable detection range of this

vibrometer was less than IOOx10-2G. Any

higher values than 100×IO-2G were considered

as 100×10M2G. The values at the end of each

period were adopted as the vibratory threshold of

the respective periods in each patient.

    As an indicator of glycemic control, we

deterrnined glycosylated hemogiobin (HbAlc)

every month from 3 months before the study

(observation period). The means of HbAIc

during the observation, the treatment and the

washout periods were adopted as HbAlc values

of the respective periods in each patient.

    Statistical analysis: The data are presented as

the mean ± SEM. Eflbcts of epalrestat on subjec--

tive symptoms were evaluated by chi-square

analysis, while its eflbct on vibratory threshold

was evaluated by paired t-test. Changes in
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HbAlc were evaluated by paired t-test. A level of

p<O.05 was considered statistically significant.

                REsuLTs

   As we previously reported, the mean vibra-

tory threshold in the lower extremity in the

nondiabetic subjects rose gradually with the ages,

being 16.5 ± 8.5 × 1O-2G in the seventies, and the

coefficient of variation of the measurement was

l8.5%i2). The normal values for the lower

extremlties were slightly, but not significantly

higher than for the upper extremities in each

decade, in agreement with the report ofSuzukii5).

   Background: Table I shows the background

characteristics of the patients studied. Glycemic

controls were done by only dietary regimen in 4

patients, by oral hypoglycemic agents in 6

patients and by insulin in 9 patients. The cases

with asterisks in HbAlc columns are those in

whom HbAlc shifted more than 1% to the same

direction with the vibratory threshold after the

treatment or the washout period.

    Iiffoct of opalrestat on HbAlc: As shown in Fig.

I, there was no significant difference in mean

HbAlc values as a whole by paired t--test

throughout the study period.

   Iiffoct of opalrestat on subjective .!vmptoms: Table

2 shows the effects of epalrestat on subjective

symptoms. Epalrestat relieved numbness in I2 of

l6 patients and other symptoms such as pain,

paresthesia or cold sensation in 6 of IO patients.

After the washout period, numbness worsened in

5 of11 patients and other symptoms worsened in

4 of 7 patients. Chi-square analysis revealed

sigRificanteffects on numbness (p <O.OO1) and on

other symptoms (p<O.e5). Readministration of

epalrestat after the washout period ameliorated

numbness once again in 6 of9 patients (data not

showR).

   ELJCIbct of opalrestal on vibratoz), threshold: Fig. 2

shows the changes in vibratory threshold after the

Table1. BackgrouRdcharacteristics

case Age sex I])oUfrStgftin Retinopathy Nephropathy Treatrnent
'rreatment period Washout period

AHbAic(%) AVT AHbAic (%) AVT

HE 49 F l2 Simple Mic Ins -O.3 Ol-50 +e.6 +51+40

II 57 M 6 Simple Diet + 1.0 - 410 +O,2 NP 71e

FS 73 F 19 Proliferative Ins -O.2 -251-15 - 1,05 ' Ol-25

NF 59 M 8 Simple Overt Ins -O.4 - 1310 +O.l +18!O

KR 59 F ll OHA -O.8 -5fO -O.l + 1810

KY 4･3 M 12 OHA -e.2 ofo -O.1 OIO

OT 79 F 22 Simple Ins -2.7* Of-35 + l.2 " +401+35

KH 51 M 7 Simpie Ins +O,2 -3610

NS 55 F 12 Simple Ins + Ll -301-40

YM 67 F 6 Simple Diet +O.2 -l81-60 -O.l +41+50

NT 60 F 5 Mic OHA - O.l +101-20

GM 78 F 13 Simplc Mic OKA -O.2 -241-20 +O.1 elQ

AT 66 F 10 Simple Overt lns ÷O.6 +8!G-2 o +221+20

BY 72 M 21 Mic OHA -es +l6f-32 +O.4･ - l41 -t- 12

FY 70 M l3 Mic Ins -O,1 ofo -O.1 OIO

TH 56 M 21 Sinnple Mlc Ins - 1,2 ' -3010 -O.5 Of+28

IM 74- F 30 Proliferative Overt OHA -O.6 -81-20

KR 59 M 8 Diet -O.3 1- 70

KS 59 F 10 Proliferative Mic Diet - }.5 * - I4/ +O.5 " 351

Mic: Microalbuminuira, Overt: Overt albuminuira, Ins: Insulin, OHA: Oral hypoglycemic agents, DM: Diabetes mellitus, AHbAic:

The difference of mean HbAic compared to that of the preceding period, AVT: The clifll]rence of vibratory threshold cornpared to

that ofthe preceding period in upper extremity!lower extremity, *: The data whose ANbAic was more than 1%.
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  rr---- n. s. rr- n. s. 7

6.8±O.3 6.6±O.3 6.5±O.5

   II･IIIIIIIIIIII･TIIIIIIIilll･ll･                   W

Changes in mean HbAlc values after the
treatment period (T) and the washout period

(W).

The values are presented as the mean ± SEM.

The statistical analyses were done by paired

t-test. n.s.: not significant.

threshold of the lower extremity after the

treatment period was greater in those who

showed improvement of numbness (-22.9 ×
10M2G) than those without improvement (-9.5

×IO-2G). Readministration of epalrestat again

decreased mean vibratory threshold in the lower

extremity (data not shown).

               DIscussloN

    So far, the measuremeRt ofnerve conduction

velocity has been widely used as a standard

Fig. I.

treatment and the washout periods. In this

analysis, those with the asterisks in Table 1 had

been excluded. The mean vibratory threshold

both in the upper (Fig. 2 A) and the lower (Fig. 2

B) extremities decreased after the treatment

period,. and rose in the lower extremity after the

washout period. There were significant changes

by paired t--test in the upper extremity after the

treatment period (p<O.05) and in the lower

extremity both after the treatment (p < O.Ol) and

the washout (p<O.05) periods. Although not

significant, the mean reduction in vibratory

            Tabie 2.

method for assessmg diabetic neuropathyi6).

However, Archer et al.i7) reported that nerve

conduction velocity correlates poorly with the
clinical findings. In addition, Greene et al.i8) also

reported that nerve conduction velocity was not

.correlated with the amelioration of subjective

symptoms in patients with diabetic neuropathy.

These reports may indicate that measuring nerve

conduction velocity is not always the best method

to evaluate diabetic neuropathy, especially dtiring

the process of treatment. Recently, Goto et al.9)

reported the significant effect of epalrestat on

motor nerve conduction velocity of the median

nerve by double-blind study, whereas they did

not observe significant effects on motor nerve

conduction velocity of the peroneal nerve and

sensory nerve conduction velocity of the median

nerve. Although significant in their study, the

difference in motor nerve conduction velocity of

the median nerve between epalrestat and placebo

Effect of epalrestat on subjective symptoms

Epalrestat

P values

Treatment period Washout period

Numbness Improved
No change
Worsened

12

4

o

e

6

5

<ODOI

Others Improved
No change
Worsened

6

3

1

o

3

4

< O.05

Others include cold sensation, paresthesia and pain.

The data were analyzed by chi-square analysis.
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88.6 ± 7.3 73.0 ± 7.2 87.0 ± 5.3

Fig. 2.
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Changes in vibratory threshold (VT) in the upper (A) and the Iower (B) extremities after the

treatment and the washout periods.

The values are presented as the mean ±SEM. The data with the asterisks in Table 1 were excluded
from the statistical analyses. T and W indicate the treatment and the washout periods, respectively.

The shaded areas represent the normal ranges for nondiabetic subjects in the seventh decade. There

were significant differences by paired t--test iR the upper extremity after the treatment period (p<

O.05) and in the lower extremity after the treatment (p<O.Ol) and the washout (p<O.05) periods.

is so small that we thought it is worthwhile to

confirm the efficacy of epalrestat by another

method. So, we evaluated the effect ofepalrestat

on vibration sensation by measuring vibratory

threshold with SMV-5 vibrometer. Since impair-

ment ofvibratory sensation is one ofthe first signs

of peripheral polyneuropathy in patients with
diabetes mellitusi9), we think that the evaluation

ofepalrestat on vibratory sensation is relevant in

diabetic neuropathy. Several instruments to

evaluate vibration seRsation have been developed

tO overcome the defects oftuning forksiO,ll,20-23).

The coefficient variation of measuring vibratory

threshold by these instruments ranged from
21%2i) to 12.85%2e). In Japan, SMV-5 vibro-

meter is availableii), with the coefflcient variation

of -18.s%i2).

    It is reported that vibratory threshold

measured by SMV-5 vibrometer is improved by

short term blood glucose coRtroliO), altd we also

confirmed this in the previous studyi3). These

data indicate that when we evaluate the efficacy

of epalrestat on vibratory threshold, it is neces-

sary to exclude the effect of HbAlc on vibratory

threshold. So, statistical analyses were done by

excluding the data of the patients whose }-IbAlc

changed more than 1% as indicated with the

asterisks in Table 1. We ,coRfirmed the efficacy of

epalrestat on vibratioR sensation in patients with

diabetic Reuropathy as Goshajinkigani4'). In

addition, the effect of epalrestat on vibration

sensation tended to be correlated with the effect

on subjective symptom.
    Goto et al.9) did not observe the efficacy of

epalrestat compared to placebo on nerve function

tests in patients whose HbAlc leveles were Iess

than 7%. And they discussed that the therapeutic

value ofepalrestat was likely to be depreciated in
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cases with good diabetic control, i.e. with the

HbAlc value<7%. In our study, mean HbAlc

was 6.8%, and yet we observed the significant

effect of epalrestat. Therefbre, we think that

measurement of vibratory threshold by SMV-5

vibrometer can be used for the assessment of a

drug on diabetic neuropathy in patieBts even with

relatively good glycemic control.

    Mechanisms of action of aldose reductase

inhibitor have been explained by its action on the

inhibition ofsorbitol synthesis and the increase in

myoinositol, thereby increasiRg Na+, K+-
ATPase activity in the peripheral nerve7).

However, we have reported that cyclic AMP

plays an important role in diabetic neuro-
pathy24-26), which was confirmed by Ohno et

al.27). In addition, we have also reported that

aldose reductase inhibitors such as epalrestat

increase cyclic AMP in sciatic nerves of diabetic

rats24'). So, we think it is possible that aldose

reductase inhibitors share a common pathway in

its efficacy on diabetic neuropathy with agents

which increase cyclic AMP in peripheral nerves
such as iloprost24'25'27) and cilostazol25).

    In conclusion, oral administratioR ofepalres-

tat relieves subjective symptoms aRd improves

vibratory sensation in patients with diabetic

neuropathy without affecting glycemic coRtrol.

Measuring vibratory threshold by SMV-5 vibro-

meter is a good parameter for the evaluation of

drugs on diabetic neuropathy.
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