
INTRODUCTION

Diabetic peripheral neuropathy is an important com-

plication of diabetes mellitus. The prevalence of diabetic 
neuropathy varies within the research, but approximately 
60% of diabetic patients demonstrate clinical manifesta-
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Objective  To evaluate the effects of early regular exercise and to assess the electrophysiological and 
histopathological findings of the rat tail nerve in relation to the timing of exercise training for swimming exercise 
in rats with diabetic neuropathy.
Methods  We used 70 Sprague-Dawley male rats, and the experimental group comprised 60 rats, and the control 
group comprised 10 rats. Diabetes was induced by intraperitoneal injection of streptozotocin. Blood glucose 
concentrations were measured in tail vein blood samples. The experimental group was divided into 6 subgroups 
according to insulin treatment and swimming exercise: group 1, diabetic control; group 2, insulin treated; group 
3, insulin untreated with early swimming exercise; group 4, insulin treated and early swimming exercise; group 5, 
insulin treated and late swimming exercise; and group 6, insulin untreated with late swimming exercise. Sensory 
and motor nerve conduction studies were performed weekly up to the 13th week using rat tail nerves. The effect 
on structural diabetic neuropathy was assessed by morphometry and ultrastructural examination of the rat tail 
nerve fiber at the 14th week.
Results  An exercise effect was observed in the insulin treated groups, but it was not observed in the insulin 
untreated groups. The sensory nerve conduction study in the rat tail revealed significantly prolonged latency and 
decreased amplitude in groups 1 and 6, and a further delay was observed in group 5 when compared to group 4. 
Decreased thickness of myelin was found in groups 1 and 6 through morphometry.
Conclusion  Early regular exercise programs in addition to conventional insulin treatment may retard the 
progression of diabetic peripheral neuropathy.
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tions of peripheral neuropathy [1-3].  Persistent hypergly-
cemia, metabolic and endocrinal changes, inflammatory 
effects of obesity and dyslipidemia appear to play an im-
portant role in the development of diabetic neuropathy 
[4]. When it comes to diabetic neuropathy, a diabetic 
condition promotes delay in nerve regeneration [5].

Aerobic exercise has been shown to improve the symp-
toms of neuropathy and accelerate re-growth and pre-
vent or revert morphometric alterations in the injured 
nerve, especially those in small diameter fibers [4,5]. 
However, opposing opinions on the effectiveness of exer-
cise have also been reported. Van Meeteren et al. [6] have 
reported that exercises like treadmill or swimming can 
cause stressful conditions in experimental animals, and 
consequently can have negative effects on regeneration 
after nerve injury. 

Electrodiagnostic studies are the most objective and 
quantitative measures of nerve function, and electrodi-
agnostic changes are even detected early in the course 
of diabetic neuropathy. Thus, electrodiagnostic studies 
are used as a valuable tool in large clinical studies. With 
respect to symptomatic diabetic neuropathy, a study 
reported that slowing of nerve conduction velocity ow-
ing to demyelination is the main feature of the condition 
[7]. Also, a decrease in the amplitude is considered to be 
more important [8]. However, controversy remains as to 
which factors affect the disease first. Some researchers 
state that demyelination is the primary lesion in the early 
stage of the disease [7,9] but other researchers state that 
the disease is associated with a progressive distal axo-
nopathy [10]. Demyelination and axonal degeneration 
are often considered to co-exist [7,11]. 

The protective and therapeutic effects of exercise train-
ing on diabetic neuropathy have been established in 
many previous studies. However, very few data on the 
timing of exercise training were reviewed. In this study, 
we wanted to evaluate the differences in effects of swim-
ming exercise on nerves according to the timing of ex-
ercise training in streptozotocin (STZ)-induced diabetic 
rats. Also, we wanted to investigate the electrophysiologi-
cal and histopathological findings in which pathologic 
changes, axonal or demyelinating lesions, are predomi-
nant in relation to the duration of exercise in rats with 
diabetic neuropathy. 

MATERIALS AND METHODS

The experimental animal group
We used 8-week-old, healthy, young adolescent 

Sprague-Dawley male rats (n=80; Orient Bio Inc., Seong-
nam, Korea) which weighed 170–200 g. They were raised 
(5 rats in each cage) at homeostatic temperatures and 
humidity, and were maintained on the same diet with 
sufficient water. 

Blood glucose concentrations in all rats were measured 
in tail vein blood samples using Accutrend Alpha (Roche 
Diagnostics Inc., Somerville, MA, USA) before induction 
of anesthesia. 

Induction of diabetes
Eighty rats were divided into the following two groups: 

the experimental group comprised 70 rats and the nor-
mal control group comprised 10 rats. Diabetes was in-
duced by intraperitoneal injection of a single dose of STZ 
(65 mg/kg body weight; Sigma, St Louis, MO, USA). STZ 
was freshly dissolved in a 0.1-M citrate buffer (pH 4.5) 
before injection and administered to the rats in a non-
fasting condition. One week after the injection, blood 
glucose levels of all rats were tested. Rats with a glucose 
concentration exceeding 300 mg/dL were considered 
diabetic [12].

From the experimental group comprising 70 rats, 7 rats 
in whom diabetes was not induced and 3 rats in poor 
health were excluded. Overall, 60 rats in the experimen-
tal group were randomly divided into 6 groups according 
to how insulin treatment was administered and accord-
ing to the swimming exercise groups (Fig. 1). The groups 
were as follows: group 1, diabetic group with no inter-
vention; group 2, insulin treated group; group 3, insulin 
untreated with early swimming exercise; group 4, insulin 
treated and early swimming exercise; group 5, insulin 
treated and late swimming exercise; and finally, group 6, 
insulin untreated with late swimming exercise (Table 1).

These 60 rats with diabetes were lightly injected with 2U 
of NPH-insulin (Insulatard) subcutaneously in the first 
week to prevent a rapid increase in blood glucose levels. 
Intermediate-acting insulin and NPH-insulin (Insulatard) 
were administered subcutaneously at fixed times, 2U 
every time before the swimming exercise program for 13 
weeks in groups 2, 4, and 5.
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Exercise training
Swimming was started from the 1st week in groups 3 

and 4 (the early swimming exercise group). Exercise was 
performed 1 hour after insulin injection. Two bath tubs 
(55-cm wide, 107-cm long, and 75-cm in height) were 
used. Five rats were placed in each tub and exercised 
for 30 minutes each day, 5 days a week. According to the 
method used in the report by Pyun et al. [1], the depth of 
the pool was kept high enough so that their legs did not 
touch the ground and the rats could swim freely in the 
bath tubs. The temperature of the tub was kept at 32oC–
36oC. Rats were not allowed to rest while swimming, and 
each rat was continuously monitored so that it did not 
harass the other rats. From 7 weeks of insulin injection, 

exercise was administered to groups 5 and 6 (the late 
swimming exercise group). Thus, a 13-week exercise pro-
gram was performed for the early exercise group and a 
7-week exercise program was performed for the late exer-
cise group.

Induction of anesthesia
For achieving high levels of safety and to have a lesser 

effect on blood glucose levels, the inhalational anes-
thetic, enflurane (Arillein), was used. In order to rule out 
any anesthetic effect on the blood glucose level, blood 
glucose concentrations in all rats were measured before 
induction of anesthesia. Induction was performed in all 
rats every week just before performing the nerve conduc-
tion study (NCS) with 100% oxygen plus 2% of enflurane 
via spontaneous inhalation.

Nerve conduction study
Temperatures of the tails were measured using an elec-

tronic thermometer (Dantec, Copenhagen, Denmark), 
and they were kept at 32oC–36oC using a heater. Then, 
electrodiagnostic examinations for the sensory and motor 
nerve conduction studies were performed in rats every 
week using KeyPoint (Dantec, Copenhagen, Denmark). 

Using the method presented in the study of Kim et al. 
[13], an orthodromic sensory NCS was performed. Elec-
trical stimulations were applied at a point 8 cm away 

Group 1
(n=10)

Group 2
(n=10)

Group 3
(n=10)

Group 4
(n=10)

Group 5
(n=10)

Group 6
(n=10)

Failure of diabetic induction (n=7),
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Insulin

Early exercise
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(n=80)
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Fig. 1. Flow chart of the experiment.

Table 1. Classification of the experimental groups

Adminis-
tration of 

streptozotocin

Adminis-
tration of  

insulin

Early
exercise

Late
exercise

Control × × × ×

Group 1 o × × o

Group 2 o o × ×

Group 3 o × o ×

Group 4 o o o ×

Group 5 o o × o

Group 6 o × × o
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from the origin of the tail using a ring electrode and a re-
cording electrode was placed 6 cm away from the stimu-
lating electrode (Fig. 2A). In the motor NCS, stimulation 
was applied at the origin of the tail and the recording 
electrode was placed 6 cm away from the stimulation 
point. The active and reference electrodes were placed 
2 cm apart (Fig. 2B). The bandwidth, sweep speed, and 
sensitivity were 2–10,000 Hz, 1 ms/division, and 1 mV/
division, respectively, in the motor NCS, and they were 
20–2,000 Hz, 1 ms/division, and 5 mV/division, respec-
tively, in the sensory NCS. 

In the sensory NCS, the duration was set at 0.1 ms, fre-
quency was set at 2.0 Hz, and 20 stimulations were ap-
plied, and then the values were averaged. Amplitude was 
measured at peak to peak distances (Fig. 3A). In the mo-
tor NCS, onset latency and peak to peak amplitude were 
measured when supramaximal stimulation intensity was 
used (Fig. 3B).

Histopathologic findings
At the 14th week, 5 rats from each group were randomly 

selected and their tails were sampled. The tails of rats 
were dissected for histopathologic examination to ascer-
tain demyelination or axonal degeneration. The dissected 
nerves were cleaned with 4% paraformaldehyde-glutar-

A

B

Stimulating electrode

Ground electrode

6 cm

2 cm

6 cm

2 cm

Stimulating electrode

Recording electrode

Ground electrode

Recording electrode

Fig. 2. (A) Measurements of the orthodromic sensory 
nerve conduction study. (B) Measurements of the motor 
nerve conduction study.

A

B

Fig. 3. (A) An example of sensory 
nerve action potential of the rat 
tail nerve. (B) An example of com-
pound muscle action potential of 
the rat tail nerve. A, amplitude; L, 
latency.
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aldehyde (4oC, phosphate buffer, pH 7.4) and post-fixed 
with 1% OsO4 (4oC, phosphate buffer). After fixation, the 
specimens were washed a few times in the same buffer, 
and then, they were dehydrated with numerous ascend-
ing alcohol passages. Propylene oxide was added and the 
tail samples were embedded in Epon. Embedded sec-
tions were cut using an ultramicrotome and stained with 
1% Toluidine blue, and nerve specimens were observed 
with a light microscope. Ultramicrotomy sections were 
produced, double stained using uranyl acetate and lead 
citrate, and were observed with a transmission electron 
microscope, Model H-7100 (Hitachi, Tokyo, Japan). The 
diameters of nerve fibers and axons were measured both 
longitudinally and axially, and the axes were averaged. 
Images were analyzed with the Imaging System KS 400 
(Kontron Elektronik, Munchen, Germany).

Statistical analysis
A Mann Whitney U-test using SPSS ver. 21.0 (IBM SPSS, 

Armonk, NY, USA) was performed for statistical analyses. 
In addition, repeated measures ANOVA was used for a 
comparison among groups to determine the effectiveness 
of individual variables. Statistical significance was set at 
p<0.05.

RESULTS

Changes in the blood glucose level
There was no difference in pre-insulin injection levels 

of blood glucose among all groups. A significant dif-
ference was observed between insulin treated groups 
(groups 2, 4, and 5) and insulin untreated groups (groups 
1, 3, and 6) from the 3rd week (p<0.01). Changes in blood 
glucose levels with or without exercise were not signifi-
cant between groups 1 and 3, and also between groups 2 
and 4 (p>0.05) (Fig. 4).

Changes in body weight
Significant differences in the reduction of body weight 

were observed between the insulin treated groups (groups 
2, 4, and 5) and the insulin untreated groups (groups 1, 
3, and 6) from the 4th week (p<0.01). Changes in body 
weight according to exercise were not significant between 
groups 1 and 3, and also between groups 2 and 4 (p>0.05) 
(Fig. 5).

Changes in the sensory nerve conduction study
Distal latency in the sensory NCS was delayed rapidly 

from the 3rd week of diabetes induction. A significant 
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Fig. 4. Effects of insulin and exercise treatment on blood 
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groups from the 3rd week (*p<0.05, difference of blood 
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Fig. 5. Effects of insulin and exercise treatment on body 
weight. A significant difference was observed between the 
insulin untreated groups and the insulin treated groups 
from the 4th week (*p<0.05, difference of body weight be-
tween groups 2, 4, 5 and groups 1, 3, 6). Body weight was 
decreased significantly in the insulin untreated groups in 
comparison with the insulin treated group. DM, diabetes 
mellitus; I, insulin treated; EE, early exercise; LE, late ex-
ercise.
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difference was observed between the insulin treated 
groups (groups 2, 4, and 5) and the insulin untreated 
groups (groups 1, 3, and 6) from the 5th week. Distal la-
tency examined in the 4th week of swimming was less 
delayed in group 4 compared to the other groups. Distal 
latency in group 4 was less delayed compared to that in 
group 5 from the 7th week. The difference in distal la-
tency between group 2 and group 5 was not statistically 
significant. Differences among the control groups, groups 
injected with insulin, and groups without insulin were 
significant from the 6th week. From the 7th week, differ-
ences among groups were maintained constantly (Fig. 
6A).

Amplitude examined in the 5th week was temporarily 
highly increased in the insulin treated groups (groups 2 
and 4) compared to the insulin untreated groups (groups 
1 and 3), but the difference was not significant after the 
5th week. From the 5th week, the amplitude was in-
creased in group 4 compared to the no exercise group 2 
and this difference was statistically significant. The differ-
ence in amplitude among groups 1 (no exercise), 3 (ex-
ercise from the beginning), and 6 (exercise starting from 
the 7th week) was not statistically significant. From the 

7th week, the amplitude was significantly increased in 
group 4 compared to group 5. Amplitude in group 5 was 
increased from the 10th week compared to that in group 2, 
but, the difference was not statistically significant (p>0.05) 
(Fig. 6B).

Changes in the motor nerve conduction study
Distal latency examined in the 3rd week was less delayed 

in the insulin treated groups (groups 2 and 4) compared to 
the insulin untreated groups (groups 1 and 3). Addition-
ally, a significant difference was observed between the 
insulin untreated groups and the insulin treated groups 
from the 5th week. The difference was not significant 
among the insulin untreated groups (groups 1, 3, and 6). 
In addition, the difference was not significant among the 
insulin treated groups (groups 2, 4, and 5) (Fig. 7A).

The difference was not significant among the insu-
lin treated groups (groups 2, 4, and 5). The difference 
was not significant among the insulin untreated groups 
(groups 1, 3, and 6). The amplitude in group 4 was in-
creased compared to that in group 5 at the 3rd, 7th, 8th 
and 9th week (p<0.05), but from the 10th week, the dif-
ference was not significant between the groups (p>0.05). 
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Fig. 6. (A) Effects of insulin and exercise treatment on sensory nerve latency. A significant difference was observed 
between the insulin untreated groups and the insulin treated groups from the 5th week (*p<0.05, difference of distal 
latency in sensory nerve conduction study between groups 2, 4, 5 and groups 1, 3, 6). Sensory nerve latency was de-
creased significantly in the insulin treated early exercise group in comparison with the other insulin treated group 
from the 7th week. (B) Effects of insulin and exercise treatment on sensory nerve amplitude. A significant difference 
was observed between the insulin treated early exercise group and the insulin treated non-exercise group from the 5th 
week. Sensory nerve amplitude was increased significantly in the insulin treated early exercise group in comparison 
with the other insulin treated late exercise group from the 7th week (*p<0.05, difference of amplitude in sensory nerve 
conduction study between groups 2, 4, 5 and groups 1, 3, 6). DM, diabetes mellitus; I, insulin treated; EE, early exer-
cise; LE, late exercise.
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The difference was not statistically significant between 
groups 2 and 5 (Fig. 7B).

Histopathological findings
A light microscopic examination of rat tail nerves did not 

reveal any sign of demyelination or axonopathy, which are 
the typical findings of diabetic neuropathy (Fig. 8).

An electron microscopic examination revealed a de-
crease in the thickness of the myelin sheath and atrophic 
changes in the nerve fibers in group 1 and group 6 (Fig. 9).

The decrease in the thickness of the myelin sheath in 
group 1 and group 6 was statistically significant com-
pared to the normal control group (p=0.032). However, 
decreases in the thickness of the myelin sheath in groups 
2, 3, 4, and 5 were not statistically significant compared 
to the control group (p=0.068) (Table 2).

DISCUSSION

When all results of the study were combined, groups 
treated with conventional insulin and/or with early ex-
ercise had a better outcome in terms of preventing the 
progression of diabetic neuropathy than groups treated 
without insulin and/or with late exercise. 

A significant reduction in myelin breakdown and a 
remarkable improvement in degenerated axons were 
found after treadmill exercise (once a day for 4 consecu-
tive weeks) [14]. Malysz et al. [5] have reported about 
acceleration of the hindlimb motor function recovery 
in diabetic rats submitted to sciatic nerve crush after 10 
weeks of treadmill training. In addition, morphometric 
alterations in the proximal nerve portions in non-diabet-
ic and diabetic injured rats were observed by treadmill 
training. There are a number of studies on treadmill 
exercise for diabetic neuropathy, but exercise groups 
divided into early and late exercise groups to determine 
the importance of the timing of exercise is the point of 
difference in this study. It can be assumed that an early 
exercise program provided longer time than a late exer-
cise program to improve cardiovascular function and it 
had a beneficial effect on neovascularization, which in 
turn ameliorated impaired circulation in the nerve tissue 
damaged by impaired glucose metabolism. Hence, an 
early exercise program is considered better for retarding 
the progression of diabetic peripheral neuropathy than a 
late exercise program [4,5]. 

It is already known that exercise ranging from 50% to 
70% in terms of maximal intensity is most suitable for 30 

Fig. 7. (A) Effects of insulin and exercise treatment on motor nerve latency. A significant difference was observed 
between the insulin untreated groups and the insulin treated groups from the 5th week (*p<0.05, difference of distal 
latency in motor nerve conduction study between groups 2, 4, 5 and groups 1, 3, 6). No significantly different values 
were noted in the insulin untreated groups or the insulin treated groups. (B) Effects of insulin and exercise treatment 
on motor nerve amplitude. A significant difference was observed between the insulin treated with early exercise group 
and the other groups at the 3rd week and from the 7th to the 9th week (*p<0.05, difference of amplitude in motor nerve 
conduction study between groups 2, 4, 5 and groups 1, 3, 6). No significant differences were noted from the values in 
the insulin untreated groups. DM, diabetes mellitus; I, insulin treated; EE, early exercise; LE, late exercise.
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minutes. Kim et al. [8] allowed 70 rats with sciatic nerve 
injury to run on a treadmill for 4 weeks. Although the dif-
ference was not statistically significant, the diameter of 
muscle fiber recovered more in the 30-minute exercise 
group than in the 2-hour exercise group. When the du-
ration of exercise was greatly reduced, it was difficult to 
achieve the targeted effects. If the duration is too long, 
stressful conditions can cause hyperglycemia or hypo-

glycemia as well as they can possibly increase the risk of 
musculoskeletal injuries. In our study, when the duration 
of the exercise exceeded 30 minutes, rats were so tired 
that they either harassed other rats or died of aspiration 
pneumonia. Thus, the duration of exercise was limited 
to 30 minutes. Moreover, exercise for long durations can 
cause hypoglycemia during or after exercise, which can 
aggravate neuropathy. 

G

D

A B C

E F

Fig. 8. Microscopic examination of rat tail nerves (toluidine blue, ×400): (A) 
normal control, (B) group 1, (C) group 2, (D) group 3, (E) group 4, (F) group 5, 
and (G) group 6. There was no evidence of demyelination or axonopathy in 
all groups.
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Types of exercise depend on the individual’s prefer-
ence, but generally 30 minutes of intermediate intensity 
aerobic exercise is recommended. However, a thorough 
examination for any diabetes complications is needed 
before starting any exercise because diabetes complica-
tions can be aggravated by exercise itself. For example, 
high resistance exercises like heavy weight lifting are not 
suitable as the risk of physical trauma or microvascular 
complications is high. Kim and Lee [15] studied the ef-
fects of treadmill and swimming exercises on nerves 
in diabetic rats. Increased Schwann cell apoptosis was 
found in the distal peripheral nerves in groups of land-
based endurance exercises. It was suggested that tread-
mill exercise may have a detrimental effect on peripheral 

nerves in rats with diabetes. Moreover, according to an-
other study [16], treadmill training may cause foot injury 
during exercise, which could lead to some complications 
like diabetic foot. Therefore, in this study, swimming was 
preferred and it was chosen for proper aerobic exercise. 

The mechanism of diabetic neuropathy is still contro-
versial. In general, it is thought that metabolic disor-
ders cause injury to neuronal cells and Schwann cells, 
and that microvascular occlusions may provoke nerve 
ischemia [17-19]. Kwon et al. [7] reported that in early 
diabetic neuropathy, features of axonal lesions, which 
exhibit a reduction in the amplitude, were observed first. 
Further, as the neuropathy progressed, a reduction in the 
amplitude and a decrease in the nerve conduction veloc-

Table 2. Rat tail nerve fiber morphology in normal and diabetic rats

Density of the myelinated 
nerve fiber (/mm2)

Mean myelinated nerve 
fiber diameter (mm)

Mean axonal diameter
(mm)

Myelin thickness
(mm)

Control 16,113.2±1,114.8 7.60±0.43 6.36±0.38 0.95±0.06

Group 1 15,255.6±762.1 7.10±0.42a) 5.94±0.49 0.86±0.04a)

Group 2 16,912.0±1,287.1 7.54±0.34 6.32±0.41 0.89±0.03

Group 3 15,569.6±1,171.4 7.24±0.48 5.82±0.46 0.89±0.04

Group 4 15,556.6±1,310.8 7.46±0.53 6.18±0.61 0.92±0.06

Group 5 16,222.0±1,511.2 7.26±0.53 6.16±0.70 0.91±0.02

Group 6 14,940.4±1,550.6 7.18±0.44b) 5.70±0.48 0.87±0.03b)

Values are expressed as mean±standard deviation.
Control, normal control group; Group 1, diabetic control group; Group 2, insulin treated group; Group 3, insulin un-
treated with early swimming exercise group; Group 4, insulin treated with early swimming exercise group; Group 5, 
insulin treated with late swimming exercise group; Group 6, insulin untreated with late swimming exercise group.
a)p<0.05 between group 1 vs. control group.
b)p<0.05 between group 6 vs. control group.

A B

Fig. 9. Electron microscopic findings of rat tail nerves (×5,000): (A) control group and (B) group 1. A disproportionately 
shrunk thin myelin sheath was observed (arrow).
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ity, both of which are due to demyelination and axonal 
injury, were observed. Kato et al. [20] performed a simi-
lar experiment in diabetes-induced rats for 4 weeks and 
a reduction in the sensory nerve conduction velocity was 
observed, but, histopathological changes were not found. 
Singhal et al. [21] found no pathological change during 
their 8-week experiment. Park et al. [11] performed a NCS 
in 60 diabetic patients and they reported that not only the 
conduction velocity but also the amplitude of compound 
motor action potential had decreased significantly. 

No significant difference was found in the delay in 
latency and the reduction in the amplitude between 6 
weeks and 7 weeks of preliminary experimentation. Thus, 
the delayed exercise group started exercise from the 
7th week in our study. A 14-week exercise program was 
conducted in which the parameters of nerve conduction 
studies had reached a plateau in 13 weeks. We made the 
decision to stop the NCS and dissected the tails of the rats 
for histopathologic examination at the 14th week.

Considering the relationship between the findings of 
the NCS and pathological findings in axonal degenera-
tion, the amplitude decreases significantly/greatly, but 
the latency does not change much. In segmental demy-
elination, a delay in latency or a reduction in the nerve 
conduction velocity is more prominent than a reduction 
in the amplitude. In our study, the change in latency ap-
peared before the change in the amplitude. Therefore, it 
can be assumed that the demyelination process occurs 
earlier than axonal degeneration. In addition, the delay 
in latency was in agreement with the histological find-
ings, in which a reduction in the diameter of the myelin 
sheath was statistically more significant than a reduction 
in the axonal diameter. 

Consequently, early induction of exercise could post-
pone the demyelination process in a nerve fiber in 
diabetic rats by reducing the complications such as hy-
perglycemia, dyslipidemia and inflammatory effects of 
obesity.

An early regular exercise program in addition to con-
ventional insulin treatment was able to retard the pro-
gression of diabetic peripheral neuropathy.

In the future, prospective studies with larger sample 
sizes and long-term follow-ups are required to determine 
the irreversible changes in electrophysiological and his-
topathological findings.
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