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Abstract

It is well documented that diabetic rats and subjects have a paradoxical resistance to ischemic conduction block
although the nerves of diabetics are more susceptible to entrapment neuropathies. The aim of the present study was
to further analyze the effect of anoxia on the diabetic nerve. Nerve conduction was measured in vitro in desheathed
sciatic nerves from spontaneously diabetic rats (BB-Wistar) and age-matched controls. After onset of anoxia the com-
pound action potential (CAP) decreased to 50% in 17 min in diabetic rat nerves and 8 min in normals. Following re-
oxygenation CAP recovered to 50% in 30 s in normal rat nerves and after 3 min the recovery was 92%. In nerves from
diabetic animals 50% recovery took 4 min, but still after 12 min CAP was suppressed to a 60% level of the original.
Longer periods of anoxia did not impair the recovery in normal nerve as it did in the diabetic ones. This defective
recovery after anoxia in nerves from diabetic animals may be relevant for the understanding of the pathogenesis of
entrapment neuropathies in diabetic subjects.

Keywords: Diabetes mellitus; Diabetic neuropathy; Anoxia; Ischemia; Nerve conduction; BB-Wistar rat

1. Introduction demonstrated in animals with diabetes both in
vivo [8] and in isolated nerve [9]. The phenomenon
Patients with diabetes mellitus show a higher in- occurs soon after the onset of diabetes even in the
cidence of entrapment neuropathies than the gen- absence of clinical neuropathy [10,11].
eral population [1-4] suggesting that the diabetic The cause of this abnormal resistance to acutely
nerve is more susceptible to hypoxic or ischemic induced ischemia and anoxia in diabetes remains
injury. Paradoxically though, the diabetic nerve obscure. It is not specific for diabetes but has been
has an increased resistance to acutely induced described in uremia [12,13] chronic liver disease
ischemic conduction block [5—-7]. This resistance [14,15] hypercalcemia [16] and motor neuron
to ischemic conduction block has also been disease [17]. It is also observed in non-diabetic
subjects with chronic hypoxia [18], which has led
" * Corresponding author, Tel.: 46-13-222030; Fax.: 46-13- to the notion that hypoxia may be a contributing
224541, factor in the pathogenesis of diabetic neuropathy

0168-8227/94/$07.00 © 1994 Elsevier Science Ireland Ltd. All rights reserved
SSDI 0168-8227(94)00973-X



178 P. Lindstrom et al. / Diabetes Res. Clin. Pract. 25 (1994) 177-181

[19-22]. In the present study we have compared
the recovery phase following anoxic conduction
block in diabetic and normal rat nerves to explore
further abnormalities that may be related to the
pathogenesis of diabetic neuropathy.

2. Materials and methods

2.1. Animals

Eight pre-diabetic BB/W-rats were obtained
from the NIH-colony at the Department of
Pathology, University of Massachusetts, Wor-
chester, MA. Prediabetic BB/W-rats were carefully
monitored as to the onset of diabetes which oc-
curred at a mean age of 82 + 2 days. Diabetic rats
were maintained on small daily doses (0.5-3.0
1U/day) of insulin protamin-zinc (Connaught-
Novo, Toronto, Ont.) as previously described in
detail [23]. Diabetic rats showed a mean blood glu-
cose value of 19.0 + 2.4 mM when sacrificed 8-16
weeks after detection of diabetes. Eight male non-
diabetes prone age-matched BB/W-rats with a
mean blood glucose value 0of 9.2 + 0.4 mM served
as controls.

2.2. Recording procedure and conditions

Animals were anesthetized with intramuscular
injections of Hypnorm® (Janssen) 0.2 ml/kg body
weight and intraperitoneally injected pentobar-
bital sodium 25 mg/kg body weight. Ten sciatic
nerves were examined from diabetic rats and an
equal number of non-diabetic control nerves were
assessed. Approximately 40 mm of the sciatic
nerve were excised, desheathed and placed in a
thin Perspex recording chamber as previously
described [24]. The chamber was placed in a slot
of an aluminium block that was kept at 37°C by
circulating water. In the recording chamber, elec-
trodes were placed 4 mm apart along the nerve.
The amplitude of the compound action potential
(CAP) was measured following a stimulating pulse
of supramaximal strength delivered at 1 Hz. The
nerve was then superfused with an oxygenated
Ringer’s solution containing 154 mM NaCl, 5.6
mM KCl, 2.0 mM CaCl, and 10 mM Hepes buf-
fer titrated with NaOH to pH 7.4. After a CAP
reference level (100%) had been established during
10 min, anoxia was initiated by superfusion with a

nitrogenated Ringer’s solution [24] and the re-
cording chamber was sealed off with Perspex plugs
to prevent gas exchange from the outside. The ex-
tent of CAP decline expressed in percent was
measured at various time intervals up to 45 min
after the initiation of anoxia. For the recovery
experiments the nerve was again superfused with
100% oxygenated Ringer’s solution and the CAP
was measured at various time intervals up to 12
min following re-oxygenation.

2.3. Statistical methods

All values are expressed as mean + S.D. Com-
parisons between diabetic and non-diabetic rats
were performed using Student’s r-test.

3. Results

After the onset of anoxia, a 50% reduction in
CAP occurred after 9.3 + 0.7 min in non-diabetic
rats, whereas diabetic sciatic nerves required
16.1 £ 1.8 min (P < 0.001) (Fig. 1). The data ob-
tained from control nerves are similar to our pre-
vious findings [26]. To reach the 5% level of the
original value (near complete conduction block)
required 26.7 + 2.6 min in non-diabetic sciatic
nerves compared with 34.4 + 4.3 min in diabetic
sciatic nerves (P < 0.001) (Fig. 1).

When complete anoxic block had been obtain-
ed, the nerves were again superfused with 100%
oxygenated Ringer’s solution and the recovery of
CAP was examined. In normal nerves CAP had
recovered to 50% in 0.5 min and after 3 min the re-
covery was 92.1 = 2.3% of the original CAP. In
diabetic nerves 50% recovery of CAP required
4.1 £ 1.7 min (P < 0.001) and following 12 min
of re-oxygenation they had only recovered to
59.7 £ 7.8% of the original CAP.

In order to exclude the possibility that this dif-
ference in recovery between control and diabetic
nerves was due to the longer exposure of diabetic
nerves to anoxia, one group of control nerves
(n = 5) was re-oxygenated immediately following
total anoxic block (duration of anoxia 35 min) and
another (n = 5) was kept anoxic for an additional
15 min. After prolonged anoxia (50 min), 50% re-
covery of CAP required 1.5 + 0.4 min compared
with 1.2 = 0.3 min in nerves exposed to anoxia for
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Fig. 1. Time course of anoxic block (left) and subsequent recovery (right) in sciatic nerves from non-diabetes prone (O) and diabetic
(A) BB/W-rats. A reference level (100%) of compound action potential (CAP) amplitude was established during 10 min prior to the
anoxic period. Each data point represents the mean + S.D. of ten nerves in each group.

35 min (P =N.S.). Following 4 min of re-

0,
oxygenation the CAP recovery was above 90%

(Fig. 2), indicating that the delayed and incom-
plete recovery in diabetic nerves under these con-
ditions was not due to prolonged anoxic exposure.

4, Discussion

The present data confirm earlier reports
demonstrating a resistance to ischemic conduction
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Fig. 2. Effect of anoxia duration on recovery in normal nerves.
In both groups the nerves were completely blocked after a
period of anoxia for 35 min (drawn schematically in left panel
from data in Fig. 1). Five nerves were immediately perfused
with 100% oxygenated Ringer’s solution (solid linc) and five
nerves were kept anoxic for an additional 15 min following
complete conduction block (total time of anoxia 50 min),
before being perfused with oxygen saturated solution (broken
line, right panel). Each data point represents the mean + S.D.
of five nerves.

block in diabetic nerve [5-7]. In the diabetic
BB/W-rat sciatic nerve the time required for a 50%
anoxic conduction block was approximately
doubled compared with non-diabetic control
nerves. These findings are in agreement with the
data of Seneviratne and Peiris [9], who found
almost a doubling of the time required to achieve
a 50% conduction block in sciatic nerves of alloxan

UldDC[lL rdlb, as WCll as lIlObC ICPUILCU Dy Jamafill()
et al. [8], who described a doubling of the time re-

quired for conduction block in the tail nerve of
streptozotocin diabetic rats.

The recovery phase of the diabetic nerve follow-
ing anoxic conduction block has not previously
been studied. In the present study non-diabetic
rats recovered 90% of the maximum CAP in 3 min,
whereas diabetic sciatic nerves recovered only 45%
of the CAP in the same time and showed oniy a
60% recovery after 15 min of re-oxygenation. A
delayed recovery of nerve conduction following
anoxic exposure appears to be present also in
diabetic subjects after cuffing of the nerve (Lind-
sttom and Brismar, unpublished data). It is
therefore possible that this protacted condition
block following episodes of anoxia may contribute
to the high incidence of entrapment neuropathies
in diabetic patients [1-3].

It has been suggested that the diabetic nerve is

canahlae af matabhalizino aveece eolucase via non-
capacie Ol melacoizing €XCess giucose via non

oxidative pathways to sustain its conduct1v1ty dur-
ing hypoxic or ischemic conditions [8}. An alterna-
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tive hypothesis proposes that abnormalities in
membrane permeability properties would prevent
an efflux of K* thus counteracting the accumula-
tion of extracellular K* that would otherwise
cause a depolarization block [9]. Ritchie [25] has
proposed that a slight depolarization of the
diabetic nerve, secondary to reduced Na,K-
ATPase activity, decreases the sodium current and
thereby the metabolic cost of impulse transmis-
sion. However, recent studies on impulse conduc-
tion in rat tail nerves have demonstrated a reduced
capacity to transmit high-frequency trains in strep-
tozotocin diabetic rats [26]. Furthermore,
measurements of the threshold for excitation in
nerves of diabetic subjects did not indicate any ab-
normal depolarization [27] and in normal rat

nerve, wé IldVﬁ UCIﬂUllblfdlUU I.Ildl. uw dlle\lb con-

duction block was not secondary to changes in
intra-axonal [Na*] or [K*] following impulse ac-

tivity, nor was it correlated to 1nh1bmon of the
Na,K-ATPase activity [24]. Instead, the anoxic
block seemed to depend on sodium-channel inacti-
vation as demonstrated in single voltage clamped
rat fibres [28].

However, when ouabain-inhibited normal
nerves are I'CDCCI' ea dDOXlC, mey EXDIDII, a (!C!dy lIl
the onset of conduction block, and the recovery

aftar the anavie anicade ic nraloneed and incom-
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plete [24]. These properties are similar to those
demonstrated in peripheral nerves from the BB/W-
rat in the present study. The biochemical defects
that characterize the neuropathy in the diabetic rat
consist of a decreased sodium permeability in the
axonal membrane and a marked decrease in Na, K-

ATPase activity manifested by a 5-fold increase in
mtra-axonal [Na*] [29- 32] It is conceivable that

n tha diahatic narve
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with ouabain, the delayed effect of anoxia is re-
lated to the decrease in Na,K-ATPase activity.
Low Na,K-ATPase levels may conserve energy by
decreasing ATP consumption, which would delay
the onset of anoxic conduction block. The im-
paired recovery in the diabetic rat nerve (like the
ouabain-treated nerve) may be related to the
elevated intracellular sodium concentration. Thus,
exneriments bv Stve et al l'll'l on isolated rat ontic
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nerve have indicated that anoxia causes elevated
intracellular [Ca®*], secondary to increased intra-

ag armal nervas traatad
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cellular [Na*] and reversed action of a Na-Ca ex-

change mechanism.

In conclusion, we have found that aithough the
diabetic rat nerve has an abnormal resistance to
anoxia manifested as a prolonged time prior to
conduction biock in the acute experiment, there is
a defective recovery after the anoxic episode which

can PRI, i PSSV PIpvg DIV i

was llUl. hivi-ii] lll normai nerves. ll a bilullal UucicilL
is present in diabetic subjects it may contribute to
a greater susceptibility to chronic ischemia or hy-
poxia which may be associated with nerve en-
trapment.
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