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Effects of the hydroxyl radical scavenger, dimethylthiourea,
on peripheral nerve tissue perfusion, conduction velocity
and nociception in experimental diabetes
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Abstract

Aims/hypothesis. Increased oxidative stress has been
linked to diabetic neurovascular complications,
which are reduced by antioxidants. Our aim was to
assess the contribution of hydroxyl radicals to early
neuropathic changes by examining the effects of
treatment with the specific scavenger, dimethylthiou-
rea, on nerve function and neural tissue blood flow in
diabetic rats.

Methods. Diabetes was induced by streptozotocin.
Measurements comprised sciatic nerve motor and
saphenous nerve sensory conduction velocity. Re-
sponses to noxious mechanical and thermal stimuli
were estimated by Randall-Sellito and Hargreaves
tests respectively. Sciatic nerve and superior cervical
ganglion blood flow were measured by hydrogen
clearance microelectrode polarography.

Results. Eight weeks of diabetes reduced motor and
sensory conduction velocity by 19.9 % and 15.7 % re-
spectively, and these were completely corrected by
2 weeks of dimethylthiourea treatment. The EDq,

for motor conduction was 9 mg - kg™ - day~'. Mechan-
ical and thermal nociceptive sensitivities were 18.9 %
and 25.0% increased by diabetes, respectively, indi-
cating hyperalgesia which was 70 % reduced by dim-
ethylthiourea. Sciatic endoneurial and superior cervi-
cal ganglion blood flows were 51.2% and 52.4 % re-
duced by diabetes and there was an approximately
80 % improvement with treatment.
Conclusion/interpretation. Hydroxyl radicals seem to
make a major contribution to neuropathy and vascul-
opathy in diabetic rats. Treatment with the hydroxyl
scavenger, dimethylthiourea, was highly effective.
The data suggest that the development of potent hy-
droxyl radical scavengers suitable for use in man
could markedly enhance the potential therapeutic
value of an antioxidant approach to the treatment of
diabetic neuropathy and vascular disease. [Diabeto-
logia (2001) 44: 1161-1169]
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Oxidative stress contributes to the neural and vascu-
lar complications of diabetes [1, 2]. For nerve, antiox-
idant protection is impaired; glutathione content is
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diminished and lipid peroxidation markers are in-
creased [2, 3]. Vascular endothelium is also vulnera-
ble to oxidative stress, including the nitric oxide sys-
tem [1, 4]. Treatment with free radical scavengers in-
creases nerve conduction velocity (NCV), blood
flow and regenerative capacity [3, 5-9] and protects
endothelial function [10-12]. The vasa nervorum and
the nitric oxide system in nerve complications is im-
portant in that antioxidant effects on function are
largely abolished by nitric oxide synthase inhibitor
co-treatment in experimental models [13]. It has
been noted, however, that extremely high doses of
natural scavengers such as vitamins E or C are re-
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quired to correct nerve and vascular dysfunction [6,
10] possibly because they do not optimally scavenge
the most important reactive oxygen species (ROS),
or because they do not distribute well in the appropri-
ate cellular or body compartment.

Several potential sources of ROS have been sug-
gested; superoxide could be generated by endothelial
NAD(P)H oxidase, nitric oxide synthase, mitochon-
drial respiratory chain inefficiency, or xanthine oxi-
dase mechanisms [1, 14]. Autoxidation reactions of
glucose and its metabolites and advanced glycation
could be important sources of ROS [15]. The highly
reactive hydroxyl radical can be produced from su-
peroxide and hydrogen peroxide by the Haber-Weiss
reaction and from peroxide by the transition metal
catalysed Fenton reaction. Superoxide readily reacts
with nitric oxide to give peroxynitrite, which decom-
poses to liberate hydroxyl radicals [16]. For vascular
and nerve complications it is not clear whether the su-
peroxide itself and its interaction with nitric oxide is
the important pathophysiological step or whether a
peroxide or hydroxyl radical mechanism is more rele-
vant. Studies with metal chelators have emphasised
the importance of the latter process for neurovascular
dysfunction [9, 17-19], however, interpretation is
complicated because other potential transition metal
catalysed mechanisms also enhance the glycoxidation
process [20, 21]. Therefore, to further delineate the
ROS mechanisms responsible for neurovascular dys-
function, the effect of treatment with the hydroxyl
radical scavenger, dimethylthiourea (DMTU), on
measures of large and small nerve fibre function and
peripheral nervous tissue perfusion were examined
in diabetic rats.

Materials and methods

Experiments were carried out in accordance with regulations
specified by the United Kingdom ‘Animal Procedures Act,
1986’ and the National Institutes of Health ‘Principles of Labo-
ratory Animal Care, 1985 revised version’.

Experimental groups and diabetes induction. Male Sprague-
Dawley rats (Aberdeen University colony), 19 weeks old at
the start of the study were used. Diabetes, induced by intra-
peritoneal streptozotocin (Astra-Zeneca Pharmaceuticals,
Macclesfield, Cheshire, UK) at 40 to 45 mg/kg freshly dis-
solved in sterile 0.9 % saline solution, was verified 24 h later
by estimating hyperglycaemia and glycosuria (Visidex II and
Diastix; Ames, Slough, UK). Blood samples were taken from
the tail vein to measure plasma glucose (GOD-Perid method;
Boehringer Mannheim, Mannheim, Germany) just before fi-
nal experiments.

Three sets of experimental groups were used. The first
study was preventive, diabetes duration being 4 weeks, and
measurements were made of NCV. The second was an inter-
vention study, where diabetes duration was 8 weeks, treatment
being given for the final 2 weeks. Measurements were on sciat-
ic nerve blood flow, and on nerve conduction including the
dose-response relationship for sciatic motor NCV. In the third

investigation, also an intervention study, measurement of re-
sponses to noxious mechanical and thermal stimulation were
made to assess function of pain small-fibre systems before and
after 2 weeks of treatment, followed by measurement of supe-
rior cervical ganglion (SCG) blood flow.

Dimethylthiourea dissolved in sterile saline (Sigma, Poole,
Dorset, UK) was injected daily intraperitoneally, for all studies
except the dose-response determination, the dose was set at
100 mg/kg.

Sciatic nerve and superior cervical ganglion blood flow. Rats
were anaesthetised with thiobutabarbital (Astra-Zeneca;
50-100 mg/kg), by intraperitoneal injection. The trachea was
cannulated for artificial ventilation. A cannula in the right ca-
rotid artery was used to monitor mean systemic blood pres-
sure. Core temperature was monitored and regulated at 37 to
38°C, using a rectal probe and radiant heat.

Blood flow was estimated by microelectrode polarography
and hydrogen clearance as described [22]. For peripheral nerve
recordings, the sciatic nerve was exposed between sciatic notch
and knee. For ganglion recordings, the left SCG was located in
the vicinity of the carotid bifurcation. In both cases, the skin
around the incision was used to form a pool that was filled
with paraffin oil maintained at 35 to 37 °C by radiant heat dur-
ing measurements. A glass-insulated platinum microelectrode
was inserted into the appropriate neural structure and polaris-
ed at 0.24 V according to a subcutaneous reference electrode.
10% H, was added to the inspired gas, the proportions of O,
and N, were adjusted to 20% and 70% respectively. When
the H, current recorded by the electrode had stabilised, indi-
cating equilibrium with arterial blood, the H, supply was shut
off and N, delivery was increased appropriately. The H, clear-
ance curve was recorded until baseline, the latter was defined
as no systematic decline in electrode current over 1 min for
SCG or 5 min for sciatic nerve recordings. This procedure was
then repeated at another site. Clearance curves were digitised
and monoexponential or biexponential curves were fitted off-
line by computer using non-linear regression, the Marquardt
algorithm and the least squares method for optimising good-
ness-of-fit (Prism, Graphpad, San Diego, Calif., USA). The
slow exponent was considered to reflect nutritive flow [22].

Nerve function tests. Rats were anaesthetised with urethane
(1-1.5 g/kg, dissolved in saline) by intraperitoneal injection
for the preventive study, or with thiobutabarbital in the rever-
sal study when blood flow was measured. The sciatic nerve
was exposed between sciatic notch and knee and motor NCV
was measured as described previously [23] in the nerve branch
to the tibialis anterior muscle, which is representative of the
whole sciatic nerve in terms of susceptibility to diabetes and
treatment effects. Saphenous nerve sensory NCV was mea-
sured between the groin and calf. Rectal and near nerve tem-
peratures were monitored and regulated between 36.5 and
37.5°C with radiant heat.

Nociceptive thresholds for mechanical stimulation were
measured by the Randall-Sellito test [24] and latencies for
withdrawal reflexes to noxious thermal stimulation of the foot
were estimated by the Hargreaves plantar test [25] using com-
mercially available equipment (Ugo-Basile, Comerio, Italy).
Briefly, tests were carried out in a constant room temperature
at the same time each day, and rats were given a 3-day period
for familiarisation with handling, the environment and equip-
ment, and the measurement procedure. Mechanical pressure
thresholds were then estimated twice a day for each foot over
a 3-day period before DMTU treatment commenced. After
12 days of treatment, thresholds were again determined over
3 days. Data from the 3 pre-treatment and 3 end-of-treatment
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days were averaged to give pressure threshold values. Each
day after mechanical testing, rats were placed in the thermal
testing apparatus, which consisted of a perspex enclosure with
a glass base, in which they were free to move. After 30 min ac-
climatisation, a constant power infrared stimulus was focussed
through the glass base onto the sole of the foot and the latency
for reflex foot withdrawal which was automatically recorded
by a photoelectric monitor. For each session four measure-
ments were obtained, two from each foot, the average was tak-
en as the final withdrawal latency. As with the mechanical esti-
mates, there was a 3-day run-in period, followed by 3 days pre-
drug and end-of-drug testing.

Statistical analysis. Results are expressed as means = SEM.
Data were subjected to Bartlett’s test for homogeneity of vari-
ances, followed by log transformation if necessary before one-
way ANOVA. Where significance (p < 0.05) was reached, be-
tween group differences were established using the Student-
Neuman-Keuls or Bonferroni multiple comparison tests. If
variances were not homogenous, data were analysed by appro-
priate non-parametric tests, such as Kruskal-Wallis one-way
ANOVA followed by Dunn’s multiple comparison test. With-
in-group serial comparisons were made using paired Student’s
t tests.

Results

Body weights and blood glucose concentrations are
given in Table 1. Diabetes caused an approximately
sixfold increase in plasma glucose and approximately
19% and 25% weight loss after 4 and 8 weeks, re-
spectively. These parameters were not affected by
DMTU treatment.

Diabetes of 4 and 8 weeks duration caused
22.5+1.1% and 19.8 + 0.8% reductions (p < 0.001)
in sciatic motor NCV (Fig.1 A, C), respectively.
Saphenous sensory NCV (Fig.1 B, D) also showed
176 £13% and 157 +0.9% deficits (p < 0.001).
High-dose (100 mg/kg) DMTU treatment completely
prevented the development of the motor NCV defect
over 4 weeks (p < 0.001) and reduced the sensory def-
icit by 91.8 £ 12.7% (p < 0.001). In the intervention
experiment, both motor and sensory NCV reductions
were completely corrected (p <0.001) by DMTU
treatment. Dose-response intervention studies on sci-
atic motor NCV (Fig.2) showed a relatively high sen-
sitivity to DMTU, the lowest dose used (3 mg/kg) giv-

Table 1. Body weights and plasma glucose concentrations®

1163
A 701 B 651
—1— n':||‘_|'| -1
it 601 e
~604 nl e
) |:|:|:|:| %) | :l:l:':ll
E i bt
z ) B R
LI e B § - IIIIIIIII
3 504 I T
> i B i
Illllllll Illllllll
TR 45 - N
e i
Dl hnnn
so el a0 L TRTRL
C70- D 65
= T 607 e
Illllllll lllllllll
<60 T B, it
£ pn %] i
3 II'IIIIII > IIIIIIIII
= [ = [
8 il 8 50 S
> 501 THHH B e
S i
St 451 T
(] IIII IIllllllI
A i
MMM 40 PRI
40 N D DT N D DT

Fig.1(A-D). Effects of diabetes and dimethylthiourea treat-
ment on sciatic motor and saphenous sensory conduction ve-
locity. Preventive study: A sciatic motor, B saphenous sensory
NCYV, diabetes duration 4 weeks. Intervention study: C sciatic
motor, D saphenous sensory NCV, diabetes duration 8 weeks,
treatment for the last 2 weeks. N, nondiabetic groups (n = 10);
D, untreated diabetic groups (n = 10); DT, dimethylthiourea-
treated diabetic groups, 100 mg - kg™! - day!, n=6 and n=9
for preventive and intervention studies respectively. Data are
means + SEM

ing 22.3+6.3% amelioration (p <0.05). The log
EDs, was 0.955 + 0.009, corresponding to a dose of
approximately 9 mg/kg.

Thresholds to noxious mechanical stimulation of
the foot (Fig.3A) were 189+22% reduced
(p <0.01) by diabetes, indicating hyperalgesia. Two
weeks of DMTU treatment increased thresholds
(p = 0.024) to a value not significantly different from

Group n Body weight (g) Plasma glucose (mmol 1)
Start End

Non-diabetic 28 456 +3 - 6.4+03

Diabetic control

4 week 10 495+ 10 395+ 16 41.8 2.7

8 week 18 465 + 6 340+ 8 414 +£2.6

Diabetic + DMTU

4 week prevention 6 492 + 17 409 +24 345+1.1

8 week reversal 49 474 £ 3 368 +7 38.7+0.8

2 Data are means + SEM
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Fig.2. Dose-response curve for correction of a sciatic motor
conduction velocity deficit by dimethylthiourea in diabetic
rats. After 6 weeks of untreated diabetes, groups of rats
(n=7-8) were given dimethylthiourea treatment at doses of
3,10, 30 or 100 mg - kg™ - day™' for 2 weeks. Data are means +
SEM. Dashed lines, envelopes of + SEM as reference values
for nondiabetic (upper) and diabetic controls (lower); data
taken from groups in Fig. 1C

that of the non-diabetic group, representing
61.9 + 18.0% correction of the diabetic deficit. The
latency for foot withdrawal from noxious thermal
stimulation (Fig.3B) was 25.0 + 4.1 % reduced by dia-
betes (p <0.01), suggesting thermal hyperalgesia,
which was partially (73.1 + 13.6 %, p = 0.002) correct-
ed by DMTU treatment.

Sciatic endoneurial nutritive blood flow (Fig.4A)
was 51.2 + 3.5% decreased (p < 0.001) by 8 weeks of
diabetes, which was largely (86.4 + 9.7%, p < 0.001)
corrected by 2 weeks DMTU treatment. Systemic
perfusion pressure during the hydrogen clearance
measurements (Fig.4B) was approximately 19% re-
duced by diabetes, regardless of DMTU treatment
(p <0.01). As peripheral nerve does not show pres-
sure autoregulation, the perfusion results are ex-
pressed as nutritive vascular conductance (Fig.4C).
The diabetic conductance deficit was 38.0 + 3.8%
(p <0.001); DMTU treatment caused conductance
values to be in the top half of the non-diabetic range.

Hydrogen clearance curves for peripheral nerve
are usually composed of two simultaneously recorded
components. A fast component arises from clearance
by large vessels (non-nutritive arterial, venous and ar-
teriovenous flow) and a slow component results from
nutritive (capillary) clearance. Composite (total en-
doneurial) flow (Fig.5A), was 62.5 + 5.5 % decreased
and conductance (Fig.5B) was 52.3 + 6.5% reduced
in the diabetic group (p < 0.01). DMTU treatment re-
stored flow and conductance into the nondiabetic
range (p <0.01). There was no difference between
the proportion of hydrogen clearance carried by the
nutritive flow component, an index of changes in
flow pattern (Fig.5C).
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Fig.3(A, B). Effects of diabetes and dimethylthiourea treat-
ment on responses to noxious stimuli. A mechanical stimula-
tion thresholds for foot withdrawal, using the Randall-Sellito
test; B latency for foot withdrawal from thermal stimulation
using the Hargreaves plantar test. N, nondiabetic control
group (n = 8); diabetic group (n = 9) at 6 weeks, Before or Af-
ter 2 weeks of DMTU treatment (100 mg - kg™ - day™). Data
are means + SEM

There was a 52.4 + 3.5 % deficit (p < 0.001) in SCG
blood flow (Fig.6A) after 8 weeks of diabetes, which
was 76.4 +9.1% corrected (p <0.001) by DMTU
treatment. Systemic blood pressure during the flow
recordings did not differ significantly between exper-
imental groups (Fig.6B).

Discussion

The data show that DMTU had marked preventive
and corrective effects on motor and sensory NCV
deficits in diabetic rats. This is in line with the actions
of other ROS scavengers, such as vitamin E, probucol
analogues, acetyl cysteine and lipoic acid [3, 5-8, 13,
26]. The dose-response data showed a particularly
high efficacy for DMTU, compared to previously
studied ROS scavengers for which similar data are
available. Thus, the EDy, for DMTU was approxi-
mately 9 mg/kg, compared with 360 mg/kg for vita-
min E. Vitamin C was maximally effective at a dose
of 150 mg/kg, although this only gave 35 % protection
against diabetic NCV deficits [6]. The probucol ana-
logue, BM150639, which is 8 times more effective as
an antioxidant in vivo than probucol itself, had an
EDy, of approximately 40 mg/kg [13], as did lipoic
acid which is both a ROS scavenger and transition
metal chelator [26]. Dimethylthiourea is a relatively
specific scavenger of hydroxyl radicals, although it
will also react with hydrogen peroxide. Thus, the ex-
tremely high efficacy of DMTU emphasises the im-
portance of a hydroxyl radical and/or peroxide mech-
anism in diabetic nerve dysfunction.

The effects of DMTU were apparent for measures
of both large fibre (NCV) and small fibre function. In
the latter case, both mechanical and thermal hyperal-
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Fig.4(A-C). Effects of diabetes and dimethylthiourea treat-
ment on sciatic endoneurial nutritive perfusion. A endoneurial
blood flow; B mean systemic arterial pressure; C endoneurial
vascular conductance (VC). N, nondiabetic group (n = 10); D,
8 week untreated diabetic group (n = 10); DT, treated diabetic
group (n = 9) untreated for 6 weeks then given dimethylthiou-
rea (100 mg - kg™! - day™) for 2 weeks. Data are means + SEM

gesia were corrected, although the methodology used
does not allow discrimination between peripheral
and central DMTU actions on these nociceptive sys-
tems. Mechanical hyperalgesia has been noted in sev-
eral studies on different experimental hyperglycae-
mic models [27, 28]. There is less agreement about
changes in response to thermal stimulation in diabet-
ic rats. Thus, for streptozotocin-induced diabetes in
young rats, the tail flick test showed thermal hy-
posensitivity [29]. However, in our investigation, in
some other studies using streptozotocin-diabetic
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Fig.5(A-C). Effects of diabetes and dimethylthiourea treat-
ment on total sciatic endoneurial perfusion. A Total endoneu-
rial blood flow; B vascular conductance (VC); C proportion of
hydrogen clearance by the nutritive flow component. Groups
as for Fig.4. Data are means + SEM

rats, and in a model of Type II diabetes, thermal hy-
peralgesia was apparent [30, 31].

Partial correction of thermal and mechanical hy-
peralgesia by DMTU indicates the involvement of
peroxide and/or hydroxyl radicals. The mechanism is
uncertain; there have not been any reports of ROS
participation in the actual transduction process for
mechanical or thermal nociceptors. Increased protein
kinase C activity has, however, been implicated in the
changes in both large fibre and small autonomic fibre
function in diabetes [32, 33]. In addition, electrophys-
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Fig.6 (A, B). Effects of diabetes and dimethylthiourea treat-
ment on superior cervical ganglion nutritive perfusion. A
Blood flow; B mean systemic blood pressure. N, Nondiabetic
group (n=38); D, 8-week untreated diabetic group (n=38);
DT, treated diabetic group (n = 9) untreated for 6 weeks, then
given dimethylthiourea (100 mg - kg - day™) for 2 weeks.
Data are means + SEM

iological studies of mechanosensitive skin nociceptor
afferents showed altered responses to stimulation in
diabetic rats, which were acutely corrected by a pro-
tein kinase C inhibitor [34]. Moreover, the impor-
tance of protein kinase Cy to neuropathic pain has
been demonstrated in knockout mice [35]. This could
relate to oxidative stress because the latter activates
protein kinase C in diabetes and ischaemia-reperfu-
sion models [36, 37]. Vascular protein kinase C is
also stimulated in experimental galactosaemia [38]; a
model of increased oxidative stress that exhibits hy-
peralgesia and reduced NCV in the absence of chan-
ges in insulin concentrations or glucose homeostasis
[9, 27, 39, 40]. Thus, the data emphasise the impor-
tance of oxidative stress, by a mechanism that could
involve protein kinase C activation, in the altered no-
ciceptive responses of diabetic rats. This agrees with
clinical trial data from diabetic patients, where treat-
ment with the antioxidant, lipoic acid, caused im-
provements in symptomatic neuropathy, including
pain perception [41]. The question remains as to
whether antioxidant effects are mediated by direct
nerve fibre effects, or via improvements in nerve per-

fusion, or both. Impaired blood flow seems to con-
tribute to noxious stimulus hypersensitivity because
allodynia is reduced by vasodilator treatment in dia-
betic rats, which parallels effects on large fibre NCV
[42, 43].

Dimethylthiourea treatment had marked effects
on sciatic endoneurial nutritive blood flow, in agree-
ment with other ROS scavenger studies [3, 5-7, 13,
26], the magnitude was sufficient to account for the
motor and sensory NCV improvements [1]. Total en-
doneurial perfusion, which includes nutritive, large
vessel and ateriovenous shunt flow, was also com-
pletely corrected by DMTU, indicating a general ef-
fect on vasa nervorum without changes in flow pat-
tern. This correlates with the actions of ROS scaveng-
ers such as probucol [5], vitamin E [6], lipoic acid [26],
and the extracellular metal chelator, hydroxyethyl
starch-deferoxamine [19]. The mechanisms underly-
ing these vascular changes are not known in detail.
Experiments on aorta and basilar artery show that
DMTU prevents the development of reduced nitric
oxide-mediated endothelium-dependent relaxation
in diabetic rats [44, 45], also found in treatment using
other scavengers or metal chelators [10-12, 18, 46].
As vasa nervorum shows a diabetic nitric oxide deficit
[47, 48], it is likely that a similar situation applies to
DMTU action in this vascular bed, which could be re-
sponsible for improvements in nerve blood flow. Hy-
droxyl radicals result from the decomposition of per-
oxynitrite, the product of reaction between nitric ox-
ide and superoxide [16]. Dimethylthiourea should
not interfere with peroxynitrite production; there-
fore, the data suggest that it is the hydroxyl radicals
themselves that are the important pathophysiological
mediator. Dimethylthiourea can also scavenge hydro-
gen peroxide; however, this is not likely for the vascu-
lar results because hydrogen peroxide can both in-
crease endothelial nitric oxide synthase expression
and cause vasodilation [49, 50]. In aorta from diabetic
rats, catalase preincubation reduced endothelium-de-
pendent relaxation to acetylcholine [51]. Therefore, if
peroxide scavenging were an important action of
DMTU under these experimental conditions then re-
duced vasodilation and decreased nerve blood flow
might be expected. Thus, in conjunction with the
marked efficacy of DMTU in correcting NCV defi-
cits, the data emphasise the importance of hydroxyl
radicals in neurovascular dysfunction in diabetes.
Aside from peroxynitrite, a potentially important
source of hydroxyl radicals comes from transition
metal catalysed Fenton reactions. Metal chelator
studies show that this effect could be important for
vascular and nerve function [17-19, 46]. As with
DMTU, relatively low chelator doses are required
for high neurovascular efficacy [17] and the effects
of clearing free transition metal ions from the vascu-
lar space are long-lasting [19]. It is not known exactly
how hydroxyl radicals alter vascular function: they
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have been shown to inhibit nitric oxide synthase ac-
tivity in vitro, and could react directly with nitric ox-
ide or nitric oxide-containing nitrosothiols to neutra-
lise their vasodilator action [52, 53]. Moreover, hy-
droxyl radicals are toxic to vascular endothelium,
causing cell damage or cell death [54, 55]. The latter
could explain a more general disruption of endothe-
lial vasodilator function in diabetes, involving not
only nitric oxide, but also endothelium-derived hy-
perpolarizing factor and prostacyclin systems [56, 57].

The marked reduction in SCG nutritive blood flow
in diabetic rats probably depends on similar ROS me-
diated mechanisms to those for peripheral nerve,
largely corrected by DMTU treatment. There is only
one previous report of an SCG perfusion deficit, mea-
surements made after at least 12 months of experi-
mental diabetes [58]. Our data show that the ganglion
blood flow deficit occurs considerably earlier than
12 months. It is possible that the impaired perfusion
of neuronal cell bodies could contribute to autonomic
dysfunction by restricting the energy supply for syn-
thesis and transport of molecules essential to main-
tain axonal integrity and neurotransmission. Phos-
phocreatine concentrations in SCG were reduced in
diabetic rats and this was prevented by antioxidant
treatment [59]. This could be important for the rela-
tively early occurrence of autonomic dysfunction,
which affects the innervation of major organs includ-
ing blood vessels, corpus cavernosum, the gastroin-
testinal system, and the heart [18, 33, 60-62]. For ex-
ample, an oxidative stress related reduction in perfu-
sion is thought to play a part in cardiac autonomic
dysfunction, where vasodilator and antioxidant treat-
ments improved function in diabetic rats and humans
[63-65]. Similar arguments could also apply to the
mechanisms of small fibre sensory neuropathy as not-
ed in the nociception studies, because dorsal root
ganglia have comparable blood flow deficits to SCG
in diabetic rats [58].

In conclusion, DMTU treatment had marked ef-
fects on the deficits in small and large nerve fibre
function and neural tissue perfusion in diabetic rats.
The data are compatible with the notion that hydro-
xyl radicals contribute considerably to the mecha-
nism of oxidative stress-mediated dysfunction. It is
not possible to predict the potential effects of
DMTU treatment in nerves of patients with clinical
neuropathy because they have much more advanced
degenerative changes than those in experimental dia-
betes and the degree to which this could be reversed
is not known [66, 67]. The antioxidant approach, how-
ever, has been shown to improve nerve regeneration
in diabetic rats [68]. Dimethylthiourea itself might
not be suitable for use in humans, having been
shown to be fetotoxic in rats at a dose range (15 -
100 mg - kg™! - day™") similar to that used in these ex-
periments [69] and to increase alveolar albumin per-
meability at very high doses [70]. However, given the

high efficacy of DMTU compared to other more uni-
versal scavengers, it is plausible that the development
of specific and potent hydroxyl radical scavengers for
use in humans would greatly aid the antioxidant ap-
proach to the treatment of diabetic neuropathy and
vascular disease.
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