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Summary. Glucose, fructose, sorbitol and myoinositol con-
centrations were measured in biopsies of peripheral nerve
obtained at above-knee or below-knee amputation. In diabet-
ic patients nerve glucose (median [range]) (5.09 [1.62-12.82]
vs 3.12 [1.81-4.01]) p <0.001, fructose (0.245 [0.060-1.280] vs
0.150 [0.053-0.385]) p <0.05, and sorbitol (0.028 [0.012-0.496]
vs 0.016 [0.007-0.059] p <0.02, umol/g wet weight) were sig-

nificantly higher than in non-diabetic patients. No significant
difference was found in myoinositol concentration (1.95
[1.00-3.55] vs 2.09 [1.27-5.40] umol/g wet weight). Concen-
trations differed markedly from previously reported values in
human nerve obtained at post-mortem.
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Elevation of nerve concentrations of sorbitol and fruc-
tose and reduction of nerve concentration of myoinosi-
tol are well recognised features of experimentally in-
duced diabetes mellitus in animals. They are thought
to be important in the neuropathy associated with dia-
betes mellitus in both animals and man [1-7].

While sorbitol, fructose, glucose and myoinositol
concentrations have been measured in sciatic nerves
obtained at post-mortem in diabetic and non-diabetic
patients [8], in vivo measurements have been confined
to sural nerve biopsies [9]. In order to obtain a better
estimate in vivo in man, we have measured concentra-
tions in proximal nerve biopsies taken at above knee
(sciatic nerve) and below knee (common peroneal
nerve) amputations performed for either neuropathic
sepsis or peripheral vascular disease in diabetic and
non-diabetic patients.

Subjects and methods

Nerve biopsies were obtained from 16 non-diabetic patients
(11 men) with a mean age of 71 years (range 31-88 years) and from
21 diabetic patients (14 men) (Table 1). The mean age of the diabetic
patients was 67 years (range 49-81 years) and the time since diagno-
sis of diabetes ranged from 1 to 33 years (mean 15 years). One pat-
ient was treated by diet alone, 7 with oral hypoglycaemic agents and
13 with insulin.

In the non-diabetic patients amputation was performed because
of severe peripheral vascular disease, 13 were below-knee amputa-
tions and 3 above-knee.

In the diabetic group 12 amputations were for peripheral vascu-
lar disease, (9 below-knee) and 9 amputations for neuropathic sepsis
(all below-knee). In all patients the amputation wound healed satis-
factorily.

Peri-operative treatment of diabetes was with intravenous glu-
cose (5%) and insulin infusion (14 patients), glucose (5%) and subcu-
taneous insulin (n=2), or temporary withdrawal of oral hypoglycae-
mic agents (n=>5).

At operation 2-3 cm length of nerve was taken from the proxi-
mal amputation stump, fat and connective tissue removed and the
tissue wrapped in a square of tin foil. The sample was then deep fro-
zen at —70°C within 2 min of biopsy. Samples were stored at
—70°C until sugar extraction and analysis was performed.

Sugars were extracted from tissue by first homogenising in an
equivalent of 13 ml of an aqueous solution of & methyl-D-manno-
side (23 pg/ml) per gram wet weight of nerve tissue, followed by
boiling for 20 min [10-12]. Protein was removed by precipitation
with barium hydroxide and zinc sulphate [13] and the remaining so-
lution lyophilised. Trimethylsilyl ethers of the sugars in this sample
were made using a pyridine/hexamethyldisilazine/trimethylchlor-
silane mixture (10:2:1) (Pierce Chemical Company, Rockford, Ili,
USA) [14]. The silylated derivatives were then partitioned between
water and cyclohexane and the organic phase chromatographed us-
ing a Hewlett Packard HP 5890 GLC fitted with cross-linked methyl
silicone 25-m capillary column.

Using this method the completeness of extraction from nerve tis-
sue is 98.2%. No significant differences have been found in measure-
ment of levels of glucose, fructose, sorbitol and myoinositol when
extraction has been homogenisation in an aqueous media, treatment
with perchloric acid solutions, extraction from powdered tissues, or
boiling in water, Using boiling as the method of extraction gives a
percentage recovery of added standard sugars of 104%. No signifi-
cant differences have been detected in sugar levels extracted by boil-
ing where enzymes are heat-denatured, and in extracts where protein
was precipitated using Somogyi zinc and barium reagents but de-
proteinising samples after boiling gave cleaner GLC traces without
contaminating proteins.
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Table 1. Details of diabetic and non-diabetic patients studied
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Sex Age BMI/or Duration Treatment  Microvascular Blood glucose HbAI1 BP
(years) weight of diabetes complications prior to surgery (%) (mmHg)
(kg) (vears) (mmol/1)
Diabetic patients
F 47 14.7 14 1 None 13.0 - 150/70
M 60 19.8 22 I None 7.3 10.5 140/90
F 73 33.4 20 I Bkg retinopathy 32 - 190/100
M 77 24.0 12 I None 13.0 9.8 140/75
M 69 254 14 I Bkg retinopathy, 11.2 - 160/80
proteinuria
M 69 21.6 12 SU+BG Bkg retinopathy, 9.7 10.4 150/90
proteinuria
M 60 27.0 1 I Bkg retinopathy, 8.0 23.0 140/70
proteinuria
M 49 24.0 4 I None 11.5 - 120/80
F 75 3141 1 SU None 10.0 - 130/70
M 65 255 4 SU None 5.6 - 120/70
M 52 24.7 30 1 Bkg retinopathy 15.0 - 130/90
M ! 24.6 33 I Proteinuria 3.6 - 150/90
M gA! 27.8 30 1 None 4.0 - 160/90
M 69 23.7 32 I Prolif. retinopathy 10.0 1041 130/70
M 57 18.8 23 I Bkg retinopathy 10.0 - 130/80
M 76 242 13 SU None 4.0 - 160/90
F 80 34.7 8 | None 12.5 - 160/80
F 77 18.7 5 SuU None 144 - 160/80
M 63 (81.0) 13 SU None 11.2 - 160/90
F 79 23.8 9 SU None 43 - 180/100
F 73 17.3 10 Diet None 6.8 - 140/80
Non-diabetic patients
M 31 (59.4) - - - - - 110/70
M 73 (61.0) - - - - - 130/80
M 72 (74.5) - - - - - 125775
F 88 212 - - - - - 160100
F 80 29.4 - - - - - 130/80
F 71 - - - - - - 140/80
M 59 39.4 - - - - - 200/100
M 7 - - - - - - 160/80
M 70 (62.0) - - - - - 140/100
F 82 - - - - - ~ 200/80
M 69 - - - - - - 100/80
M 69 - - - - - - 210/110
F 83 - - - - - - 180/100
M 88 - - - - - - 120/80
M 85 229 - - - - - 140/90
M 71 26.2 - - - - - 150/90

I, insulin; SU, sulphonylurea; BG, biguanide treatment

Statistical analysis

The Mann-Whitney U test was used to determine statistical differ-
ences between the two groups, corrected for ties in the data where
appropriate [15].

Results

Individual results for glucose, sorbitol, fructose and
myoinositol are shown in Figures 1 and 2.

Nerve concentrations of glucose (p <0.001), sorbi-
tol (p <0.02), and fructose (p <0.05) were significantly
higher in diabetic than in non-diabetic patients, but no
significant difference was observed for myoinositol.

There were no significant differences in sugars and
myoinositol concentrations between sciatic (n=6) and
common peroneal (n=31) nerve biopsies. In addition,

no significant differences were found between the dia-
betic patients who did and did not receive intravenous
dextrose and insulin over the period of surgery.

No significant correlation was found between glu-
cose and sorbitol for either the non-diabetic patients
(r=—0.00) or the diabetic patients (r= -0.05). There
were no significant correlations between any of the
other sugars nor between glucose, sorbitol or fructose
and myoinositol.

Discussion

Elevated nerve sorbitol and fructose concentrations are
a feature of experimental diabetes [1-7]. Similar in-
creases were found in sciatic nerve obtained at post-
mortem from diabetic patients [8]. Our results confirm
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Fig.1. Concentrations of glucose and fructose (umol/g wet weight)
in nerve biopsies from 16 non-diabetic and 21 diabetic patients. Indi-
vidual results and median value are presented
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Fig.2. Concentrations of sorbitol and myoinositol (umol/g wet
weight) in nerve biopsies from 16 non-diabetic and 21 diabetic pat-
ients. Individual results and median value are presented
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these findings compared with non-diabetic patients,
but there are marked differences between the results in
our operative biopsies compared with post-mortem
specimens. Mayhew et al. [8] reported sorbitol concen-
trations of 0.09 £0.10 pmol/g (mean + SD) in non-dia-
betic and 0.39+0.49 umol/g in diabetic patients.
These mean values are approximately 5-fold and
14-fold higher than our median values respectively.
Similarly nerve fructose concentrations from diabetic
patients were much higher than in the present study.
The reason for this discrepancy between post-mortem
and operative biopsy results probably relates to
the considerably lower nerve glucose concentrations
in post-mortem nerves. Mayhew et al. [8] reported
mean values of 0.46 pymol/g for non-diabetic and
1.61 umol/g for diabetic patients compared with our
results of 3.12 and 5.09 pmol/g, respectively, implying
post-mortem glucose metabolism to sorbitol and fruc-
tose.

In the study of Dyck et al. [9] on in vivo sural nerve
biopsy, 9 of the 20 diabetic patients were untreated,
and no information is given on sural nerve glucose
concentration. No significant differences were ob-
served for nerve sorbitol or fructose between the dia-
betic and non-diabetic groups. Although values for
both were higher than found in the present study,
Dyck et al. [9] lyophilised nerve tissue prior to weigh-
ing and extraction. Allowing for our use of wet weight,
sugar concentrations are similar in the two studies. In
none of these studies, including our own, has it been
possible to examine the relationship between blood
and nerve glucose concentrations.

Decreased myoinositol concentrations have been
observed in the sciatic nerves from streptozotocin-dia-
betic rats [3, 6, 16, 17], although normal levels in spinal
cord and sciatic nerve have also been reported [1].
Mayhew et al. [8] found a significant reduction in my-
oinositol concentration in post-mortem biopsies from
diabetic patients, as did Brown et al. [18], in sural nerve
biopsy in 3 diabetic patients. In contrast, we did not
observe a significant difference in nerve myoinositol
concentration between diabetic and non-diabetic pat-
ients.

Previous studies [8, 9] have examined nerve fasci-
cles after removal of perineurium and endoneurium
compared with our use of whole nerve. While glucose,
sorbitol and fructose levels of the respective compo-
nents of whole nerve are unknown, myoinositol con-
centrations of fascicles are higher than of whole nerve
and may contribute to our failure to obtain significant
differences.

While the possibility of altered nerve metabolism in
the context of limb ischaemia or infection needs to be
considered, biopsies were taken proximal to the ampu-
tation site and all patients subsequently showed satis-
factory post-operative healing.

With the current interest in drugs that inhibit al-
dose reductase [19], it is clearly important to have in-
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formation on nerve glucose, sorbitol, fructose and
myoinositol concentrations in diabetic patients. The
current study has obvious advantages over tissue ob-
tained at post-mortem, although other factors such as
glucose control peri-operatively, anaesthetic agents and
analgesics may infiuence results. Further studies will
be necessary to clarify these reservations.
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