
Insulin generates/releases chemical substances that
alter the activities of purified enzymes [1, 2] and the
metabolism of intact cells [3, 4] in an insulin mimetic
fashion. These substances have therefore been
termed mediators or second messengers of insulin

[5]. Two different insulin mediators have been sepa-
rated from rat liver [6]. These mediators have been
identified as inositol phosphoglycans (IPGs), con-
taining inositol, non-acetylated amino sugars, neutral
sugars, ethanolamine, phosphate and, possibly, amino
acids [5]. One contains d-chiro-inositol and activates
pyruvate dehydrogenase (PDH) phosphatase,
whereas another contains myo-inositol and inhibits
cyclic AMP-dependent protein kinase (PKA). Injec-
tion of each of these IPGs into low-dose streptozoto-
cin-diabetic rats lowers blood glucose [7].

Body fluids of patients with non-insulin-depen-
dent diabetes mellitus (NIDDM) have abnormally
low levels of d-chiro-inositol and the d-chiro-inositol
containing IPG (as measured by its d-chiro-inositol
content and bioactivity) [8, 9], and it was therefore
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Summary Insulin mediators (inositol phosphogly-
cans) have been shown to mimic insulin action in vi-
tro and in intact mammals, but it is not known which
mediator is involved in insulin action under physio-
logical conditions, nor is it known whether insulin re-
sistance alters the mediator profile under such condi-
tions. We therefore investigated the effects of glucose
ingestion on changes in the bioactivity of serum inos-
itol phosphoglycan-like substances (IPG) in healthy
men and insulin resistant (obese, non-insulin-depen-
dent diabetic) men. Two classes of mediators were
partially purified from serum before and after glu-
cose ingestion. The first was eluted from an anion ex-
change resin with HCl pH 2.0, and bioactivity was de-
termined by activation of pyruvate dehydrogenase in
vitro. The second was eluted with HCl pH 1.3, and
bioactivity was determined by inhibition of cyclic
AMP-dependent protein kinase. In healthy men, the
bioactivity of the pH 1.3 IPG was not altered by

glucose ingestion, whereas bioactivity of the pH 2.0
IPG increased to approximately 120% of the pre-glu-
cose ingestion value at 60–240 min post-glucose in-
gestion (p < 0.05 vs pre-glucose). There was no
change in either IPG after glucose ingestion in the in-
sulin-resistant group. These data suggest that the pH
2.0 IPG plays an important role in mediating insulin’s
effect on peripheral glucose utilization in man under
physiological conditions. The data further show, for
the first time, a defective change in the bioactivity of
an insulin mediator isolated from insulin-resistant hu-
mans after hyperinsulinaemia, suggesting that inade-
quate generation/release of IPGs is associated with
insulin resistance. [Diabetologia (1997) 40: 557–563]

Keywords Inositol phosphoglycans, non-insulin de-
pendent diabetes mellitus, pyruvate dehydrogenase,
cyclic AMP dependent protein kinase.

Received: 4 October 1996 and in revised form: 2 January 1997

Corresponding author: Dr. A. Katz, Department of Surgical
Sciences, Division of Clinical Physiology, Karolinska Hospital,
S-171 76 Stockholm, Sweden
Abbreviations: IPGs, Inositol phosphoglycans; PDH, pyruvate
dehydrogenase; PKA, cyclic AMP dependent protein kinase;
NIDDM, non-insulin-dependent diabetes mellitus; HM, heal-
thy men; IRM, insulin-resistant men; IGF-1, insulin-like
growth factor-1.



suggested that the lack of precursor for the d-chiro-
inositol containing IPG is related to insulin resistance
[9]. Infusion of insulin, resulting in supraphysiologic
concentrations of plasma insulin, was shown tran-
siently to increase the content of both myo and d-
chiro-inositol in the two respective IPG mediator
fractions extracted from muscle biopsies of healthy
subjects. These fractions also had increased bioactivi-
ties vs the basal state [8]. In patients with NIDDM,
supraphysiologic plasma insulin concentrations also
resulted in a transient increase in the content of
myo-inositol of one mediator fraction extracted
from muscle biopsies, but the amount of d-chiro-inos-
itol from the other fraction was below the limit of de-
tection both before and after insulin infusion. Bioac-
tivity measurements were not performed on IPG
fractions isolated from the diabetic patients [8]. Thus
it is not known which, if any, of these IPGs is involved
in insulin action under physiologic conditions, nor is it
known whether there is a defect in the generation/re-
lease of IPGs (measured by altered bioactivity) in in-
sulin resistant states in response to physiologic in-
creases in plasma insulin. The purpose of the present
study was to determine the effects of glucose inges-
tion on the bioactivity of IPG-like substances isolated
from serum of healthy and insulin resistant subjects.

Subjects, materials and methods

Subjects and patients. Six healthy men (HM) and 7 insulin re-
sistant, obese, diabetic (NIDDM) men (IRM) were studied.
Because one aim of this investigation was to study the role
of insulin resistance in IPG metabolism, we used obese,
NIDDM patients since they are markedly insulin resistant
and represent a significant proportion of insulin resistant hu-
mans (this issue is further addressed in the Discussion). Phys-
ical characteristics are presented in Table 1. Mean duration of
diabetes was 6 years (range 2–10). One diabetic patient was
treated with diet alone. The other 6 were treated with glib-
enclamide; of these, 2 were also treated with metformin, 1
with insulin (s. c., NPH), and 1 with a tricyclic antidepressant
(amitryptyline). Subjects were instructed to abstain from all
medication during the 48-h prior to study. The study protocol
was reviewed and approved by the ethics committee of Karol-
inska Hospital, and informed written consent was given by all
participants.

Protocol. Subjects reported to the laboratory in the morning
after an overnight fast, and assumed a semi-reclined position.
A small plastic catheter was inserted into an antecubital vein
for blood sampling. Subjects ingested 75 g of glucose in

375 ml of water. Blood samples were drawn before and up to
4 h after glucose ingestion.

Analytical. Isotopes ([32P]-ATP, [1-14C]-pyruvate) were pur-
chased from Amersham International (Amersham, Bucks,
UK). Anion exchange resin (AG 1-X8, formate form) was pur-
chased from Bio-Rad (Stockholm, Sweden). Purified PKA
(P4890) and histone IIA (H9250) were purchased from Sigma
Chemical Co. (St. Louis, MO., USA). All other chemicals
were purchased from either Sigma or Boehringer Mannheim
Scandinavia (Bromma, Sweden).

IPG-like substances (IPGs) were isolated from serum es-
sentially as previously described [8, 9]. Briefly, 1 ml serum (or
distilled water for blank) was mixed with 3 ml of extraction so-
lution containing formic acid, 2-mercaptoethanol and EDTA
(final concentrations 50, 1 and 1 mmol/l, respectively). The
samples were heated at 100 °C for 5 min and cooled on ice.
Thereafter 20 mg of charcoal was added, and 10 min later the
samples were centrifuged (40000 × g, 30 min). The superna-
tants were neutralized with NH4OH to pH 6.0, and centrifuga-
tion repeated. Anion exchange resin (1.6 ml) was added to
each supernatant. The slurry of resin and supernatant was
kept on ice for approximately 20 h with occasional agitation,
then poured into a column and eluted stepwise with 3 bed vol-
umes of distilled water, 5 bed volumes of HCl pH 2.0
(10 mmol/l) and 5 bed volumes of HCl pH 1.3 (50 mmol/l).
The pH 1.3 eluate was neutralized with NH4OH to pH 4.0.
The pH 1.3 and 2.0 eluates were frozen, lyophilized twice and
finally reconstituted with 200 m of distilled water. The pH 2.0
fraction activates PDH [9] and will hereupon be referred to as
the pH 2.0 IPG. The pH 1.3 fraction inhibits PKA [9] and will
hereupon be referred to as the pH 1.3 IPG. Satisfactory separa-
tion of the two IPGs was demonstrated by showing that the pH
1.3 IPG did not activate PDH, and that the pH 2.0 IPG did not
inhibit PKA (data not shown). PKA inhibition by the pH 1.3
IPG and PDH activation by the pH 2.0 IPG were concentra-
tion dependent (Fig. 1).

The PDH activating fraction has been shown also to con-
tain an inhibitor of PDH [10, 11]. The two separate activities
are resolvable by ethanol treatment, the activator being etha-
nol insoluble and the inhibitor being ethanol soluble [10].
Therefore, 100 ml aliquots of the pH 2.0 IPG were lyophilized,
and extracted twice with 1 ml absolute ethanol. The ethanol
soluble and insoluble fractions were dried under a stream of
N2 and reconstituted in 100 ml distilled water. The ethanol in-
soluble fraction resulted in significantly higher PDH activity
than the water fraction (Fig. 1, middle). The ethanol soluble
fraction contained a compound that inhibited PDH, and this
inhibition was concentration dependent (Fig. 3, bottom). Con-
sequently, the ethanol soluble and insoluble fractions were
used to measure bioactivity of the pH 2.0 eluate.

Soluble PDH complex, which contains PDH, as well as PDH
kinase and phosphatase, was isolated from pig heart as de-
scribed elsewhere [12], and was kindly provided by Dr. D.
Priestman. For analysis of the bioactivity of the PDH activator,
methods previously described were used [9, 13] with some mod-
ifications. Ten 10 ml of PDH complex (diluted in 2 % rat serum,
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Table 1. Subject characteristics

Age
(years)

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

Glycated Hb
(% of total Hb)

Healthy men 52.3 ± 2.6 185.0 ± 2.1 80.8 ± 0.9 23.9 ± 0.8 3.3 ± 0.1
Insulin resistant men 59.6 ± 1.8 185.3 ± 2.9 100.3 ± 5.7a 29.1 ± 1.3b 6.8 ± 0.7c

Values are means ± SEM for n = 6 healthy men or 7 for insulin resistant men
ap < 0.05, bp < 0.01, cp < 0.001 vs healthy men by unpaired t-test



2.5 mmol/l EDTA, 5 mmol/l dithiothreitol (DTT), 0.1 mmol/l
Na-p-tosyl-L-lysine chloromethyl ketone (TLCK), 2 % trypsin
inhibitor, 2 % trasylol, 0.2 mmol/l KCl, 0.5 % triton X-100 and
50 mmol/l 4-(2-hydroxyethyl)-1-piperazineethane sulphonic
acid, pH 7.5) were incubated with 20 ml of diluted mediator
(equivalent to 0.5 ml of stock), or blank, and 50 ml of a buffer
consisting of 40 mmol/l potassium phosphate, 2 mmol/l DTT,
0.2 mmol/l CoA, 0.2 mmol/l thiamine pyrophosphate (TPP),
1 mmol/l NAD + , and 2 mg/ml bovine serum albumin, pH 7.4
in an uncapped 1.5 ml eppendorf tube for 10 min at 37 °C.
Thereafter, 20 ml of a mixture of pyruvate (5 mmol/l, specific ac-
tivity 0.6 mCi/mmol) and KF (500 mmol/l) was added (final vol-
ume 100 ml), and the vial was immediately transferred to a 20 ml
glass scintillation vial containing 1 ml of 1.2 N KOH. The vial
was immediately closed with a perforated cap and a rubber blad-
der. After 20 min at 37 °C, the PDH reaction was stopped by in-
jecting 100 ml of 15 % trichloracetic acid through the rubber
bladder into the incubation mixture. After an additional 2 h at
37 °C, the vials were opened, the eppendorf tubes were dis-
carded, and 10 ml of scintillation cocktail (Ultima Gold; Pack-
ard, Meriden, CT, USA) was added and mixed with the KOH
containing the trapped 14CO2, and subsequently counted. To
study the bioactivity of the PDH inhibitor, the same procedure
as above was used, except that the mediator volume was equiva-
lent to 2 ml of stock and CaCl2 (final concentration in 100 ml =
50 mmol/l) and MgCl2 (final concentration in 100 ml = 10 mmol/
l) were added during the preincubation step. This increased
PDH activity and facilitated detection of the inhibitor [10].

Bioactivity of the pH 1.3 IPG was determined by following
PKA-dependent incorporation of 32P from radioactive ATP
into histone essentially as described earlier [1], with slight
modifications. Mediator (20 ml) (equivalent to 10 ml of stock)
or blank was preincubated with 60 ml of a buffer consisting of
20 mmol/l MgCl2, 2 mmol/l cyclic AMP, 0.6 mmol/l ATP (spe-
cific activity ≅ 3 mCi/mmol), 1 mg/ml histone, 200 mmol/l 2-
[N-morpholino]ethanesulfonic acid (MES), pH 7.0. (PKA ac-
tivity in the absence of cyclic AMP amounted to 20–40 % of
the activity in the presence of cylic AMP.) The reaction was
started by addition of 20 ml PKA. Incubation was at 35 °C for
10 min, and the reaction was stopped by spotting 75 ml of the
incubation mixture on 3 MM paper squares (Whatman, Maid-
stone, England). The papers were then washed in 10 % TCA
(10 min), 5 % TCA (2 × 5 min) and 95 % ethanol (5 min), dried
and counted. All mediator assays were performed in duplicate.

To obtain further information on the components of the
isolated bioactive fractions, nitrous acid exposure experiments
were performed. Exposure of IPGs to nitrous acid results in
deamination of non-N-acetylated hexosamines, with subse-
quent cleavage of adjacent glycosidic bonds (releasing inosi-
tol) and loss of bioactivity [3, 4, 6]. Freeze-dried samples were
reconstituted with 50 mmol/l sodium acetate, pH 3.5 ± sodium
nitrite (NaNO2) and incubated at 37 °C for 5 h. The samples
were neutralized to pH 6, freeze-dried, reconstituted with wa-
ter and assayed. NaNO2 inhibited bioactivity of the PDH acti-
vating fraction by approximately 50 % and the PKA inhibiting
fraction by approximately 65 %, while not affecting the activity
of the blanks (data not shown). Taken together, the presence of
bioactivity after the isolation procedures used, and the signifi-
cant loss of bioactivity after nitrous acid treatment, suggest
that the bioactive fractions contained IPGs.

Plasma glucose was measured with the glucose oxidase
technique using a glucose analyser (Beckman Instruments,
Fullerton, Calif., USA). Free insulin [14] and C-peptide (Kit
RB-315; Milab, Malmö, Sweden) were determined by radioim-
munoassay. Glycated haemoglobin was determined by ion ex-
change chromatography [15].

Statistical analysis. Results within groups were analysed with
either the paired t-test or a one-way repeated measures analy-
sis of variance (ANOVA) where appropriate. When the ANO-
VA resulted in a significant F-ratio (p < 0.05), the location of
significance was determined with the Newman-Keuls test. Dif-
ferences between groups were determined with the unpaired t-
test. Values are presented as means ± SEM, unless otherwise
indicated.

Results

Glucose ingestion resulted in a small rise in plasma
glucose in HM and a larger rise in IRM (Table 2).
Peak insulin values were observed at 30 min after glu-
cose ingestion in HM followed by a continuous de-
cline, while the peak in IRM occurred later and re-
mained elevated up to 240 min after glucose ingestion.
The large variability in plasma insulin at 30 min post-
glucose ingestion in HM was due to a large increase
in insulin in one subject (744 pmol/l). The similar C-
peptide values at 120 min after glucose ingestion in
both groups suggest that the integrated insulin secre-
tion in both groups was similar after glucose ingestion.
Plasma insulin was significantly higher in IRM than in
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Fig. 1. Concentration dependency of inositol phosphoglycans
(IPG) bioactivity in vitro. Values are from a representative ex-
periment performed in duplicate (top) or means ± SEM for
n = 5 (middle) and n = 3 (bottom). Top, protein kinase (PKA)
inhibition by pH 1.3 IPG; middle, PDH activation by pH 2.0
IPG from ethanol untreated fractions (X) and ethanol insolu-
ble fractions (2 09); bottom, pyruvate dehydrogenase (PDH)
inhibition by pH 2.0 ethanol soluble fractions. IPG volumes
are stock volumes per 100 ml total volume assayed. In middle
panel open symbols are significantly higher than solid symbols
at sample volumes of 2–20 ml (p < 0.01 by paired t-test)



HM at 0 (p < 0.01) and 240 min (p < 0.05 by unpaired t-
test), but not significantly different at the other times.
The changes in plasma glucose and insulin values after
glucose ingestion in the obese diabetic patients sug-
gest that these patients were severely insulin resistant.

There were no changes in the bioactivity of the pH
1.3 IPG in either group after glucose ingestion, nor
were there any differences in bioactivity between
groups in the basal state (Fig. 2). In some cases, the in-
hibition of PKA by the pH 1.3 IPG (from both HM
and IRM groups) was measured also in the absence
of cyclic AMP. The pH 1.3 IPG also inhibited PKA
in the absence of cyclic AMP but, again, there was
no change in bioactivity after glucose ingestion (data
not shown). Bioactivity was also measured after addi-
tional dilution of the pH 1.3 IPG in the presence of

cyclic AMP, but still there was no change after glu-
cose ingestion (data not shown).

Preliminary experiments suggested that an in-
crease in bioactivity of the ethanol insoluble pH 2.0
IPG after glucose ingestion (vs preglucose) could be
detected at a sample volume equivalent to 0.5 ml of
stock, which corresponds to 2.5 ml of serum. There-
fore, this volume was used in analysis of the ethanol-
insoluble IPG. In HM, bioactivity of the pH 2.0 IPG
was significantly elevated at 60–240 min post-glucose
ingestion ( ∼ 120% of basal) (Fig. 3.A and B). In con-
trast, no change in bioactivity was detected in IRM
after glucose ingestion. Also there was no significant
difference in bioactivity of the pH 2.0 IPG between
groups in the basal state (Fig. 3). This was contrary
to what we expected, considering recent reports that
NIDDM patients have lower levels of d-chiro-inositol
in urine, and lower amounts of D-chiro-inositol in the
pH 2.0 IPG isolated from muscle, haemodialysate
and urine, as well as lower bioactivity of the IPG vs
control patients [8, 9]. Therefore, we repeated the
analyses of the samples obtained in the basal state
(all in the same run) using more concentrated sam-
ples (equivalent to 2 ml of stock IPG). However,
again, no significant difference was noted (blank =
0.6 nmol ⋅ mg protein–1 ⋅ min–1; HM = 3.1 ± 0.3;
IRM = 2.3 ± 0.6, p > 0.15).

No significant changes were detected in PDH in-
hibiting activity in either group after glucose ingestion
(Fig. 4). There was no significant difference in PDH
inhibiting bioactivity between groups in the basal
state (Fig. 4). Galasko et al. [16, 17] recently character-
ized an IPG isolated from plasma of NIDDM patients
that inhibited PDH phosphatase to a greater extent
than did IPG isolated from control plasma. We there-
fore repeated the analysis of the samples obtained in
the basal state (all in the same run) using more con-
centrated samples (equivalent to 10 ml of stock).
Again, there was no significant difference between
groups (data not shown). Our PDH complex inhibitor
has not been characterized, and has been isolated by
procedures different from those employed by Galasko
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Table 2. Effects of glucose ingestion on plasma glucose and hormone concentrations

Time after glucose ingestion (min)

0 30 60 120 240

Glucose (mmol/l)
Healthy men 5.3 ± 0.1 8.6 ± 0.4c 7.3 ± 0.5b 5.8 ± 0.7 4.3 ± 0.3
Insulin resistant men 12.4 ± 1.1 17.3 ± 1.3c 20.1 ± 1.0c 21.9 ± 1.2c 14.8 ± 1.5a

Insulin (pmol/l)
Healthy men 31 ± 3 273 ± 98b 200 ± 32a 146 ± 35 28 ± 5
Insulin resistant men 77 ± 12 145 ± 27 188 ± 55b 196 ± 50b 124 ± 32

C-peptide (nmol/l)
Healthy men 0.76 ± 0.12 – – 1.59 ± 0.14b –
Insulin resistant men 1.00 ± 0.12 – – 1.95 ± 0.31a –

Values are means ± SEM for n = 6 (healthy men) or 7 (insulin resistant men)
a p < 0.05, b p < 0.01, c p < 0.001 vs 0 min in corresponding group by ANOVA followed by Newman-Keuls test
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Fig. 2. Effects of glucose ingestion on bioactivity of pH 1.3
inositol phosphoglycans (IPG). Values are means ± SEM and
are expressed as a percentage of the blank. k, healthy men
(HM); U, insulin-resistant men (IRM). There was no signifi-
cant change in bioactivity in either group after glucose inges-
tion (p > 0.05 by ANOVA). Protein kinase activity (PKA) at
0 min was 0.40 ± 0.04 nmol ⋅ mg protein–1 ⋅ min–1 for HM and
0.43 ± 0.04 for IRM (p > 0.05 by unpaired t-test); blank = 0.72
nmol ⋅ mg protein–1 ⋅ min–1



et al. [16, 17]. Therefore, a direct comparison between
studies is currently not possible.

Discussion

A major finding in the present study is that only one of
the measured IPGs, the pH 2.0 PDH activator, in-
creased after glucose ingestion in HM. The increase
was detected only after plasma insulin increased, sug-
gesting that the hormone was the primary variable
that promoted the generation/release of the pH 2.0
PDH activator. It is conceivable that other growth fac-
tors, which have been shown to release IPGs from iso-
lated cells [4], could have increased in concentration

after glucose ingestion, and thereby be responsible
for the increase in the pH 2.0 PDH activator. How-
ever, we are not aware of any studies that have dem-
onstrated an increase in free insulin-like growth fac-
tor-I (IGF-I), epidermal growth factor or nerve
growth factor (all of which apparently release IPGs
from isolated cells [4]) after glucose ingestion. On
the other hand, glucose ingestion results in decreases
in serum concentrations of IGF binding protein-1,
which binds IGF-I [18, 19]. A decrease in IGF binding
protein-1 should result in an increase in the free con-
centration of IGF-I. However, the decrease in serum
IGF binding protein-1 begins at 90–120 min after glu-
cose ingestion [18, 19], whereas the peak increase in
the pH 2.0 PDH activator occurs between 30–60 min
after glucose ingestion (Fig. 3). It is thus unlikely that
the initial increase in the pH 2.0 PDH activator is due
to increases in serum levels of free IGF-1.

Consistent with our suggestion that the increase in
plasma insulin is the factor primarily responsible for
the changes in the pH 2.0 PDH activator in the pre-
sent study is the finding that the bioactivity of the
pH 2.0 IPG isolated from skeletal muscle [8] and se-
rum (Shashkin et al., unpublished observations) of
healthy humans increased during euglycaemic hyper-
insulinaemia. Moreover, half-maximal release of the
PDH activator from isolated rat liver plasma mem-
branes occurs at an insulin concentration of 20 mU/
ml [11], which is within the range of the increases ob-
served in plasma insulin in the present study.

The increases in serum PDH activator observed in
the present study (expressed as a percent of basal) are
virtually identical to those reported previously in a
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Fig. 3A, B. Effects of glucose ingestion on bioactivity of pH 2.0
ethanol insoluble inositol phosphoglycans (IPG). Values are
means ± SEM and are expressed as a percentage of the blank
(A) and a percentage of the value at 0 min ( = 100 %) (B).k,
healthy men (HM); U, insulin resistant men (IRM). There
was no significant change in bioactivity in IRM after glucose
ingestion (p > 0.05 by ANOVA). PDH activity at 0 min was
0.67 ± 0.07 nmol ⋅ mg protein–1 ⋅ min–1 for HM and 0.73 ± 0.03
for IRM (p > 0.05 by unpaired t-test); blank = 0.55 nmol ⋅ mg
protein–1 ⋅ min–1. *p < 0.05 vs 0 min in corresponding group by
ANOVA followed by Newman-Keuls test
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Fig. 4. Effects of glucose ingestion on bioactivity of pH 2.0 eth-
anol soluble fraction. Values are means ± SEM and are ex-
pressed as a percentage of the blank. k, healthy men (HM);
U, insulin resistant men (IRM). There was no significant
change in bioactivity in either group after glucose ingestion
(p > 0.05 by ANOVA). Pyruvate dehydrogenase (PDH) activ-
ity at 0 min was 3.3 ± 0.1 nmol ⋅ mg protein–1 ⋅ min–1 for IRM
and 3.6 ± 0.1 for HM; blank = 4.0 nmol ⋅ mg protein–1 ⋅ min–1



group of healthy young subjects after glucose inges-
tion [20]. In addition, we now show that the bioactivi-
ties of the other measured fractions did not change
after glucose ingestion. These results, together with
the findings that purified IPGs (pH 1.3 and 2.0) stim-
ulate peripheral glucose utilization in rats [7], suggest
that of the IPGs measured, the pH 2.0 PDH activator
is most important in mediating insulin’s effect on pe-
ripheral glucose utilization under physiological con-
ditions in man.

Another important finding was the lack of change
in the pH 2.0 PDH activator after glucose ingestion
in IRM. To our knowledge, this is the first report of
a defective change in the bioactivity of an insulin me-
diator isolated from insulin resistant humans after hy-
perinsulinaemia. The lack of increase in the pH 2.0
PDH activator in IRM is consistent with the observa-
tion that euglycaemic hyperinsulinaemia failed to in-
crease the d-chiro-inositol content of the pH 2.0 IPG
isolated from muscle biopsies of patients with
NIDDM [8]. Thus, inadequate availability of precur-
sor (d-chiro-inositol) in insulin sensitive tissues may
explain the lack of increase in the PDH activator af-
ter glucose ingestion in the IRM group.

Since the IRM subjects were insulin resistant, dia-
betic and obese, it is not clear which factor was re-
sponsible for the lack of increase in the serum PDH
activator after glucose ingestion. In this regard it is
noteworthy that adipocytes isolated from the geneti-
cally inbred insulin resistant Goto-Kakizaki rat, a
model of non-obese NIDDM, which has a low rate
of urinary chiro-inositol excretion, did not release
IPGs in response to insulin, whereas adipocytes from
control rats did release IPGs in response to insulin
[21]. Moreover, four different states of insulin resis-
tance, i. e. glucocorticoid treatment, streptozotocin-
induced diabetes, aging and genetic obesity, are asso-
ciated with similar defects in the ability of insulin to
elicit the release of IPGs from isolated hepatocytes
[22]. This suggests that insulin resistance, rather than
diabetes or obesity, is the factor primarily responsible
for the lack of increase in the serum PDH activator
after glucose ingestion in the IRM group.

Larner and co-workers [8, 9] have shown that pa-
tients with NIDDM have low levels of d-chiro-inosi-
tol in urine, and smaller amounts of d-chiro-inositol
have been recovered from the pH 2.0 IPG isolated
from various body fluids. Moreover, bioactivity of
the pH 2.0 IPG isolated from haemodialysate, urine
and muscle from NIDDM patients was attenuated vs
control [9]. On the other hand, Ostlund et al. [23]
showed that patients with NIDDM, as well as in-
sulin-dependent diabetes IDDM, excreted substan-
tially more d-chiro-inositol in urine than obese non-
diabetic patients (control group), while plasma d-
chiro-inositol levels were similar among the three
groups. The possibility exists, however, that the obese
non-diabetic patients were insulin resistant [24], and

therefore were not appropriate control subjects. The
present results show no significant differences in bio-
activity of the pH 2.0 PDH activator between groups
in the basal state. The reason(s) for the seemingly dif-
ferent results is unclear. Perhaps differences in the se-
verity of the diabetic state between the diabetic pa-
tients in the study of Asplin et al. [9] and those in the
present study can explain the different findings on
bioactivity. Unfortunately, information on metabolic
control (e.g. glycaemia, glycated haemoglobin) in
the study of Asplin et al. [9] was not reported.

It should be noted that increases in serum IPGs af-
ter hyperinsulinaemia probably do not reflect and are
not proportional to changes in the intracellular IPG
content (e.g. in muscle). IPGs are considered to be an-
chored to the outside of the plasma membrane of cells
[3, 4]. After insulin administration, the IPGs are rap-
idly released into the extracellular space and trans-
ported into the cell [25], where they mediate at least
some of insulin’s actions [4]. The cellular IPG content
increases rapidly but only transiently [8]. It is there-
fore likely that the increased and sustained levels of
the pH 2.0 IPG in HM serum are a consequence of an
initial, rapid release from insulin sensitive tissues, cou-
pled with a slow removal from the extracellular space.

An interesting observation was that glucose inges-
tion did not alter the bioactivity of the pH 1.3 IPG.
High concentrations of insulin increase bioactivity of
the pH 1.3 IPG as well as the myo-inositol content of
the IPG isolated from skeletal muscle [1, 8] and liver
[26]. The lack of increase in the serum pH 1.3 IPG in
the present study could thus be due to an insufficient
increase in the extracellular insulin concentration,
suggesting differential sensitivities of different IPG
generating/releasing systems to insulin. Earlier it was
shown in rat liver particulate fractions that the PDH
activator increased in the presence of a low concen-
tration of insulin while the adenylate cyclase inhibitor
did not change at the same insulin concentration [10].
These findings support the idea of differential sensi-
tivities of different IPGs to insulin.

In conclusion, glucose ingestion increases the bio-
activity of the pH 2.0 PDH activator, but not the pH
1.3 IPG, suggesting that the pH 2.0 PDH activator
plays an important role in mediating insulin’s effect
on peripheral glucose utilization under physiological
conditions in man. Because no changes in IPGs were
observed in IRM, the results suggest that inadequate
generation/release of IPGs is associated with insulin
resistance in man.
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