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Abstract

Background: Obese women with polycystic ovary syndrome (PCOS) manifest impaired insulin-stimulated
release of a D-chiro-inositol-containing inositolphosphoglycan (DCI-IPG) insulin mediator during oral glucose
tolerance testing (OGTT), which appears to be restored by the administration of metformin. This suggests that
either obesity or PCOS is associated with a defect in the coupling of the stimulation of the insulin receptor by
insulin to the release of the DCI-IPG mediator. The objective of this study was to compare the release of bioac-
tive DCI-IPG between normal nonobese women and obese PCOS women during stimulation with two different
concentrations of insulin when glucose levels are clamped.

Methods: We performed a cross-sectional case—control study at the clinical research center of an academic med-
ical center. A two-step euglycemic-hyperinsulinemic clamp was carried out in 8 nonobese normal and 8 obese
PCOS women, during which DCI-IPG bioactivity was monitored.

Results: At baseline, PCOS women were significantly more obese, hyperinsulinemic, and insulin resistant than
the controls. During the clamp studies, DCI-IPG bioactivity increased significantly over the first 45 min of the
low-insulin step of the clamp in normal nonobese women (P = 0.046) and then decreased to baseline levels; DCI-
IPG increased again after initiation of the high-insulin step (P = 0.029). Despite higher insulin levels during the
clamp in PCOS women, DCI-IPG bioactivity remained flat throughout both insulin steps and was thus signifi-
cantly lower than in controls during the initial periods of both steps.

Conclusions: The coupling between insulin action and the release of the DCI-IPG mediator is selectively
impaired in obese PCOS women, which may contribute to the insulin resistance in these women.

Introduction . : s .
role in the pathophysiology of this disorder.3>-# Reduction

OLYCYSTIC OVARY SYNDROME (PCOS) is the most common

form of anovulatory infertility in the United States, affect-
ing 6%-10% of women of reproductive age.”> Most women
with PCOS are obese and are recognized to have hyperinsu-
linemic insulin resistance related both to their obesity and
to a form of insulin resistance intrinsic to the syndrome.
Insulin resistance places these women at increased risk
for the development of cancer, hypertension, dyslipidemia,
impaired glucose tolerance or type 2 diabetes, and cardio-
vascular disease.’* Furthermore, insulin resistance and/
or compensatory hyperinsulinemia appear to play a key

of insulin or insulin resistance with acarbose, diazoxide,
weight loss, or insulin-sensitizing drugs improves ovula-
tory frequency’™ corrects oligomenorrhea, and reduces
hyperandrogenism'-"” and hirsutism'® in PCOS. However,
the subcellular mechanisms underlying the insulin resis-
tance in this disorder are unclear.

The inositol phosphoglycans (IPGs) are putative media-
tors in a nonclassical insulin signaling cascade for glucose
uptake and use. In vitro, D-chiro-inositol (DCI)-containing
IPGs (DCI-IPGs) have been shown to stimulate pyruvate
dehydrogenase and activate glycogen synthase activities in
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muscle and adipose tissue, similar to the effects of insulin.’’
DClI-containing glycosylphosphatidylinositols are bound to
the extracellular matrix of cells and then cleaved by phos-
pholipase Cy,, % after which the DCI-IPG mediator can be
actively transported intracellularly.?* Insulin’s binding to the
insulin receptor has been shown to stimulate IPG release
from the extracellular matrix via G-protein activation of
phospholipase C.%? In this manner, insulin’s action is cou-
pled to DCI-IPG medjiator activity.”

Insulin-resistant and hyperinsulinemic women with or
without PCOS display increased urinary clearance of DCI
(uClp)) and decreased insulin-stimulated release of DCI-IPG
during an oral glucose tolerance test (OGTT), as compared
to control women,”? and the higher uCly, correlates with
insulin resistance and hyperinsulinemia.?””® Furthermore,
our group®3 and others® have also demonstrated that oral
supplementation with DCI to women with PCOS enhances
insulin sensitivity and improves clinical features of the syn-
drome. Collectively, these studies support the concept that
depletion of circulating DCI due to increased renal clear-
ance, or other factors, is associated with hyperinsulinemia
and insulin resistance, and that supplementation with DCI
can improve these anomalies in women with PCOS.

However, it is unclear whether obese women with PCOS
are simply deficient in DCI and DCI-IPG or whether some
women may also display defective coupling of DCI-IPG
to insulin, resulting in relative inactivity of this pathway
in response to insulin. This latter possibility is supported
by evidence that administration of metformin to obese
PCOS women enhances insulin-stimulated release of DCI-
IPG during an OGTT.*> Thus, we hypothesized that obese
women with PCOS are insulin resistant in part due to defec-
tive coupling between insulin action and release of the DCI-
IPG mediator. To test this hypothesis, insulin secretion was
suppressed by administration of diazoxide and then insulin
was exogenously administered in a dose-dependent manner
via a two-step euglycemic-hyperinsulinemic clamp, during
which insulin-mediated release of bioactive DCI-IPG was
determined both in obese PCOS women and nonobese nor-
mal women.

Materials and Methods
Subjects

We performed a cross-sectional case—control study
involving obese [body mass index (BMI) >30 kg/m?] women
with PCOS and nonobese (BMI <30 kg/m? normal women
between the ages of 18-40 years old. We chose nonobese
normal women as the control group, because either obesity,
PCOS itself, or the combination of the two factors could be
responsible for the proposed coupling defect.

PCOS was defined using consensus criteria devel-
oped at the National Institute of Child Health and Human
Development (NICHD) 1990 consensus conference on
PCOS,**3 which are in agreement with the 2003 Rotterdam
conference’s diagnostic criteria®**: (1) presence of oligom-
enorreha as defined as eight or fewer menstrual periods in
the last year; and (2) presence of hyperandrogenism (acne,
hirsutism, or elevated plasma-free testosterone concentra-
tion). Hyperprolactinemia, thyroid dysfunction, and late-
onset adrenal hyperplasia were excluded by the appropriate
tests.
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Normal women had regular menstrual cycles, absence of
acne and hirsutism, and normal androgen levels. None of the
women took oral contraceptives or any medication known to
affect insulin sensitivity for at least 3 months prior to study.
Women with type 2 diabetes mellitus (T2DM) were excluded
as determined by OGTT, butimpaired glucose tolerance (IGT)
was not an exclusion criterion because of the high prevalence
of IGT in obese PCOS women. The study was approved by
the institutional review board of Virginia Commonwealth
University, and each woman gave written informed consent.

Study protocol

All women entered the study during the equivalent of the
follicular phase of the menstrual cycle, as documented by a
plasma progesterone concentration =6.5 nmol/L (2 ng/mL)
24 h prior to the start of the study. On day 1, the women
came to the General Clinical Research Center (GCRC) after
a 12-h overnight fast, where their weight, height, waist cir-
cumference, and supine blood pressure were measured and
a history and physical exam were performed. Blood samples
were taken at 0820 h, 0830 h, and 0845 h, and equal volumes
of the plasma pooled for measurement of fasting insulin,
glucose, total testosterone, and sex hormone-binding glob-
ulin (SHBG) concentrations. At 0845 h, each woman con-
sumed 75 grams of oral glucose solution, and blood samples
were drawn every 15 min for 120 min for the determination
of plasma glucose and insulin. From the OGTT, the Matsuda
insulin sensitivity index (ISIogrr = square root [10,000/(glu-
cose, X insulin, X mean glucose during OGTT X mean
insulin during OGTT)]),* the insulinogenic index at 15 min
(IGIL;5 = [insulin;; — insuling]/[glucose;s — glucose]),*® and
the disposition index (DI = ISIygrr X IGI;5) were calculated.
Subjects were given instructions to self-administer diazox-
ide 100 mg three times daily for 5 days. Diazoxide is a drug
that inhibits insulin secretion by the pancreatic B-cell and
is used clinically for the treatment of hyperinsulinism due
to nesidioblastosis; diazoxide is not known to directly affect
insulin sensitivity.

On day 5, while patients were still taking diazoxide and
after 12-h overnight fasting, patients were readmitted to the
GCRC for a two-step insulin-glucose clamp study, which was
conducted according to the technique described by Ferranini
et al.¥ using sequential insulin infusion rates of 0.4 and 1.0
mU/kg per min. Each infusion rate was continued for 3 h to
establish steady-state dynamics and to ensure adequate time
to measure a dose-response increase in DCI-IPG mediator
activity. An intravenous catheter was placed into a forearm
vein for the infusion of insulin and 20% dextrose supple-
mented with 20 mM postassium phosphate. Another catheter
was placed in retrograde fashion into a vein of the contra-
lateral hand, which was placed in a plexiglass box heated to
60°C to obtain arterialized venous blood samples. The total
infusion time was 6 h. Blood samples were obtained every 15
min for the first 2 h of each step, and then every 30 min for
the following hour of each step, for measurement of plasma
insulin, glucose, and DCI-IPG mediator activity. Euglycemia
was maintained by a variable infusion of glucose based on
bedside plasma glucose measurements performed every 5
min, using the YSI Glucose Analyzer. Of note, it was not pos-
sible to calculate insulin-mediated glucose disposal, that is,
the insulin sensitivity index derived from the clamp, because
glucose infusion rates were not available in this study.



INSULIN AND DCI-IPG RELEASE UNCOUPLING IN OBESE PCOS

Laboratory assays

Blood samples were centrifuged immediately, and
plasma was stored at —70°C until assayed. All hormones
were assayed as previously described,?* except for plasma
total testosterone, which was determined using an enzy-
matic immunoassay (Diagnostic Systems Laboratories Inc.,
Webster, TX). Blood glucose and insulin levels were deter-
mined by the corelaboratory of the General Clinical Research
Center of the Virginia Commonwealth University Health
System. All other analytes were assayed in Dr. Nestler’s lab-
oratory at Virginia Commonwealth University. Plasma-free
testosterone was calculated by the method of Sodergard
et al.** using an albumin concentration of 40 g/L. To avoid
interassay variation, all samples were analyzed in duplicate
in a single assay for each hormone. The intraassay coefficient
of variation for the insulin assay was 5.5%, and this value
was less than 10% for all steroid hormone assays.

DCI-IP insulin mediator bioactivity assay

Blood samples were centrifuged immediately, and sera
were stored at —70°C until processed. DCI-IPG mediator
was isolated from plasma as previously described.* To date,
it has not been possible to measure the content of extracted
DCI-IPG because its structure and exact mass are unknown,
and no specific antibody suitable for an immunoassay has
been developed. Therefore, DCI-IPG mediator bioactivity
was determined using the specific activation of pyruvate
dehydrogenase (PDH) phosphatase, as previously validated
in women with PCOS and described in detail elsewhere.?
The interassay coefficient of variation of the bioassay was
17.4%. Intraassay coefficients of variation of the entire method
(extraction and assay) were 10.7% and 8.5% for the absolute
values of basal and peak DCI-IPG bioactivity, respectively.

To adjust for variation in basal PDH activity from one
assay to the other, and therefore from subject to subject, the
water-blank activity was subtracted from the bioactivity of
DCI-IPG released into plasma during the clamp, which was
then expressed as the percentage of its bioactivity at baseline
(0 min).

Statistical analyses

Results not normally distributed were log-transformed
for all statistical analyses and reported back-transformed
in their original units. Normally distributed data were
reported as means with standard error of the mean and log-
transformed data, as geometric means with 95% confidence
interval (CI). The response of glucose and insulin after the
oral administration of glucose were analyzed by calculating
the areas under the corresponding response curves (AUC)
by the trapezoidal rules using absolute values. Results of
the clamp studies were analyzed separately for baseline,
and for low-dose and high-dose insulin steps. Each step was
divided into three time periods: early periods (>0 to =45
min and >180 to =225 min), median periods (>45 to =90
min and >225 to =270 min), and late periods ( >90 to <180
min and >270 to =360 min). AUCs of DCI-IPG bioactivity
were calculated for each time period and corrected for the
duration of each period by dividing the AUC by the peri-
od’s duration. Of note, 4 subjects had too many glucose data
unavailable during the clamp and were excluded from the
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analyses of glucose during the clamp. Similarly, 1 subject
had too many insulin data unavailable during the clamp and
was excluded from the analyses of insulin during the clamp.
This was due to poor sample quality or assay difficulties and
explains why numbers of subjects are different in Figs. 1 and
2 (below). Complete data were available for DCI-IPG.

Variable comparisons between groups were made by
unpaired t-tests, and comparisons between baseline and
each time period of the clamp within one group were per-
formed using paired t-tests. All unpaired and paired com-
parisons were also tested with nonparametrical Wilcoxon
tests, which resulted in very similar P values and are there-
fore not reported. Correlation analyses were performed
using Spearman nonparametric correlation tests. P values
less than or equal to 0.05 were considered significant. All
analyses were performed using JMP® 7.0 software (SAS
Institute, Cary, NC).

Results
Initial clinical and biochemical characteristics

A total of 8 obese women with PCOS and 8 nonobese con-
trol normal women completed the study (Table 1). Women
with PCOS did not differ significantly from normal control
women with respect to age, systolic blood pressure (SBP),
and diastolic blood pressure (DBP). By design, their BMI
was significantly higher (P = 0.002). Calculated free testos-
terone levels were increased by 72% in obese women with
PCOS as compared to control women, but this difference did
not attain statistical significance (P = 0.26). However, SHBG
levels were significantly lower in obese women with PCOS
compared with controls (P = 0.03).

Obese women with PCOS displayed inferior glucose tol-
erance as manifested by an increase in the proportion of IGT
subjects (P = 0.32) and a higher mean AUC,o. (P = 0.07),
but these trends were not significant. Insulin levels during
fasting and the OGTT were both increased by more than
3.5-fold in obese women with PCOS compared to normal
women (P = 0.003 and 0.002, respectively). Obese PCOS
women were also characterized by a greater than 4-fold
decrease in their insulin sensitivity (measured by ISIy¢rp) as
compared with the normal women (P = 0.002). The index
of insulin secretion, IGl;;, was increased by 70% in obese
women with PCOS, but this was not significant (P = 0.16).
Finally, the DI was significantly reduced by half in obese
PCOS women (P = 0.05). This index estimates the ability of
the pancreas to compensate for the degree of insulin resis-
tance, and a lower value suggests that pancreatic 3-cell func-
tion is impaired.

Glucose and insulin levels during clamp studies

After 5 days of diazoxide administration, baseline fasting
glucose levels were higher in obese PCOS women as com-
pared to nonobese normal women (P = 0.056). Thus, glucose
levels were allowed to decrease slightly from baseline in the
obese PCOS group so that they might match the glucose lev-
els in the control group. As shown in Fig. 1, glucose levels
were kept relatively stable and very similar in both groups
throughout the two steps of the clamp studies. Accordingly,
there was no significant difference in mean glucose concen-
trations between groups for either period. As noted in the
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TaBLE 1. CLINICAL AND LABORATORY CHARACTERISTICS BEFORE RESEARCH PROTOCOL

BAILLARGEON ET AL.

Obese PCOS Nomnobese controls
Characteristics women (n = 8) (n=28) P value?
Age (years) 268 £ 1.5 256 2.0 0.65
BMI (kg/m?) 36.6 + 2.3 242 +23 0.002
SBP (mmHg) 123 + 14 113 =3 0.36
DBP (mmHg) 68 =2 68 +1 0.81
Calculated free testosterone (pmol/L)>< 304 [132-700] 177 [90-350] 0.26
SHBG (nmol/L) 144 +24 337 +79 0.03
Impaired glucose tolerance (%) 37.5% 12.5% 0.57
Fasting glucose (mmol/L) 49 =02 4.6 £0.2 0.32
AUC, o5 (mmol - min/L) 896 £ 71 738 x 41 0.07
Fasting insulin (pmol/L)° 112 [51-248] 31 [20-47] 0.003
AUC, pquiin (umol - min/L)° 101 [47-217] 28 [20-41] 0.002
ISIpgrr (mmol™ - L - pmol ™ - L)® 5.0 [2.2-11.4] 21.5[13.8-334] 0.002
IGL;5 (pmol - L™ - mmol™ - L) 177 [81-388] 104 [66-162] 0.16
DI (mmol 2 - L7?) 1,247 + 279 2,510 + 496 0.05

Mean * SEM, except when specified otherwise.

To convert values for free testosterone to ng/dL, divide by 34.7; for SHBG to nug/dL, divide by 34.7; for glucose

to mg/dL, divide by 0.0556; and for insulin to uIU/mL (mIU - min/mL for AUC,,;;,), divide by 6.945.
“Two-tailed unpaired Student t-tests, except when mentioned otherwise.
*Log-transformed for analyses and results are expressed as geometrical means with 95% confidence intervals.
Free testosterone was calculated by the method of Sodergard et al. 4

dFisher exact test.

Abbreviations: BMI, body mass index; PCOS, polycystic ovary syndrome; SBP, systolic blood pressure;
DBP, diastolic blood pressure; SHBG, sex-hormone binding globulin; ISl Matsuda insulin sensitivity index
during oral glucose tolerance test (square root [10,000/[glucose, X insulin, X mean glucose during OGTT X
mean insulin during OGTT]]); IGL;, insulinogenic index at 15 minduring oral glucose tolerance test ([insulin,; —
insuling]/[glucose;s — glucose,]); DI, disposition index (ISIogrr X IGL;s).

statistical analyses section, 2 normal and 2 PCOS women
were excluded from these analyses due to missing data.
Insulinlevelsincreased significantly from baseline during
both steps in both groups. As shown in Fig. 2, insulin levels
were significantly higher than baseline during the median

period of the low-insulin step in obese PCOS women and
during the early period in normal women. However, insulin
levels were significantly higher in obese women with PCOS
compared with the normal women at baseline (P = 0.008)
and almost throughout both insulin steps (P values <0.04,
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FIG. 2. Plasma insulin levels
at baseline (fasting, after 5 days
of diazoxide) and during low-
dose and high-dose insulin steps
for normal (NL) (#) and polycys-
tic ovary syndrome (PCOS) (M)
women. Of note, 1 PCOS woman
had too many unavailable insulin
data and was excluded only for
these analyses. Data are shown as
means with standard error of the
mean (SEM). *P < 0.04 versus nor-
mal women (based on unpaired
Student t-tests). 2P = 0.04 versus
baseline within a subgroup of
PCOS or normal women (based on
paired Student t-tests).
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except P = 0.13 for the early period of the high-dose insu-
lin step, based on unpaired t-tests for each period). Finally,
insulin levels plateaued at the end of the low-insulin step in
both groups and at the end of the high-insulin step in the
normal group. As noted in the statistical analyses section,
1 PCOS woman was excluded from these analyses due to
missing data.

Plasma DCI-IPG bioactivity during clamp studies

DCI-IPG bioactivity increased rapidly and significantly
during the early period (P = 0.046) in normal women (Fig. 3),
and then decreased progressively until it no longer differed
from baseline levels. In distinct contrast, DCI-IPG bioactiv-
ity was essentially flat throughout the low-insulin step of
the clamp in obese women with PCOS. Accordingly, mean
DCI-IPG bioactivity was significantly higher in normal than
in obese PCOS women during the first 45 min (P = 0.018)
and the subsequent 45-90 min (P = 0.043) of the low-insulin
step. When assessing DCI-IPG bioactivity by periods using
AUCs, AUCpyp Was significantly higher in normal women
for the early (P = 0.019) and median (P = 0.028) periods of
the low-insulin step compared with obese PCOS women
(Fig. 4).

Regarding the high-insulin step, DCI-IPG bioactivity
increased again briskly after the further increase in the rate
of the insulin infusion in the normal group (P = 0.029 vs.
baseline), with a subsequent decrease in DCI-IPG during the
median phase (Fig. 3) and very variable results during the
late phase that tended to be elevated (P = 0.12 vs. baseline).
Conversely, DCI-IPG bioactivity in the obese PCOS group
seemed to remain flat or even decrease throughout the high-
insulin step (P = 0.12 vs. baseline for the late period). Due
to this divergence in the DCI-IPG bioactivity curves, DCI-
IPG release was again significantly higher in normal women
compared to obese PCOS women during the early (P = 0.05)
and late periods (P = 0.05) of the high-insulin step of the

clamp. Similarly, AUCp¢y.pg for the early (P = 0.035) and late
(P = 0.036) periods of the high-insulin step were increased
in normal women compared to obese PCOS women (Fig. 4).

Correlation between early DCI-IPG bioactivity during
the low-dose insulin step of clamp studies and other
study parameters

Because the early response of insulin-stimulated DCI-
IPG bioactivity differed between groups, we sought to
identify the determinants of the early release of DCI-IPG.
As shown in Table 2, fasting insulin levels, group status,
ISIogrr, BMI, and AUC,;;, were significantly associated
with such a response. However, these factors were not
independent from one another. For example, BMI was
highly associated with fasting insulin (P < 0.001), ISIpcrr
(P < 0.001), and AUC;,¢in (P < 0.001) by Spearman corre-
lation tests. Consequently, no more than one of these fac-
tors was independently associated with the acute DCI-IPG
response to insulin. The power of the study was too small
for multiple linear regression analyses, and we were unable
to determine if the difference in early response of insulin-
stimulated DCI-IPG bioactivity between groups was inde-
pendent of BMI or not.

Discussion

This study shows that, when plasma glucose is main-
tained at stable levels and plasma insulin is acutely raised
and maintained at constant levels, the circulating DCI-IPG
insulin mediator is released rapidly and briefly in normal
women. Indeed, DCI-IPG bioactivity measured in plasma
increased significantly during the initial 45-min period of
the low-dose insulin—glucose clamps, and then declined
progressively during the median and late periods. Similarly,
after a further increase in insulin dose, DCI-IPG bioactiv-
ity again increased during the ensuing 45 min in normal
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Notably and in marked contrast, this early coupling
between insulin action and DCI-IPG release was entirely
absentin obese women with PCOS, despite the fact thathigher
insulin levels were attained in the obese PCOS women than
in the controls. In contrast again to the normal women, DCI-
IPG bioactivity tended to decrease progressively through-
out the high-insulin clamp studies, falling below baseline,
suggesting an exhaustion of the ability to release DCI-IPG
in obese PCOS women after approximately 4 h of continu-
ous insulin stimulation. The release of bioactive DCI-IPG,
quantified as means or AUCs, was thus significantly lower
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in obese PCOS women compared to controls during the
early and median periods of the low-dose insulin step, as
well as during the early and late periods of the high-dose
insulin step of the hyperinsulinemic-euglycemic clamps.
Collectively, these findings strongly suggest that the ability
of insulin to induce release of the DCI-IPG mediator of insu-
lin action is defective in women with obese PCOS, which
may contribute to their insulin resistance.

Possible explanations for these findings are a deficit in
intracellular DCI, the substrate for DCI-IPG, and/or a defect
in incorporation of the substrate DCI with membrane phos-
phoglycans to generate the DCI-IPG mediator. Either sce-
nario, alone or in combination, would result in lower levels
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TABLE 2. ASSOCIATION OF SELECTED VARIABLES WITH
DCI-IPG BroacTiviTy DURING THE EARLY PERIOD OF THE
Low-INsULIN STEP (>0 TO =45 min)

Characteristics Spearman p P value®

Fasting insulin levels (before —-0.64 0.011
diazoxide administration)

Group status - 0.021

ISIpgrr (mmol - L - pmol - L) +0.58 0.023

BMI -0.56 0.025

AUC, quiin (umol - min/L) -0.56 0.031

2All tests were nonparametrical (for better comparison between
them): Spearman correlation tests for continuous and Wilcoxon
tests for dichotomous independent variables.

Abbreviations: DCI-IPG, p-chiro-inositol-containing
inositolphosphoglycan; ISI, insulin sensitivity index; OGTT, oral
glucose tolerance test; BMI, body mass index; AUC, area under
the curve.

of membrane-bound DCI-IPG mediator. Indeed, we have
reported increased urinary clearance of DCI, with resultant
decreased plasma DCI levels, in two populations of hyper-
insulinemic women with or without PCOS.#? This may
explain a deficit in circulating DCI substrate due to abnor-
mal renal handling of DCI in some women.

Decreased urinary DCI excretion relative to normal con-
trols has been reported in subjects with either impaired
glucose tolerance*' or T2DM*~* and in first-degree rela-
tives of diabetic individuals®; this may have been related to
decreased levels of circulating DCI as well. The possibility
that a deficit in circulating DCI, or its precursor myo-inositol,
isresponsible for defective insulin-stimulated release of DCI-
IPG mediator in PCOS is further supported by the findings
that oral supplementation with DCI*®=! or myo-inositol**® to
both lean and obese PCOS women improved their insulin
resistance and clinical features.

We also demonstrated that release of DCI-IPG media-
tor is impaired in response to insulin during an OGTT in
women with PCOS, along with increased urinary excretion
of DCL#% Similarly, Shashkin et al.¥ reported that the rela-
tive increase in the bioactivity of DCI-IPG during an OGTT is
abolished in obese men with T2DM as compared to healthy
men. Moreover, membrane-bound DCI-IPG in muscle biop-
sies obtained before and after euglycemic-hyperinsulinemic
clamp studies increased 6-fold in normal subjects but were
undetectable in patients with T2DM.*?

A deficiency in membrane-bound DCI-IPG may be due
not only to decreased availability of substrate (i.e., DCI) but
also to decreased activity of a cellular epimerase responsible
for conversion of myo-IPG to DCI-IPG. For instance, data in
type 2 diabetic GK rats suggest that such defective conver-
sion occurs in this rodent species.*#

Finally, defective DCI-IPG release in response to insu-
lin could be due to a qualitative (rather than quantitative)
defect in the insulin signalling mechanism that triggers
DCI-IPG mediator release from the membrane. For example,
there may be either a primary defect in the coupling of the
insulin receptor B-subunit to the G-protein or a defect in
G-protein activation of phospholipase C. Chronic hypers-
insulinemia itself could be responsible for down-regulation
of the cascade of DCI-IPG activation. For example, Sleight
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et al.®® demonstrated in normal Sprague-Dawley rat liver
that DCI-IPG activity increases in a dose-dependent manner
up to insulin concentrations of 0.6 nM, above which DCI-
IPG mediator activity rapidly declines to baseline, noninsu-
lin-stimulated levels. Insulin levels exceeding 0.6 nM were
achieved in our study during the median and late period of
the high-dose insulin step and were associated with DCI-
IPG bioactivity close to baseline in normal women (at least
for the median period) and below baseline in obese PCOS
women.

Moreover, lower early release of bioactive DCI-IPG medi-
ator was significantly associated with hyperinsulinemia in
our study (pre-diazoxide fasting insulin levels: r = —0.64, P
= 0.011). These data suggest that the chronic hyperinsuline-
mia found in insulin-resistant PCOS women may actually
down-regulate the insulin-coupled activity along the DCI-
IPG cascade.

It is important to point out that a reduced acute insulin-
stimulated DCI-IPG response during the clamp was also
significantly associated with insulin resistance (ISl ¥ =
+0.58, P = 0.023) and obesity (BMI, r = —0.56, P = 0.025).
This suggests that uncoupling due to insulin resistance per
se, secondary to obesity and/or PCOS status, may play a
direct role in this defective DCI-IPG response, and not only
abnormal handling of the DCI precursor. We have shown
that the administration of the insulin-sensitizer metformin
to PCOS women enhances insulin-stimulated release of DCI-
IPG mediator during an OGTT,* which further supports the
hypothesis that defective coupling between insulin action
and DCI-IPG release may contribute to the insulin resistance
of PCOS women.

Of note, the prevalence of obesity is higher in PCOS
women than in non-PCOS women.* Therefore, we purpose-
fully chose nonobese normal women as controls to deter-
mine if a defect of coupling of insulin to DCI-IPG release
exists in obese women with PCOS, because the defect could
be related to either obesity and/or PCOS status. Therefore,
at this time, it is not possible to determine if the observed
defect in DCI-IPG release during the early phase of the
clamp was due to PCOS per se, to the obesity that charac-
terizes women with PCOS, to a combination of PCOS and
obesity, or to other factors that were not assessed. Further
studies, comparing women with PCOS to BMI-matched nor-
mal women, will be conducted to address this issue.

Despite interesting and significant results, there are two
additional limitations to our study. First, the total number of
subjects is relatively small, which is explained by the complex
protocol and studies performed. Therefore, it was not possi-
ble to ascertain whether nonsignificant differences between
PCOS women and controls were due to random distribution
instead of true physiological differences. However, because
parametrical and nonparametrical tests were performed to
test a priori a specific hypothesis, it is highly unlikely that
significant findings could be explained by chance. Second,
because only normal and obese PCOS women were studied,
inference to other insulin-resistant populations would be
speculative.

In conclusion, results of the present study demonstrate
that there is significant uncoupling between insulin action
and the early release of bioactive DCI-IPG in obese women
with PCOS as compared to nonobese normal women, under
conditions where glucose is maintained stable and insulin
is increased acutely. This finding suggests that defective
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insulin-mediated release of the DCI-IPG mediator may con-
tribute to the insulin resistance that characterizes obese
PCOS women. However, it is unknown whether this defect
is due to defective insulin signalling, or to a deficit in mem-
brane-bound DCI-IPG, or to both, and whether it is specific
only to obese women with PCOS or any obese woman.
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