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Abstract

Background:

The purpose of this study was to determine whether a preparation of controlled-release alpha lipoic acid
(CRLA) influences features of the polycystic ovary syndrome (PCOS).

Methods:

We administered CRLA 600 mg twice daily for 16 weeks to six lean, nondiabetic patients with PCOS.
Insulin sensitivity was measured by the euglycemic, hyperinsulinemic clamp. Plasma lipids were measured by
vertical ultracentrifugation. Oxidative stress markers were measured in serum.

Results:

At the end of 16 weeks of CRLA treatment, there was a 13.5% improvement in insulin sensitivity as determined
by the euglycemic, hyperinsulinemic clamp (p < .03). There was also a lowering of triglyceride levels
(p < .04) and a shift in the distribution of low-density lipoprotein (LDL) particles toward the larger, more buoyant
LDL subclass fraction. Two of the subjects who were not on oral contraception had an increased number of
menstrual cycles. Controlled-release alpha lipoic acid treatment, however, was neither associated with an
increase in plasma antioxidant capacity nor with a reduction in plasma lipid oxidation products.

Conclusions:

These data suggest that the CRLA has positive effects on the PCOS phenotype. The effects of CRLA, however,
may have been exerted through a mechanism not involving changes in oxidative stress.
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Introduction

I)olycystic ovary syndrome (PCOS) is a common
endocrine disorder affecting 4% to 12% of reproductive-
age women.! Polycystic ovary syndrome is characterized
by hyperandrogenemia, amenorrhea, and anovulation.
PCOS patients frequently have insulin resistance,
hypertension, and dyslipidemia and are at increased risk
for cardiovascular disease and diabetes? Although most
women with PCOS are obese, about 20% of them are
of normal weight3” Several studies have suggested that
the presence of insulin resistance is independent of
obesity and is present in lean patients with PCOS.3?
This insulin resistance of PCOS may be pathophysiologically
important because lowering insulin resistance with
insulin sensitizers can improve reproductive function in
some women with PCOS.® The molecular mechanisms
leading to the insulin resistance in PCOS are not well
understood, but oxidative stress has been implicated.!'"1>
Alpha lipoic acid is a potent antioxidant, and controlled-
release alpha lipoic acid (CRLA) has been reported to
improve glucose control in type 2 diabetes patients,'
presumably by its effects on reducing oxidative stress
and insulin resistance. We hypothesized, therefore, that
CRLA, by lowering oxidative stress in women with
PCOS, would improve insulin sensitivity and improve
reproductive and metabolic abnormalities. Since obesity
per se may have additional effects on reproductive
function and metabolic parameters, the present study
was carried out in nonobese women with PCOS.

Methods

We investigated six nonobese women ages 23 to 34
who met the Rotterdam criteria” for diagnosis of PCOS.
The women did not have any other medical problems.
The patients were relatively lean, with body mass index
(BMI) ranging from 18.5 to 26.6 (mean 22 + 14) (Table 1).
All the women had a history of oligomenorrhea with less
than five spontaneous periods per year since menarche.
They gave a history of hirsutism that was improved by
using either oral contraceptives and/or spironolactone.
Ferriman-Gallwey scores”® ranged from 1 to 7. The low
hirsutism scores reflected the treatments they had received.
One patient had a history of a large ovarian cyst.

Measurements of follicular stimulating hormone (FSH),
luteinizing hormone (LH), prolactin, dehydroepi-
androsterone (DHEA) sulfate, total and free testosterone
by liquid chromatography tandem mass spectrometry
(LC/MS/MS), and 17 hydroxyprogesterone (LC/MS/MS)
were performed on morning blood samples at Quest
Diagnostics (Madison, NJ). Patients had normal LH, FSH,
DHEA sulfate, prolactin, and 17 hydroxyprogesterone
levels (Table 1). The total testosterone levels ranged
from 8 to 44 ng/dl (normal range 2-45 ng/dl) and
free testosterone levels ranged from 0.3 to 3.6 pg/ml
(normal range 0.1-6.4 pg/ml). Four of the six patients
were on oral contraceptives, and their free testosterone

Table 1.
Baseline Characteristics and Hormone Levels
17 FSH LH
hydoxy (mIU/ml) (mIU/ml)
Waist RGNS Prolactin | (follicular | (follicular Dl Vi) e Ferriman-
. (ng/dl) . . sulfate | testosterone | testosterone
Age BMI | circumference (ng/ml) 2.5-10.2; 1.9-12.5; Gallwey
(cm) (3-30) midcycle | midcycle (el (/) (pg/mi) score
(follicular <185; ) ~ | (45-320) (2—-45) (0.1-6.4)
. ’ 3.1-17.7; 8.7-76.3;
midcycle <225;
luteal <285) luteal luteal
0.5-16.9) | 0.5-16.9)
262 19.7 67.8 5.5 5.5 5.7 18.1 113 44 3.6 4
26 26 78.8 101 19.8 4.7 18.9 108 53 2.6 1
252 21.7 71 40 3.8 5.5 7.8 83 22 1.6 1
34 18.5 66 1 10.3 1 1.5 11 21 0.6 4
27 19.6 73.4 21 13.8 0.9 0.4 119 24 1.4 7
23 25.9 80 12 6.3 0.7 0.2 101 8 0.3 2
@ Women not on oral contraception at study entry.
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levels ranged from 0.3 to 2.6 pg/ml. The two women
who were not on oral contraception at study entry
had free testosterone levels of 3.6 and 1.6 pg/ml and
total testosterone levels of 44 and 22 ng/dl. The ethnic
background was five Caucasians and one Asian.

A standardized oral glucose tolerance test was performed
to exclude the diagnosis of either diabetes or impaired
glucose tolerance. Individuals with cardiovascular diseases,
human immunodeficiency virus, other active infections,
thyroid disorders, epilepsy, cancer, hepatitis, cystic fibrosis,
sickle cell disease, asthma, or renal disease were also
excluded. Subjects were not taking medications known
to affect insulin sensitivity, carbohydrate metabolism,
or lipid metabolism. These medications included
glucocorticoids, adrenergic agonists, psychotropic drugs,
diuretics, beta blockers, and 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitors.

Subjects were screened with respect to their exercise and
physical activity pattern. Only subjects who performed
less than 60 min of strenuous exercise per week were
recruited—the rationale being that regular strenuous
physical activity may attenuate the effect of CRLA on
insulin sensitivity. Subjects underwent a dietary history
at enrollment and were placed on a weight maintenance
diet in order to avoid the confounding effect of weight
loss on insulin sensitivity.

The women underwent baseline tests which included
(@) a hyperinsulinemic, euglycemic clamp,” for which a
primed-continuous infusion of regular human insulin
was administered at a rate of 40 mU/min/m?/body surface
area for 120 min, blood glucose levels were maintained
at approximately basal level with a variable infusion
of 20% glucose, average glucose infusion rates were
determined during the steady state period between 90
and 120 min, and glucose disposal values (M/I) were
calculated as milligrams of glucose infused per minute
per kilogram of body mass divided by steady state
insulin levels (in wU/ml x 100); (b) a cardiovascular risk
panel, including low-density lipoprotein (LDL) pattern
size and intermittent density lipoproteins measured using
a vertical ultracentrifugation technique (VAP® panel,
Atherotech, Birmingham, AL), and highly sensitive
C-reactive protein (hsCRP) and fasting homocysteine
levels were also obtained; and (c) measurements of
different serum oxidative stress markers, including
isoprostane (Kronos laboratories), protein carbonyls,
2-thiobarbituric acid reactive substances (TBARS), and
total reactive antioxidant potential (TRAP) (Antioxidants
and Mass Spectrophotometry Core Laboratory of

the University of California-Davis, Clinical Nutrition
Research Unit).

After completion of the baseline tests, the subjects were
administered CRLA 600 mg twice daily for 16 weeks,
and the tests repeated. Controlled-release alpha lipoic
acid was supplied by the Medical Research Institute,
San Francisco, CA.

Ethical Considerations

All subjects gave informed consent. The protocols and
consent forms were approved by the University of
California, San Francisco, institutional review board and
by the Clinical and Translation Science Institute, where
the study was conducted.

Statistical Analysis

Comparisons between the baseline and final were made
using a Student’s ftest (two-tailed) and two paired
signed rank sum test (Wilcoxon), in which values in
each row of the data set were paired. Significance was
accepted at p < .05. The p values stated are those
obtained with Student’s t-test. Nonparametric analyses
of the data did not alter the conclusions. All analyses
were performed using GraphPad Prism (MS Windows,
version 4.03, GraphPad Software, San Diego, CA). Data are
presented as mean * standard error of the mean.

Results

Effect of Controlled-Release Alpha Lipoic Acid on
Insulin Sensitivity

The subjects were on a weight maintaining diet,
and their weights did not change during the study.
The subjects did not have any adverse reactions to the
alpha lipoic acid. At the end of 16 weeks, there was
a significant increase in insulin sensitivity with CRLA
as determined by the hyperinsulinemic, euglycemic
clamp. The mean insulin mediated glucose disposal
increased from 9.7 + 1.3 mg/min/kg/mU insulin to
11.1 £ 1.7 mg/min/kg/mU insulin (p = .03).

Effect of Controlled-Release Alpha Lipoic Acid on
Plasma Lipid Values

There was a significant lowering of triglyceride levels
with CRLA administration (Table 2). Pretreatment levels
were 80.3 + 11.6 mg/dl, and post-treatment levels were
578 + 43 mg/dl (p = .04). However, there was no change
in either total, LDL, or high-density lipoprotein (HDL)
cholesterol (Table 2). There was no change in either
homocysteine or hsCRP levels.
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The vertical ultracentrifugation (VAP II) method directly
fractionates LDL cholesterol into 4 subfractions (LDLI,
LDL2, LDL3, and LDL4). LDL1 and LDL2 contain the large,
buoyant LDL particles; LDL4 contains the small, dense
LDL particles; and LDL3 is intermediate-sized particles.?’
We observed that CRLA therapy was associated with a
shift in the distribution of LDL particles toward a larger,
more buoyant LDL subclass pattern. Thus LDL4, the most
atherogenic of all LDL subfractions, fell from 7.5 + 0.8
to 4.6 + 1.3 (p = .02).

Effect of Controlled-Release Alpha Lipoic Acid on
Oxidative Stress Markers

Since alpha lipoic acid is a potent antioxidant, we measured
serum oxidative stress markers before and after CRLA
therapy. However, we did not observe an increase in either
plasma antioxidant capacity or reduction in plasma
lipid oxidation products (Table 3). The TRAP of plasma
was 180 + 13.5 uM Trolox equivalents before and 170 *
170 uM Trolox equivalents after CRLA therapy (p =.63).
The plasma TBARS increased modestly with CRLA
therapy (0.7 + 0.1 before and 0.9 + 0.1 after), but this
was not statistically significant (p = .12). There was no
statistically significant change in protein carbonyl
levels (1.5 + 0.1 nmol/mg before and 1.7 + 0.1 nmol/mg
protein after CRLA treatment; p = .26) or the isoprostane
9-iso prostaglandin F2a (iPF2o-IIL 394 + 95 pg/ml
before and 454 + 76 pg/ml after CRLA treatment; p = .63).

Effects of Controlled-Release Alpha Lipoic Acid on
Menstrual Cyclicity

Two subjects were not on oral contraception prior to entry
into the study. These two subjects had 1.6 and 1.3 periods
in the four months prior to study entry. During the 16
weeks of treatment, these subjects had three and four
periods, respectively. These two subjects did not have
weight changes or increases in physical activity to
explain the increased menstrual cyclicity.

There were no changes in the hirsutism scores, but it
should be noted that four of the six subjects remained
on oral contraception and also that the study duration
was only 16 weeks. A study lasting at least six months
would be necessary to evaluate the effect of CRLA on
hirsutism.

Discussion

Insulin resistance commonly occurs in PCOS patients,
and reversal of insulin resistance with either metformin
or thiazolidinediones administration improves the PCOS

Table 2.

Effect of Alpha Lipoic Acid on Triglyceride and
Cholesterol Levels

Triglycerides izl Aol s
g(rr): /dl) cholesterol | cholesterol | cholesterol
9 (mg/dl) (mg/dl) (mg/dl)
Pre-average 80.3 + 11.6 | 179 + 16.8 | 67.3 £ 5.2 | 101 + 14.3
9 (53-131) (106-205) (51-81) (47-138)
Post-average 57.8 + 4.3 175 + 176 | 61.7 + 3.2 | 103 = 17.3
9 (55-77) (112-217) | (52-75) (46-157)
p value .04 .60 a7 .82

Table 3.

Effect of Alpha Lipoic Acid on Serum Oxidative
Stress Markers

Protein
carbonyls TBARS Ui iPF2o-111
(malondialdehyde | (UM Trolox
(el uM) Equivalents) et
protein)
Z\::;age 1.5 + 0.1 0.7 + 01 180 + 13.5 | 39.4 + 9.5
z\?::;ge 17 + 01 0.9 + 01 170 + 17.0 | 45.4 = 7.6
p value .26 12 .63 .63
phenotype in some patients.?! Oxidative stress is

increased in PCOS patients, and potentially, this factor
could contribute to the insulin resistance state.!*"
We hypothesized that using a potent antioxidant such as
alpha lipoic acid would therefore have beneficial effects
on the PCOS phenotype. Thus we administered CRLA
to women with PCOS. We recruited lean, nondiabetic
women for this study to avoid the confounding effects of
obesity or diabetes.

We expected these lean PCOS women to be insulin
resistant as measured by the euglycemic, hyper-
insulinemic clamp, but in fact, their resistance was not
particularly marked. The mean insulin-mediated glucose
disposal rate at baseline was 97 + 1.3 mg/min/kg/mU
(range 5.2 to 13.6). Twenty-seven nonobese, nondiabetic
sedentary subjects studied under identical conditions
using the same procedure at our clinical research center
had a mean insulin-mediated glucose disposal rate of
98 + 0.6 mg/min/kg/mU (range 4.0 to 16.3). It has been
reported previously that, although insulin resistance is
a common abnormality in PCOS, it is not a universal
feature.”**® There is considerable overlap in insulin
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sensitivity with normal controls, and the resistance
tends to increase as the BMI increases. It has also been
reported that, when obese PCOS women lose weight,
their insulin sensitivity improves to the same level as
BMI-matched control subjects.* Despite the absence of
severe insulin resistance, we observed that CRLA therapy
resulted in an improvement in insulin sensitivity.
The patients were on a weight maintenance isocaloric
intake, and there was no weight loss to explain the
change in insulin sensitivity with CRLA therapy.
Metformin and thiazolidinediones have been associated
with improvements in insulin sensitivity from approximately
19% to approximately 40% in PCOS patients®*% Some of
the studies that showed the greater improvements did
not control for changes in either weight or physical
activity.3%% It is possible, therefore, that longer duration
studies with CRLA in more resistant, obese, PCOS subjects
will show greater improvements in insulin sensitivity.

Women with PCOS, like patients with type 2 diabetes
and the insulin resistance/metabolic syndrome, have
increased levels of the atherogenic lipoproteins that
predispose them to an increased risk for cardiovascular
disease. In animal models of atherosclerosis and
dyslipidemia, alpha lipoic acid administration has potent
effects on triglyceride and other lipid values.? In our
study, we observed that CRLA both lowered triglycerides
levels and increased the LDL particle size. Thus CRLA
may have a significant anti-atherogenic effect in PCOS.

Improvements in insulin sensitivity have been associated
with improvements in reproduction in women with
PCOS. Two of the subjects in this study were not on oral
contraceptive medications. Both of these women had
improvement in their menstrual cyclicity. Thus CRLA
may be useful in restoring normal menstrual cycles in
certain PCOS patients.

Our initial hypothesis was that alpha lipoic acid
administration would improve insulin resistance by
lowering oxidative stress. Thus we were surprised that
there was no improvement in serum oxidative stress
markers. There are several possible explanations for
this finding. First, our assays may have been relatively
insensitive to changes in either plasma oxidative capacity or
lipid and protein oxidation. This possibility is unlikely,
because these same assays have been reported to detect
changes due to intake of nutritional antioxidants.?”
Second, the circulating oxidative stress markers may not
accurately reflect the intracellular oxidative state that
could have been affected by CRLA therapy. Third, CRLA

might have had an effect on insulin resistance through
a mechanism other than via its antioxidant effect.
Thiazolidinediones and metformin activate 5 adenosine
monophosphate kinase in muscle and other tissues?%
and this action is believed to be one mechanism
whereby these drugs improve insulin action in patients
with PCOS3! Alpha lipoic acid has also been reported to
activate 5 adenosine monophosphate-activated protein
kinase (AMPK). Alpha lipoic acid increased both fatty
acid oxidation and insulin stimulated glucose uptake
in obese, diabetic rats.®> Administration of dominant
negative AMPK into skeletal muscle prevented these
effects of alpha lipoic acid.®! In addition to improvements
at the level of the muscle, 5 adenosine monophosphate
kinase activation with alpha lipoic acid also lowered
triglycerides and improved endothelial function.®
Additional studies are therefore required to determine
whether the alpha lipoic acid effects observed in PCOS
patients are due to AMPK.
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