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Effects of Gonadotropin-releasing Hormone Agonist on
Vascular Reactivity, Oxidative Stress, and Plasma Levels
of Asymmetric Dimethylarginine, Inflammatory Markers,
Glucose, and Lipids in Women with Endometriosis
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Objective: To assess the effects of gonadotropin-releasing hormone agonist (GnRHa) on en-
dothelial function, and measured plasma levels of asymmetric dimethylarginine (ADMA), glu-
cose and lipids, markers of systemic inflammation we oxidative stress that may affect
vascular reactivity in women with endometriosis.

Methods: A total of 17 women with endometriosis were treated with GnRHa for 6 months.
Plasma levels of estradiol (E2), lipids, glucose, insulin, inflammatory markers (e.g., high sensi-
tivity C reactive protein (hs-CRP), serum amyloid protein A (SAA), and interleukin-6 (IL-6)),
and cell adhesion molecules (e.g., intercellular adhesion molecule (ICAM-1), vascular cell adhe-
sion molecule (VCAM-1), and E-selectin) were measured before and 3 and 6 months after ther-
apy. Levels of ADMA, reactive oxygen metabolites (d-ROMs; marker of oxygen free radicals),
and biological antioxidant potential (BAP; a marker of antioxidants) were also measured.
Vasodilatory responses were assessed by measuring flow-mediated vasodilation (FMD) with
high-resolution ultrasonography.

Results: GnRHa therapy significantly decreased plasma E2 levels. FMD significantly de-
creased from 8.93%+1.01% to 6.97120.93% at 3 months, and to 6.35+0.97% at 6 month
(P=0.01) after therapy. GnRHa significantly increased plasma levels of ADMA (380.6*16.2
pmol/L to 455.0+17.9 pmol/L at 6 months, P=0.0001) and low-density lipoprotein (LDL) cho-
lesterol at 6 months after therapy. GnRHa also significantly increased plasma levels of ICAM-
1, VCAM-1, and E-selectin, although it significantly decreased those of hs-CRP and IL-6, but
not SAA. Plasma levels of d-ROMs, BAP, insulin, and glucose, as well as the homeostasis
model assessment ratio (a marker of insulin resistance), did not change significantly after
GnRHa therapy.

Conclusion: Although GnRHa has favorable effects by inhibiting systemic inflammation, es-
trogen deficiency-induced increases in plasma levels of ADMA, cell adhesion molecules, and
LDL cholesterol may further impair endothelium-dependent vascular reactivity in women
with endometriosis.
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INTRODUCTION

Endometriosis, a common gynecological dis-
order characterized by growth of the endome-
trial gland and stroma outside the uterus, is
associated with symptoms such as dysmenor-
rhea, hypermenorrhea, and chronic abdominal
pain. Endometriosis has been noted in 20~50
9 of patients undergoing gynecological laparo-
tomies", is diagnosed in women of reproductive
age, and is accompanied by infertility in 5~10
% of cases.

Endothelial dysfunction is one of the earliest
events in the development of atherosclerosis®.
Nitric oxide (NO), which is produced during ar-
ginine oxidation by NO synthase in endothelial
cells, has anti-atherosclerotic effects. We previ-
ously demonstrated that endothelium-depen-
dent vasodilation, which is mediated through
the release of vasodilators such as NO?, is im-
paired in women with endometriosis’. We also
found that enhanced vascular inflammation
and increased plasma levels of asymmetric di-
methylarginine (ADMA), an endogenous inhibi-
tor of NO synthesis, may be associated with
impaired endothelial function in such women®.
This suggests that chronic inflammation and
decreased vascular reactivity may lead to the
development of atherosclerosis in women with
endometriosis.

Gonadotropin-releasing hormone agonist
(GnRHa), which induces hypoestrogenism by
inhibiting pituitary gonadotropin secretion, is
used in the treatment of estrogen-dependent
diseases such as uterine myomas and endo-
metriosis. GnRHa-induced reductions in plasma
estrogen levels reported to be associated with
bone loss”, vasomotor symptoms, and memory
complaints. Moreover, estrogen deficiency may
increase the risk of cardiovascular disease since
women become more susceptible to coronary
heart disease after menopause. The correlation

between serum estrogen levels, particularly
those of estradiol, and wvascular endothelial
function support inhibition of endothelium-
dependent vasodilation in postmenopausal
women®. Accordingly, it is likely that GnRHa-
induced hypoestrogenism may inhibit vascular
reactivity in women with endometriosis with
existing impairments in endothelial function.

In this study, we investigated the effects of
GnRHa therapy on endothelium-dependent
vasodilation in women with endometriosis and
evaluated changes in plasma levels of ADMA,
markers of inflammation, oxidative stress, cell
adhesion molecules, glucose, insulin, and lipids
that may affect endothelial function.

MATERIALS AND METHODS

1. Subjects

Subjects were 17 Japanese women with the
American Society for Reproductive Medicine
(ASRM) stage III to IV (mean age, 37.9 years;
range, 24~54 years; mean body mass index,
20.0 kg/cm? range, 16.8~25.5 kg/cm?) between
April 1, 2011 and March 31, 2012. Surgeons
completed operative records, which noted the
presence or absence of endometriosis and the
stage of endometriosis according to revised
ASRM criteria. Endometriosis was diagnosed
by laparoscopy and confirmed by histopatho-
logic examination. Exclusion criteria were the
presence of diseases such as diabetes mellitus,
hypertension, cardiovascular disease, dyslipide-
mia, systemic lupus erythematosus, and infec-
tion. Women who were smokers and/or used
any medication were also excluded. Subjects
received a subcutaneous injection of 1.88 mg
GnRHa (leuprolide acetate) monthly for 6
months. Before and 3 and 6 months after
GnRHa treatment, venous blood samples were
obtained between 8:00 and 10:00 AM following
a 12-hour fast. Before GnRHa therapy, basal



body temperature was used to determine men-
strual cycle phase, with all women showing a
biphasic basal body temperature pattern. Blood
samples were drawn at the mid-follicular phase
(day 7~10) of the menstrual cycle.

Written informed consent was obtained from
each subject prior to participation. The study
was approved by the Ethics Committee of
Aichi Medical University.

2. Laboratory analysis

Plasma levels of total cholesterol, triglycer-
ides, and low-density lipoprotein (LDL)-choles-
terol were measured using enzymatic methods
as previously describe”. Levels of high-density
lipoprotein (HDL)-cholesterol were determined
using similar methods after precipitation of
apolipoprotein B-containing lipoproteins with
sodium phosphotungstate in the presence of
magnesium chloride”. Levels of estradiol (E2)
and follicle-stimulating hormone (FSH) were
measured using enzyme immunoassay (Tosoh
Corp, Japan). Plasma levels of CA-125, a mark-
er for evaluating the severity of endometriosis,
were measured by enzyme immunoassay (Fuji-
rebio Corp, Japan). Plasma glucose and insulin
levels were measured by the hexokinase tech-
nique and radioimmunoassay, respectively
(Tosoh Corp, Japan), and the homeostasis
model assessment ratio (HOMA-R), an estimate
of insulin resistance, was calculated from fast-
ing glucose and insulin levels.

Levels of high sensitive C reactive protein
(hs-CRP) were analyzed using the Behring
Latex-Enhanced CRP assay on the Behring
Nephelometer Analyzer System (Dade, Behring
USA). Serum amyloid A protein (SAA) levels
were determined with a latex agglutina-
tion turbidimetric immunoassay (SRL, Japan).
Levels of wvascular cell adhesion molecule
(VCAM)-1, intercellular adhesion molecule
(ICAM)-1, and E-selectin were analyzed with

ELISA Kkits (SRL, Japan). Levels of interleukin
6 (IL-6) were measured with a chemilumines-
cent enzyme immunoassay (SRL, Japan).

Plasma levels of reactive oxygen metabolites
and derivatives (d-ROMs) were measured
spectrophotometrically with the d-ROMs Test
(Diacron, Grosseto, Italy). This test is based on
the ability of transition metals to catalyze, in
the presence of peroxides, the formation of free
radicals, which are then trapped by an alkyla-
mine. The ensuing reaction forms a colored
radical detectable at 505 nm through a kinetic
reaction that is linear up to 500 U CARR (Car-
ratelli units). Normal values for this test range
from 250 to 300 U CARR. In the biological
antioxidant potential (BAP) test (Diacron,
Grosseto, Italy), plasma is dissolved in a colored
solution, which has been previously obtained
by mixing a source of ferric ions with a special
chromogenic substrate. The solution becomes
discolored after incubation. The amount of re-
duced ferric ions is evaluated by assessing the
extent of discoloration, and is used as a readout
for antioxidant potentia”.

Plasma asymmetric dimethylarginine (ADMA)
and symmetric dimethylarginine (SDMA) lev-
els were measured by high-performance liquid
chromatography, using precolumn derivatiza-
tion with o-phthalaldehyde (OPA). Plasma sam-
ples and internal standards were extracted and
incubated with the OPA reagent (5.4 mg/mL
OPA in borate buffer, pH 8.5, containing 0.4%
mercaptoethanol). OPA derivatives of ADMA
and SDMA were separated on a C6H5 column
(Macherey and Nagel) with the fluorescence
monitor set at an excitation wavelength of 340
nm and an emission wavelength of 455 nm'’.

3. Endothelial function

Patients rested in the supine position for
10 minutes before initiating the examina-
tions. High-resolution Doppler ultrasonography



4

equipment (Sonovista-Color model MEU-1582,
Mochida) with a 10-MHz transducer was used
to image the right brachial artery, and
vasodilatory responses were measured. A non-
tortuous segment of the brachial artery was
scanned longitudinally 4 to 5 cm above the
elbow, where the clearest image could be ob-
tained. When an adequate transducer position
was determined, the skin was marked and the
arm was kept in a constant position through-
out the study. After baseline images of the bra-
chial artery were obtained and arterial flow
velocity determined, a blood pressure cuff en-
circling the proximal portion of the arm was in-
flated to 250 mm Hg for 5 minutes, and then
suddenly deflated. Increased blood flow after
sudden cuff deflation, termed reactive hypere-
mia, results in flow-mediated vasodilation
(FMD)". Flow velocity in the artery was deter-
mined again, and 1 minute after cuff deflation,
the brachial artery was imaged. Blood pressure
and heart rate were recorded during the inves-
tigation. The diameter of the brachial artery
was measured from the anterior to posterior in-
terface between the media and adventitia (“m”
line) at the end of diastole, incident with the R
wave on a continuously recorded electrocardio-
gram. Diameters for four cardiac cycles were
determined from the images and averaged. All
scans were recorded for later analysis. FMD
was calculated as the percent increase in arte-
rial diameter during hyperemia and was used
as an index of endothelium-dependent vaso-
dilation'. Blood flow was calculated by multi-
plying the time velocity integral of the angle-
corrected Doppler flow signals by the heart
rate and the mean cross-sectional vessel area.
Intra-observer and inter-observer variability
for repeated measurements were 0.03 &= 0.02
and 0.05+0.03 mm, respectively. Variability
for FMD performed on 2 separate days was 2.1

+0.9 %.

4. Statistical Analysis

Data are expressed as mean=*standard error
(SE). Changes in parameters measured in this
study were analyzed by one-way analysis of
variance (ANOVA). When a significant differ-
ence was observed, Scheffe's multiple compari-
son procedure was used to determine which
groups were significantly different. P<0.05
was considered significant.

RESULTS

As shown in Table 1 GnRHa therapy signifi-
cantly decreased plasma levels of E2 and FSH
at 3 months, plasma levels of CA125 tended to
reduce at 3 months. Plasma concentrations of
total and LDL cholesterol significantly in-
creased at 3 and 6 months, respectively, while
concentrations of HDL cholesterol and trigly-
cerides did not change significantly by therapy.
No significant changes were observed in levels
of glucose, insulin, and HOMA-R.

Table 2 shows that systolic and diastolic BP,
heart rate, brachial artery diameter, blood flow,
and the percent increase in blood flow induced
by reactive hyperemia did not change signifi-
cantly with GnRHa therapy. However, FMD
significantly decreased from 8.93+1.01 to 6.97
+0.93% at 3 months, and to 6.350.97% at 6
months (P=0.01) after therapy. Figure 1 indi-
cated that GnRHa therapy was inhibited endo-
thelial function in women with endometriosis.

Table 3 indicated that GnRHa therapy sig-
nificantly increased plasma levels of AMDA
and SDMA by 6 months, but plasma d-ROM
and BAP levels did not change significantly.
Table 4 shows that levels of ICAM-1, VCAM-1,
and E-selectin significantly increased at 3
months, while those of hs-CRP and IL-6, but not
SAA, significantly decreased, after therapy.



Table 1. Changes in plasma levels of lipids, glucose, insulin,
hormones, and CA-125 by GnRHa therapy

Baseline 3 months 6 months P
Total cholesterol (mg/dL) 170.6£5.5 184.1+8.2 192.9+14.3« 0.0006
LDL cholesterol (mg/dL) 96.7+5.2 108.2£6.4> 113.3£9.6° <0.0001
HDL cholesterol (mg/dL) 62.1+2.0 65.1+2.1 61.2+4.9 0.12
Triglycerid (mg/dL) 80.2+10.2 88.81+11.9 78.6+8.4 0.69
Insuline (IU/mL) 8.7+1.9 6.3+t1.4 145%6.8 0.59
Glucose (mg/dL) 91.1+2.4 91.1+2.1 91.3*+6.1 0.97
HOMA-R 2.110.5 1.4+0.3 4.4+2.7 0.52
Estradiol (pg/mL) 66.9+10.9 15.3£2.5° 12.1£1.5° <0.0001
FSH (mIU/mL) 9.4+1.0 6.5+0.8° 7.1£0.9 0.004
CA-125 (U/mL) 60.9£8.6 34.3+5.9° 28.8+6.1° 0.04

Data are expressed as mean*standard error.

LDL, low-density lipoprotein: HDL, high-density lipoprotein; HOMA-R, homeo-
stasis model assessment ratio; FSH, follicle-stimulating hormone

*P<0.1; " P<0.05; “°P<0.01 vs. Baseline
¢P<0.05 vs. 3 months

Table 2. Changes in blood pressure, heart rate, brachial artery
diameter, and blood flow by GnRHa therapy

Baseline 3 months 6 months P
Systolic BP (mmHg) 114=+3 113+3 114+3 0.95
Diastolic BP (mmHg) 732 7312 74+2 0.82
Heart rate (betas/min) 69+2 6812 69+3 0.84
Baseline diameter (mm) 3.23%£0.12 3.2610.11 3.27+0.07 0.32
Baseline flow (ml/min) 198.7+£39.6 169.6+15.4 169.6+33.0 0.99
Hyperemic flow (%) 292.3+41.8 294.6+34.2 247.0£21.1 0.71
Data are expressed as mean=*standard error.
BP, blood pressure
FMD DISCUSSION
) 18 P=oor In this study, we measured the effects of
| s GnRHa therapy on endothelium-dependent
7 — vasodilation, which is associated with the de-

6 months

3 months

Baseline

Fig 1. Changes in flow-mediated vasodilation after GnRHa
therapy

velopment of atherosclerosis in women with
endometriosis. Nitric oxide (NO), an endothe-
lium-derived relaxing factor, is released in re-
sponse to increased blood flow during reactive
hyperemia. Given that several NO synthase in-
hibitors suppress endothelium-dependent vaso-
dilation'”, FMD appears to represent a vaso-
dilation-dependent effect mediated by endothe-
lium-derived NO. In addition, FMD in the bra-
chial artery has been reported to correlate with
the severity and extent of coronary athero-
sclerosis'. FMD has provided valuable insights



Table 3. Changes in plasma levels of ADMA, SDMA, and markers
of oxidative stress by GnRHa therapy

Baseline 3 months 6 months P
ADMA (pmol/L) 380.6+12.9 411.2+16.9 455.0+£17.9"  0.0001
SDMA (pmol/L) 360.0£16.2 400.6+£18.2 434.6+20.8*  0.0004
d-ROM (CARR U) 352.7142.7 351.6%+21.3 298.21+26.9 0.51

BAP (umol/L) 2517.5+135.5

2793.1+t100.1 2700.1£230.3 0.59

Data are expressed as mean=*standard error.
ADMA, asymmetrical dimethylarginine; SDMA, symmetrical dimethylarginine;
d-ROMs, reactive oxygen metabolite; BAP, biological antioxidant potential.

*P<0.01 vs. baseline
*P<0.05 vs. 3 months

Table 4. Changes in plasma levels of inflammatory markers and cell
adhesion molecules by GnRHa therapy

Baseline 3 months 6 months P
hs-CRP (ng/mL) 2241.5+10925 360.6£102.3° 4153*+177.1* 0.04
SAA (ug/mL) 7.13+2.07 4.62£1.07 4.67+1.09 0.26
IL-6 (pg/mL) 2.6£0.7 1.56£0.3 1.2£0.2° 0.01
VCAM-1 (ng/mL) 637.0£38.0 711.3£33.4° 693.71+-48.5" 0.0005
ICAM-1 (ng/mL) 1725+13.4 225.1+35.3" 201.1£15.3 0.01
E-selection (ng/mL) 26.8+2.4 30.6+2.8° 32.3+£2.8" 0.005

Data are expressed as mean*standard error.
hs-CRP, high sensitivie C-reactive protein; SAA, serum amyloid protein A; IL-6,
interleukin 6; VCAM-1, vascular cell adhesion molecule; VCAM-1, intercellular

adhesion molecule
*P<0.05; "P<0.01 vs. baseline

into early atherosclerosis and the potential re-
versibility of endothelial dysfunction. We pre-
viously demonstrated that FMD in the brachial
artery was reduced in women with endometrio-
sis”. We also showed that increased plasma lev-
els of ADMA and enhanced inflammation may
be associated with endothelial dysfunction in
this population®”. Based on these findings, we
speculated that women with endometriosis
may be at increased risk of cardiovascular dis-
ease. In the present study, FMD significantly
decreased to the postmenopausal level during
the course of GnRHa therapy in women with
This suggests that the de-
creased vascular reactivity in these women
may be further impaired by GnRHa therapy.
Since endothelial function in the brachial ar-
tery may change in parallel with that in the

endometriosis.

coronary artery, GnRHa-induced impairment
of endothelial vascular reactivity may be a
greater risk factor for cardiovascular disease in
women with endometriosis. Similar to our
findings, Yim et al. demonstrated that endothe-
lium-dependent vascular reactivity was inhib-
ited after 6 months of GnRHa therapy, while
GnRHa therapy combined with estrogen/
progestogen reversed the adverse effects of
GnRHa'.

decreased plasma estrogen levels are accompa-

Lieberman et al. demonstrated that

nied by the inhibition of endothelial function,
while estrogen replacement improves endothe-
lium-dependent vasodilation™. Accordingly,
plasma estrogen may play a major role in regu-
lating vascular reactivity in women. Because
GnRHa significantly reduced plasma E2 levels

in this study, the hypoestrogenism it induces



may be associated with impaired endothelial
dysfunction in women with endometriosis
whose endothelial function was already com-
promised.

Factors other than estrogen also regulate en-
dothelial function. For example, insulin resis-
tance and hypertension are known to be associ-
ated with impaired endothelial function. The
fact that HOMA-R, a marker of insulin resis-
tance, and blood pressure did not change with
GnRHa therapy in this study suggests that
these factors may not affect endothelial func-
tion in women with endometriosis. Oxidative
stress, particularly the oxidation of LDL, is also
a potent inhibitor of endothelium-dependent
vascular relaxation'®. Oxidized LDL interrupts
G protein-dependent stimulation of NO release,
and lipid peroxidation products directly block
the physiologic action of NO'”. Plasma levels of
BAP, an antioxidant marker, and d-ROMs, a
marker of oxygen free radicals, did not change
with GnRHa therapy either, suggesting that
oxidative stress may not be related to vascular
reactivity in these women.

GnRHa therapy increased plasma LDL cho-
lesterol levels. We previously reported that a
decrease in plasma estrogen levels enhances
lipoprotein lipase activity, which may increase
plasma LDL levels, in postmenopausal and
oophorectomized women'®. Additionally, Arca
et al. suggested that hypercholesterolemia in
postmenopausal women results from impaired
LDL receptor activit'. Accordingly, hypo-
estrogenism induced by GnRHa may be associ-
ated with increased plasma LDL cholesterol
levels. This, in turn, may directly impair endo-
thelial function®”, whereas reductions of plasma
cholesterol rapidly improve endothelial func-
tion*”. Thus, the accumulation of LDL choles-
terol in plasma may adversely affect on endo-
thelium-dependent vasodilation in women with

endometriosis.

ADMA suppresses vascular NO production
and impairs vascular reactivity, leading to en-
dothelial dysfunction and vasoconstriction. In
our previous study, ADMA levels in women
with endometriosis were elevated and in-
versely associated with FMD, suggesting that
increased plasma ADMA levels may be associ-
ated with impaired endothelial dysfunction®.
In this study, levels of ADMA and SDMA, which
lacks NO synthase inhibitory activity, in-
creased in response to GnRHa therapy. ADMA
is metabolized to citrulline by dimethylargi-
nine dimethylaminohydrolase (DDAH), which
is present in many tissues. ADMA levels in
plasma can increase through a number of
mechanisms, for example, increased produc-
tion, impaired metabolic degradation, or re-
duced clearance. Although dimethylarginine is
excreted via kidneys and accumulates in pa-
tients with chronic renal failure, none of our
subjects showed signs of renal failure. Estro-
gen reportedly decreases plasma ADMA levels
by stimulating DDAH activity®. Thus, hypo-
estrogenism induced by GnRHa may inhibit
DDAH activity, resulting in elevated plasma
ADMA levels, which in turn may adversely af-
fect vascular reactivity in women with endo-
metriosis.

Cell adhesion molecules, once expressed on
the surfaces of endothelial cells or leukocytes
following cytokine stimulation, are shed from
the surface within 24 hours™. Plasma levels of
cell adhesion molecules are associated with the
extent of atherosclerosis and the occurrence of
coronary events*. In the present study, GnRHa
elevated the levels of ICAM-1, VCAM-1, and E-
selectin. Since the levels of cell adhesion mole-
cules increase after menopause®, hypoestro-
genism induced by GnRHa may stimulate the
production of cell adhesion molecules involved



in endothelial vasodilatory function®. Inflam-
matory responses may also be associated with
decreased endothelium-derived NO?*”, which
promotes leukocyte adhesion and thrombosis
formation, leading to atherosclerosis. Inflam-
mation activates macrophages that induce IL-6
secretion. IL-6, in turn, stimulates hepatic CRP
production. Importantly, previous studies have
reported that CRP levels negatively correlate

with endothelial function®®*?.

For example,
Vita et al. reported that systemic inflammation
may contribute to impaired vasomotor func-
tion in microvessels in the Framingham Off-
spring Study, which involved a large subject
population®. Since SAA is synthesized in the
liver in response to infection and inflammation,
as in the case of CRP, it is also considered a sen-
sitive inflammation marker. We previously
demonstrated that inflammatory markers such
as hs-CRP, SAA, and IL-6 were all elevated in
women with endometriosis, suggesting an en-
hanced inflammatory response in these women.
Moreover, we found that hs-CRP levels corre-
lated negatively with FMD, indicating that in-
creased CRP production may be associated
with impaired vascular reactivity in women
with endometriosis”. In contrast, GnRHa ther-
apy reduced plasma hs-CRP and IL-6 levels,
suggesting that GnRHa has a favorable effect
of reducing inflammation. Although this in-
hibitory effect appears to improve vascular re-
activity, the effect may be overcome by
GnRHa-induced hypoestrogenism and increase
in levels of plasma LDL cholesterol, ADMA, and
cell adhesion molecules, resulting in impaired
endothelial function in women with endo-
metriosis.

According to our previous study, women
with endometriosis may be at increased risk for
cardiovascular disease, as evidenced by the im-
paired endothelial function resulting from en-

hanced inflammation and increased plasma
ADMA levels. Although GnRHa favorably af-
fects endometriosis-related symptoms such as
dysmenorrhea and abdominal pain, the result-
ing hypoestrogenism, mediated by increased
ADMA, cell adhesion molecules, and LDL cho-
lesterol levels, may further impair vascular re-
activity in women with endometriosis. Long-
term use of GnRHa during reproductive years
may lead to an enhanced risk of atherosclerosis.
Additional studies are needed to evaluate
whether GnRHa administration to women with
endometriosis further increases the risk of fu-
ture cardiovascular disease.
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