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- Abstract=In order to determine endocrinologic changes by obesity in patients with
polycystic ovarian disease (PCOD) and to assess the involvement of peripheral 3-endos-
phin in the pathogeneis of PCOD, levels of plasma B-enorphin, gonadotropin, androgen
and prolactin were measured by radicimmunoassay. Thirty-one PCOD patients (21 nor-
mal weight, 10 overweight) and 27 normally ovulating women, 20 normal weight, 7
overweight (normal controls) were studied. There were no significant differences in the
plasma gonadotropin, androgen, and prolactin levels between the overweight and nor-
mal weight group in PCOD patients and normal controls. No significant difference
in plasma B-endorphin levels was found between normal weight controls and normal
weight patients. Plasma B-endorphin levels were similar in overweight controls and
patients. These values were significantly higher than those in normal weight contrels
and patients respectively. There was a significant correlation between plasma B-endor-
phin levels and the percentage of ideal body weight in patients with PCOD and normal
controls. These data suggest that peripheral opioid abnormality in PCOD may be a
phenomenon associated with obesity and not related to the pathogenesis of disease.

Key words: Peripheral B-endorplen, Polvevstic ovarian discase, Obesity.

INTRODUCTION

The most charactenstic picture in women with
polycystic ovarian disease (PCOD) 1s an abnorma-
ity of gonadotropm secrelion, 1., an increased se-
rurr luteimizing hormone (LH) and a normal or dec-
reased serum foliicle stimulating hormone (FSH) le-
vel resulting in an increased LH/FSH ratio (Rebar
et al. 1976 Baired et al. 1977) Secveral studies
have shown that the cndorphing, a group of endo-
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genous opioids, may play an important role in the
release of gonadotropin (Quigiey and Yen, 1980;
Blankstein ot al, 1881, Ropert et af, 1981). Cum-
ming et al. (1984) found the failure of LH respond
1o opiate antagonist, naloxone in PCOD patients,
suggesting a lack of opioid inhibition of gonadotro-
pin-releasing hormone (GnRH), and proposed that
an abnormality of central opioid activity might be
responsible for the increased gonadotropin secre-
tion in PCOD patients. On the other hand, several
investigators report that plasma B-endorphin levels
are clevated in PCOD patients (Given et af, 1980,
Aleem and Mcintosh, 1984; Wortsman et al, 1984),
but most of ther patients were obese. Recenlly,
an elevated levels of plasma B-endorphins also
have been observed both In obese adulls and
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children (Genazzani et al, 1986; Facchinelli et al,
1986, 1987; Guugliano et al, 1988)

Theretore 1t s not clear whether this elevation
in plasma P-endorphin levels in PCOD patients 1s
associated with obesity or involved in the pathoge-
nesis of disease. This study was undertaken to
compare levels of various hormones including B-
endorphin in the peripheral blood between over-
weight and normal weight PCOD patents and to
assess the relationship of peripheral B-endorphin
levels with body weight.

MATERIALS AND METHODS

1. Subjects

We studied 31 women, 20 to 30 years of age,
with PCOD, 21 normal weight (mean weight + SE
19891 + 2.01% of ideal body weight) ang 10 over-
weight (127.68 + 2.65%). The critena for diogno-
sing PCOD were amenorrhea or cligomenarrhea
with or without hirsutism, anovulation determined
by basal body lemperature chart and/or endomet-
rial biopsy, high LH basal levels with the LHFSH
ratioy?, and characteristic findings of polycystic
pattern in transvaginal unrasonography.'ldeal body
weights were determined from the standards of
Korean women (Park, 1987). Overweight was defi-
ned as body weight greater than 120% of ideal
body weight. Normal weight patients were within
20% of their ideal body weight. For controls, 27
normally ovulating women, 20 normal weight (28.70
+ 1.49%) and 7 overweight (12658 £ 1.60%) were
also included. All subjects were free of systemic
and other endocrine diseases.

2. Collection of samples

All blood samples were collected between 9:00
AM and 11:.00 AM randomly from amencrrheic pa-
tients and on menstrual cycle day 2 1o 5 from men-
struating women, Blood was collected in palyprop-
ylene tubes containing heparin, immediately centri-
fuged at 4T for 15 minutes at 2,500 g, and the
plasma stored at —20T until assay.

3. Radicimmunoassays
LH and FSH was assayed by a double antibody
radioimmunoassay method with kits from Amer-

sham. Profactin (PRL), testosterone (T), and dehyd-
roepiandrostercne sulfate (DHEAS) assay were pe-
rtormed using radioimmuncassay kits purchased
from Abbott Laboratories (North Chicago, IL), Diag-
nostic Products Corporation (Los Angeles, CA), and
Sereno Diagnostics (Braintree, MA), respectively.

Determinations of B-endorphin were performed
after affinity gel extraction using radioimmunoassay
kits from the Immuno Nuclear Corporation (Stillwa-
ter, MN). In brief, standards and unknown samples
were extracled with anti $-endorphin sepharose
complex in chromatography column and the abso-
rbed B-endorphin was eluted from sepharose parti-
cle with 6.025 ml HCL. The mixture of sepharose-
HCI extract (200 u1) and 1% bovine serum alburmin
borate buffer (100 pY) were incubated at 4C for
18-hours with rabbit B-endorphin antisera (100 p1),
followed by an 18 hour incubation with | ®B-endor-
phin {100 p1) and an additional 20 minutes with
precipitating goat antirabbit serum (500 p1). The
B-endorphin antiserum used was 100% crossreac-
tive, with human B-endorphin, below 5% with B-lipo-
tropin, and did not crossreact ({0.01%) with a-en-
dorphin, leucine enkephalin, methionine enkephalin,
adrenoccrticotropic hormone (ACTH) or a-melano-
cyte stimulating hormone. Current B-endorphin as-
say sensitivity is 1 fmael/ml.

All samples were mesured in duplicate in the
same assay for each hormone. The intrassasy va-
riations were 7.1% for LH, 6.0% for FSH, 6.0% for
T. 79% for DHEAS, 4.0% for PRL, and &.5% for
B-endorphin.

4. Stastical analysis

All results are expressed as the mean + stan-
dard error (SE). Data analysis was performed using
student t-test and correlation coefficients.

RESULTS

Various plasma hormone tevels (Mean + SE)
in 20 normal weight and 7 overweight controls,
and 10 overweight and 21 normal weight patients
with PCOD are summarized in Table 1. When com-
pared to the levels found in the normal weight cont-
rols, normal weight patients with PCOD had plasma
concentrations that were significantly  higher
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Table 1. Plasma LH, FSH, T, DHEAS, PRL levels and LH/FSH rato in normal weighl and overweight ovulatory
women, and overweight and normal weight PCOD patients (Mean + SE)

Normal Ovulatory Women

PCOD Patinents

Normal Weight Overweight Normal Weight QOverweight
(N=20) n=7) (n=21) (N=10)

LH {(miU/mi) 1201 + 1271 1287 + 131 3392 + 218" 3543 + 178"
FSH (mIU/ml) 1227 + 034 1150 + 101 1199 + 073 1181 + 086
LH/FSH ratio 098 + 020" 112 + 0023 293 = 018 309 + 0205
T {ng/ml) 043 + 004 0.44 + 003" 066 + 007 069 + 0.0
DHEAS (ng/dl) 134200 + 230.17" 140100 + 22127 208308 + 21553' 213000 + 23298
PRL (ng/mi) 1027 + 120 1051 + 105 1100 £ 124 1035 £ 1.18

abefg p<0.001: ¢ p<0.01; dh: pdo.0s

(p€0.001) for LH (3392 + 216 vs 1201 + 121
miUu/ml) but not for FSH (1199 + 073 vs 1227
+ 094 milU/m)). Plasma levels of PRL (110 +
1.24 vs 10.27 £ 120 ng/ml) showed no differences
between the normal weight controls and PCOD
patients. The androgen levels revealad significantly
elevated concentrations of T (0.66 + 0.77 vs 0.43
+ 0.04 ng/ml, p{0.01), and DHEAS (208308 +
21553 vs 13420 + 230.17 ng/dl PL0.05). Signifi-
cant differences in the plasma levels of LH (35.43
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Fig. 1. Plasma B-endorphin levels (Mean+ SE) in nor-

mal weight and overweight controls, and nor-
mal weight and overweight PCOD patients.

+ 178 vs 1287 £ 131 miU/mi, p{0.001), T (0.69
+ 0.10 vs 0.44 £ 0.03 ng/ml, p<0.001) and DHEAS
(21300 = 23298 vs 1401 + 22127 ng/di, p<0.05)
between the overweight patients and controls. In
both normal ovulatory controls and PCOD patients
there were no significant differences in the plasma
levels of LH, FSH, T, DHEAS, PRL and LH/FSH
ratio between normal weight and overweight group.

Fig. 1. depicts plasma B-endorphin levels (mean
+ SE) in normal weight and overweight con-
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Fig. 2. Correlation between plasma B-endorphin le-
vels and the percentage of ideal body weight
in normal controls (n=27),
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Fig. 3. Correlation between plasma B-endorphin le-
vels and the percentage of ideal body weight
in PCOD patients (n=31}.

trols, and cverweight and normal weight patients
with PCOD. The mean concentrations of plasma
8-endorohin in overweight patient with PCCD (882
+ 1.21 fmol/ml) were similar 1o those found in ove-
rweight controls (8.14 + 3.10 fmol/ml). There was
no significant difference in the mean plasma B-en-
dorphin levels between normal weight controls and
patients (509 + 0.58 vs 525 + 050 fmol/ml). Pla-
sma B-endorphin levels in overweight controls and
patients were significant higher than those In normal
weight controls and patients respectively (p<0.02).
As is shown in Fig. 2 and Fig. 3. a significant corre-
lation was noted between percentage (x) of ideal
body weight and plasma B-endorphin levels {y) n
normal ovulatory controls (y=0.093x—3.961, r=0
419, p¢0.03, n=27) and patients with PCOD (y=0.
084x—2.708, r=0.422 P{002 n=31) There was
no significant relationship of plasma B-endorphin
levels with plasma LH, FSH. T, DHEAS. PRL levels
and LH/FSH ralio.

DISCUSSION
Crrcufating gonadotropin - concentrations  are

“inappropriate” with erratic and elevated LH and
relatively constant and normal or low F5H levels

in PCOD patients (Rebar et al, 1976; Bard et al,
1977). Obesity frequently observed in PCOD patie-
nts may cause or enhance hyperandrogenism. nc-
reasing the peripheral conversion of androstene-
dione to estrone in adipose tissue and decreasing
sex hormone binding globuin levels, and affect ina-
ppropriate  gonadotropin  secretion. Indeed, Ply-
mate et al (1981) found that plasma LH levels are
higher in the obese PCOD patients than in normal
weight PCOD patients. In this study there was no
difference in plasma gonadotropin levels between
the overweight and normal weight patients Qur
data is in agreement with findings of Petragha et
al (1985)

Several investigalors have shown that B-endor-
phin levels n peripheral blood are elevated in pa-
lients with PCOD compared (o normal controls (G-
vens et al, 1980; Aleen and Mcintosh, 1984, Worls-
man et al. 1984). In this study. elevated plasma
B-endorphin levels were found not in normal weight
PCOD patients but in the overweight controls and
PCOD patients. We also confirmed the observa-
tions of others (Givens et al, 1980; Aleem and Mc!-
ntosh. 1984) that plasma B-endorphin levels sigrifi-
cantly correlate with body weight. On the other
hand. Margules et al (1978} found that both geneti-
cally obese mice and rats have elevated plasma
and piiuitary levels of B-enderphn. Similar findings
have been repcried in the peripheral blood of
obese chiidren and adults (Genazzani et al, 1886
Facchineth of al, 1986, 1987; Giugliano et al, 1988)
Qur data in conjunction with these findings indicate
thal penpheral opioid abnormaiity in PCOD may
be a concomitant ochenomenon associated with
obesity and not related to the pathogenesis of di-
sease.

The physiological significance of elevated f-en-
dorphin levels in ocbese patients with PCOD 15 con-
jectural at this time. It has been shown that B-endo-
rohin stimulates the secretion and glucagon from
the pancreas (Reid and Yen. 1881) Shoupe and
Lobo (1984) demonstrated that hyperinsulinemia
s present in obese women with PCOD. Thus the
elovation of perpherat B-endorphin might be res-
ponsicle for the obesity of PCOD by altenng the
nsulin response 1o food and glucose.

Central opioid activity 15 probably unrelated




to peripheral B-endorphin levels. Petraglia et al
(985) reported that a naloxone induced LH rise
occurs i obese PCOD patients in a manner similiar
to that in normal healthy women ‘whereas naloxone
doecs not elicit the increase in Jplasma LH levels
n normal weight PCOD patients. Recent finding
suggests that the reversal of peripheral ovarian
response induced by treatment for induction of
ovulation may restore this imparred opioid activity
in normal weight patients (Nappi et al, 1989).

The source of peripheral B-endorphin in obese
PCOD patients 15 cbscure. It is well-known that B-
endorphin is released smultanecusly with ACTH
from the antenor pituitary (Guilemin et al, 1977),
The demonstration of dexamethasone-resistant
B-endorphin levels in obese children together with
their cortisol being normally suppressed (Facchine-
ttt et al, 1987) suggests that hyperendorphinemia
in these patienls cannot be considered only as
an overfunclion of the anterior pituitary. Taking into
consideration that human ovarian follicles contain
B-endorphin levels 10 to 15 times higher than in
the plasma (Petragha et al, 1985}, that immunorea-
ctive B-endorphin is present in theca and stromal
cells as well as lutenized granulosa cells (Aleem
et al, 1986). and that the B-endorphin content in
the follicular fluid of polycystc ovary is significantly
higher than in normal ovaries (Aleem et al, 1987),
it may be supposed that a possible release of B-
endorphin from polycystic ovaries in part contribu-
tes to the peripheral pool of B-endorphin,
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effect of this continued exposure upon melanocy-
tes. In & previous study, we studied the effect of
repeated UVR exposure for 2 weeks upon changes
in the number of melanocytes by histochemical
study (Kim and Youn 1988). The result was a signifi-
cant increase in the population of melanocytes.
In the present study, we decided to investigate
the quantitative changes of melanocytes in C57
BL mice upon repeated UVR exposure for 4 weeks
by histochemical study with DOPA method, and
we studied the ultrastructural changes to determing
the subceliular events in melanocytes.

There are various skin reactions aiter exposure
to UVR. There are immediate reactions such as
erythema and pigmentation, and chronic reacticns
such as photocarcinogenesis and photoaging {Ga-
nge 1987). Topical sunscreens have been used
to prevent the harmiul effects of UVR (Pathak 1982).

In a previous study, we studied the effect of sun-
screen upon erythema (Lee et al 1984, Youn and
Youn 1985). Sunscreens also could be used to
prevent pigmentations which are an acute reaction
caused by UVR. But the influence of sunscreens
upon melanocytes after continued UVR exposure
is not definite (Imokawa 1286; Chun 1984). The
foliowing study was undertaken to explore the etf-
fect of UVR on epidermal melanocytes and the
influence of sunsceen by histochemical and ultrast-
ructural study.

MATERIALS AND METHODS

Materials
1. Expermenial animals

The dorsal surface of ear skin of 20-25 gm, 8-
10 week old C57 BL male mice was used. A total
of 30 mice were used in this study. They were
divided into 6 groups according to the duration
of irradiation.
2. Ragiation source

High pressure mercury arc (Burdick Co. USA)
provided radiation of 254, 263, 297, 303, and 366
nm wavelengths (peak output at UVB).

irradiance measurements were made with an IL
700A Research Radiometer {International Light Co.,
USA) fitted with a UVB sensor (SEE 240, Internatio-
nal Light Co. USA)

3. Sunscreen
Five % para-aminobenzoic acid (PABA) cream
was used for sunscreen

Methods
1. UV exposure

The mice had bolh therr ears irradiated daily for
5 days. from Monday to Friday, per week. One
hundred mJ/cm?was exposed daly to the dorsal
skin of the nght ear (Subgroup A). Sunscreen was
applied topically to the dorsal skin of the left ear
15 min before irradiation (Subgroup B).

The mice were divided into 6 groups according
to the duration of wrradiation as follows: Group |
(3 days), Group Il {1 week), Group lll (2 weeks;),
Group IV (3 weeks). Group V (4 weeks), and Group
VI (unirradialed control). UV exposure was done
in the afterncon to avoid diurnal vanation.

2. Skin biopsy and tissue preparation

The skin of both ears was biopsied after UV
light irradiatnon for 3 days, 1 week, 2 weeks, 3
weeks, and 4 weeks

The biopsied specimen was cut into small pieces
and processed for (1) histochemical study and (2)
ultrastructural study.

1) Histochemical study

The whole epidermal sheet was prepared by
means of a split-DOPA technique (Ericksen and
Montagna 1975; Kim and Youn 1988). Epidermal
unfixed lissues were split after incubation with 1N
NaBr sclution at 37C for 2 hours. The split epider-
mis was Incubated with buffered DOPA soiution
at 37C for 2 hours followed by several hours of
subsequent incubation at 4C . The buffered DOPA
solution was composed of 25 ml of 0.1% DOPA
solution, Bml of 0.88% disodium hydrogen phos-
phate, and 2 ml of 0.9% potassium phosphate. The
DOPA preparation was then fixed with 10% formalin
solution and dehydrated by 70% and 99.5% alcohol
solutions and xylol. The skin specimen was moun-
ted on glass slides wilh the dermal-gpidermal junc-
tion facing up and examined with light microscopy.

The number of melanocytes per square milime-
ter (No/mm") was determined using a light micros-
cope (Olympus, Japan) by counting the number
of melanocyles in 10 independent fields in each
specimen. The significance o¢f the results bet-




ween Subgroup A and Subgroup B was examined
by Wilcoxon's matched-pairs signed rarks lest. The
significance of the resulls of the number of melano-
cytes through the duration of irradiation was exami-
ned by the Frnedman Two-way Anova test
2) Ultrastructural study

The specimen for electron MICroscopy was cut
info 1X'1 mm pieces, fixed with 25% giutaraldeh-
yde, postlixed with 1% osmium tetroxide. dehydra-
ted wilth a graded cthanol senes, and embeded
in EPON 812, Thin sections were cut with a dia-
mond knife, slained with uranyl acetate and lead
nitrate, and examined under an electron micros-
cope (JOEL JEM-100, Japan) The specimens for
electron microscopy with DOPA, staining were pre-
pared by the same procedures as those for usual
glectron microscopy, except that the duration of
fixation with glutaraldehyde was 1 hour (usual 2
hours), and the pieces were incubated in the buffe-
red DOPA sclution at 37C for 1 hour and in the
changed fresh buffered DOPA solution at 4C for
several hours (overnight) (Hunter 1970 Jimbow
1971).

RESULTS

The Effect of UVR on Melanocytes
1. Histochemical findings

The irradiated skin contained strongly DOPA-po-
sitive melanocytes with stout dendrites as well as
a clearly increased number of melanocytes com-
pared to the nonirradiated skin. After UVR exposure
for 3 days the number of DOPA-positive melanocy-
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tes increased from 293 + 244 to 1380 + 1163
cells/mm? The number of DOPA-positive melanoc-
ytes mcreased to 3616 + 686 cells/mm? after
T week, 3866 + 732 cels/mm? after 2 weeks,
6331 + 900 cells/mm?after 3 weeks, and 919.7
+ 459 cels/mm? after 4 weeks. During the 4

s @

number of melanocytes/mm?

| Left ear {unprotected)

® ; Right ear {sunscreen)

" " i "
week | week 2 weeh 3 week 4

day 3

Duration of irradiation
Fig. 1. The effect of repeated UVR exposure on
the number of DOPA-positive epidermal
melancytes

Table 1. The number of DOPA-positive melanocytes in repeated UV irradiation

Duration of No. of melanocytes/mm (Mean + SD)
Group

Irradhiation Subgroup A Subgroup B
I 3 day 1389 + 1163 1104 + 773
Il 1wk 3616 + 686 2847 + 1178
il 2 wk 3864 + 732 3779 =+ 678
Y 3 wk 633.1 £+ 900 6006 + 993
v 4 wk 9197 + 459 8106 + 349
Vi Control 293 + 244

* P€0.05, compared to Subgroup A
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