
Inverse Relation Between Low-Density Lipoprotein-Cho 
and Dehydroisoandrosterone Sulfate in Human Fetal Plk 

Abstract. A striking inverse correlation was found in umbilical cord 
tween the concentrations of dehydroisoandrosterone sulfate and low-der 
tein (LDL)-cholesterol but not high-density lipoprotein-cholesterol or v 
sity lipoprotein-cholesterol. Dehydroisoandrosterone sulfate is a maj 
product of the human fetal adrenal and the principal precursor of placer 
production. The data suggest that the concentrations for LDL-cholesi 
plasma are influenced by the rate of utilization of LDL-cholesterol by th 
nalfor steroidogenesis and are not necessarily related to a genetic predi 
hypercholesterolemia or other lipoprotein disorders. 

The monitoring of estrogen concentra- 
tions, particularly estriol, in maternal 
blood or urine is widely used to evaluate 
fetal well-being in high-risk pregnancies. 
However, the mechanisms that control 
the levels of estriol in the maternal circu- 
lation are not entirely clear. Plasma es- 
triol concentrations usually fall precipi- 
tously just before or shortly after fetal 
death, and in many pregnancies the level 
of estriol in the maternal compartment 
correlates well with fetal well-being (1). 
In the placenta, estriol is synthesized 
from the Ci9-steroid 16a-hydroxydehy- 
droisoandrosterone sulfate (16a-OHDS) 
which, in turn, arises by 16a-hydroxyl- 
ation, principally in fetal liver, of dehy- 
droisoandrosterone sulfate (DS), the ma- 
jor secretory product of the fetal adrenal 
(2). At term, the rate of DS production in 
the fetus is 100 to 200 mg per day (2, 3), a 
rate of secretion that is nearly one order 
of magnitude greater than that of the ad- 
renals of adults at rest (4). Plasma estriol 
levels are frequently low in women 
whose fetuses are presumed to be 
"stressed," that is, fetuses that are hy- 
poxic because of decreased uteropla- 
cental blood flow, as in pregnancies 
complicated by chronic or pregnancy-in- 
duced hypertension, severe forms of dia- 
betes mellitus, and other poorly defined 
conditions that cause fetal growth retar- 
dation (1). The enzymatic reactions that 
lead to the conversion of DS to 17/3-estra- 
diol and of 16a-OHDS to estriol, except in 
rare instances of placental sulfatase defi- 
ciency, are not rate limiting in the forma- 
tion of estrogens by the placenta. Pre- 
sumably, therefore, the rate of placental 
estrogen production is related directly to 
the rate of DS biosynthesis in the fetal 
adrenals. If this is, indeed, the case, then 
unlike the stressed adult, the fetus pre- 
sumed to be stressed must show de- 
pressed rather than activated adrenal 
steroid secretion, with DS being espe- 
cially affected. 

In studies of the regulation of human 
fetal adrenal steroidogenesis in vitro, we 
used organ culture as a model system 
and observed that when fetal adrenal tis- 

sue was stimulated by ad 
tropic hormone (ACTH), 
were required for maximurr 
synthesis (5). In particula] 
that low-density lipoproteir 
the plasma lipoprotein mos 
supporting fetal adrenal ster 
High-density lipoprotein 
much less effective, and ver3 
lipoprotein (VLDL) was w 
on fetal adrenal steroidoger 
also found that the human 
has a high capacity to take 
grade 125I-labeled LDL (6) 
ACTH, the obligatory trop 
adrenal steroid hormone 1 
caused a striking increase i 
degradation of 125I-labeled I 
uptake and degradative pro 
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did not differ significantly fror 
normal group. 

lesterol fetal adrenal were similar to those de- 
scribed previously (7, 8) for steroi- 

Isma dogenic as well as non-steroid-produc- 
ing tissues and involved binding of the 

I plasma be- LDL to high-affinity receptors on the cell 
isity lipopro- surface, followed by internalization and 
ery low den- degradation of the lipoprotein. It is in 
or secretory this way that the cholesterol contained in 
ital estrogen the lipoprotein becomes available to 
terol in fetal serve as precursor for steroid hormone 
tefetal adre- biosynthesis. 
spositionfor The concentrations of lipoproteins, 

particularly LDL, in umbilical cord 
plasma of newborn humans are much re- 

Irenocortico- duced compared to those in the plasma 
lipoproteins of adults. Typically, the concentration of 

i steroid bio- LDL-cholesterol in umbilical cord 
r, we found plasma is 30 mg/dl, compared to 125 mg/ 

(LDL) was dl in normal adults (9). After birth the 
t effective in plasma concentration of LDL rises dra- 
roidogenesis. matically, reaching a value of 92 mg/dl 
(HDL) was within 1 year. Many investigators have 
y low density sought to ascertain whether the concen- 
rithout effect trations of lipoprotein-cholesterol in 
iesis (5). We cord plasma of newborns can be corre- 
fetal adrenal lated with the occurrence of familial hy- 

up and de- percholesterolemia or other iipoprotein 
.Moreover, disorders (9). Generally, the results have 

>hic agent in been negative. For example, in a Screen- 
biosynthesis, ing study of 2000 newborns, only 1 of 53 
n the rate of whose LDL-cholesterol concentration in 
_DL (6). The umbilical cord plasma exceeded the 90th 
cesses in the percentile for normal newborns was 

found subsequently to be a heterozygote 
for familial hypercholesterolemia when 

Y= 56970X+154 Y 
56897X+154 tested at 1 year of age (10). Therefore, r = .683 

< .001 the factors influencing the levels of lipo- 
proteins in cord plasma at birth are still 
unknown. 

*' / ~ Since LDL-cholesterol is preferential- 
* / * ly used by the human fetal adrenal for 

steroidogenesis in vitro, we reasoned 
* that LDL-cholesterol is probably used in 

vivo as well. If the rate of utilization of 
LDL-cholesterol was such that only 50 
percent (75 mg/day) of the fetal adrenal 
steroids were derived from LDL-choles- 
terol circulating in fetal plasma, then the 
LDL in fetal plasma would turn over at 
least two times per day in order to supply 
cholesterol only to the adrenal. Such a 

0.04 turnover (200 percent of the plasma pool 
1mg/dl)]1 per day) is vastly in excess of that ob- 

served in the adult (44 percent of the 
ndtviduations 

of 
plasma pool per day) ( 1). Therefore, the ndividual sam- 

The concentra- LDL in human fetal plasma may be regu- 
fthe LDL-cho- lated largely by the rate of uptake and 
ividual plasma utilization of this lipoprotein for ste- 
ts of normal 
thers withse- roidogenesis by the fetal adrenal. To 

:hronic hyper- test this hypothesis, we compared the 
newborns are concentrations of lipoprotein-cholesterol 

i of LDL-cho- and DS in the umbilical cord plasma of 
f mothers with newborns. Lipoprotein-cholesterol and 
;rtension wereD 
ce these values DS were quantified by methods pre- 
n those of the viously described (12); the data were an- 

alyzed by an unpaired, two-tailed t-test. 
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For these studies we used newborns 
from the following groups: (i) normal in- 
fants born of mothers with uncompli- 
cated pregnancies; (ii) infants born of 
mothers with mild pregnancy-induced 
hypertension; (iii) infants born of moth- 
ers with severe pregnancy-induced or 
chronic hypertension; and (iv) anence- 
phalic newborns. Our results are pre- 
sented in Table 1. In normal infants born 
of normal mothers, the value for LDL- 
cholesterol in the cord plasma 
(31.1 ? 1.2 mg/dl) was similar to that 
found by many other investigators (9). 
The value for DS in the same infants was 
2012 ? 125 ng/ml. The values for LDL- 
cholesterol and DS in infants born to 
mothers with mild pregnancy-induced 
hypertension were similar to those in 
normal infants born to normal mothers. 
Concentrations of estriol in women with 
mild pregnancy-induced hypertension 
are ordinarily normal or even slightly 
elevated (13). However, in the infants of 
this study who were born to women with 
severe pregnancy-induced or chronic hy- 
pertension, the concentration of DS in 
the umbilical cord plasma was signifi- 
cantly reduced compared to that in nor- 
mal infants of normal mothers (P < .01). 
On the other hand, the concentration of 
LDL-cholesterol in the cord plasma of 
such infants (48.6 + 4.1 mg/dl) was sig- 
nificantly elevated (P < .001) compared 
to the levels in normal newborns of nor- 
mal mothers. Conversely, the concentra- 
tions of HDL- and VLDL-cholesterol in 
newborns whose mothers had severe hy- 
pertension were not significantly dif- 
ferent from those found in normal new- 
borns of normal mothers. 

Maternal estrogen levels are de- 
pressed (14) and the fetal adrenal is 
markedly atrophic (15) in pregnancies 
with an anencephalic fetus. We mea- 
sured DS and lipoprotein-cholesterol in 
cord plasma of three anencephalic new- 
borns. The mean level of DS in the um- 
bilical cord plasma of the anencephalic 
newborns was reduced to about 15 per- 
cent (357 ng/ml) of that found in normal 
newborns. Correspondingly, there was a 
significant increase in the mean concen- 
tration of LDL-cholesterol in the plasma 
(88 mg/dl) of the anencephalic newborns 
(P < .001, compared to normals). Once 
again, the concentrations of HDL were 
not different from those of normal new- 
borns of normal mothers. Because the 
plasma sample obtained from the anen- 
cephalic newborns was small, the con- 
centrations of VLDL were below the 
limits of detection. Not only was there 
an inverse relationship for the plasma 
levels of LDL and DS in umbilical cord 
plasma when expressed for these patient 
2 MAY 1980 

Table 1. Concentrations of dehydroisoandrosterone (DS) and lipoproteins (expressed as con- 
centrations of lipoprotein-cholesterol) in umbilical cord plasma. The results are presented as 
means + standard error. 

Subject Number DS Lipoproteins (mg cholesterol/dl) 
classification of new- (ng/ml) classification borns LDL HDL VLDL 

Normal 26 2012 + 125 31.1 ? 1.2 24.2 + 1.0 2.3 + 0.3 
Mild pregnancy- 5 1838 + 315 29.5 + 3.9 27.6 + 3.9 4.4 + 1.9 

induced hypertension 
Severe pregnancy- 9 1321 + 205* 48.6 + 4.1t 22.4 + 3.0 3.9 + 1.3 

induced or chronic 
hypertension 

Anencephaly 3 357 + 70t 88.2 + 6.3t 27.3 + 8.2 Undetectable 

*P < .01. tP < .001, when compared to normal. 

groups, but these values correlated in- 
versely when evaluated on an individual 
basis and subjected to linear regression 
analysis (Fig. 1). 

The striking inverse correlation ob- 
served between the umbilical cord 
plasma concentrations of LDL-choles- 
terol and of DS suggests that LDL in hu- 
man fetal plasma is regulated by the rate 
of utilization of LDL by the fetal adre- 
nal. This process can be envisioned as 
follows: under normal circumstances, 
when the fetal adrenal is actively synthe- 
sizing and secreting the placental estro- 
gen precursor DS, the concentrations of 
LDL in the fetal plasma are maintained 
at a low steady-state level. However, 
when the rate of fetal adrenal steroid se- 
cretion is depressed, as in pregnancies 
with an anencephalic fetus or in those 
complicated by severe maternal hyper- 
tension, concentrations of estriol in the 
maternal plasma are abnormally low (1, 
14), and the concentrations of LDL in 
the fetal plasma are increased. Such an 
increase in LDL would be expected to 
occur when utilization of LDL for ste- 
roidogenesis by the fetal adrenal is im- 
paired. When betamethasone, an inhib- 
itor of both maternal and fetal pituitary 
secretion of ACTH, is given to pregnant 
women, the concentration of cholesterol 
in umbilical cord plasma increases (16). 
Others have found that when fetal well- 
being is compromised the concentrations 
of LDL in umbilical cord plasma are fre- 
quently increased (10, 17). This, together 
with our results, suggests that the con- 
centrations of estriol in maternal plasma 
and of LDL in the cord blood of new- 
borns are related by a common factor, 
namely, the rate of utilization of LDL by 
the fetal adrenal. The relation between 
these two parameters is an inverse one. 
Thus, we believe that these results in- 
dicate that the concentrations of LDL in 
the umbilical cord plasma of newborns 
are not accurate predictors of hetero- 
zygous familial hypercholesterolemia or 
other forms of hyperlipidemia. Rather, 
the concentrations of LDL in fetal 

plasma probably reflect the activity of 
the fetal adrenal and thus are regulated 
by the rate of LDL biosynthesis and by 
the rate at which the fetal adrenal uses 
LDL-cholesterol to synthesize C,1-ste- 
roids which are utilized by the placenta 
for estrogen biosynthesis. 

C. RICHARD PARKER, JR. 
EVAN R. SIMPSON 

DAVID W. BILHEIMER 
KENNETH LEVENO 

BRUCE R. CARR 
PAUL C. MACDONALD 

Cecil H. and Ida Green Centerfor 
Reproductive Biology Sciences and 
Departments of Obstetrics and 
Gynecology, Internal Medicine, 
Biochemistry, and Physiology, 
University of Texas Southwestern 
Medical School, Dallas 75235 

References and Notes 

1. J. W. Goldkrand, Obstet. Gynecol. 52, 264 
(1978); I. R. Sarda and R. H. Gorwill, ibid. 49, 
546 (1977); J. H. Duenhoelter, P. J. Whalley, P. 
C. MacDonald, Am. J. Obstet. Gynecol. 125, 
889 (1976); U. Goebelsman, R. K. Freeman, J. 
H. Mestman, R. M. Nakamura, B. A. Woodling, 
ibid. 115, 795 (1973); L. Nachtigall, M. Bassett, 
U. Hogsander, M. Levitz, ibid. 101, 638 (1968); 
V. A. Frandsen and G. Stakemann, Acta Endo- 
crinol. (Copenhagen) 44, 196 (1963). 

2. P. K. Siiteri and P. C. MacDonald, J. Clin. 
Endocrinol. Metab. 26, 751 (1966). 

3. H. H. Simmer, W. E. Easterling, R. J. Pion, W. 
J. Dignam, Steroids 4, 125 (1964). 

4. R. E. Peterson, J. Clin. Invest. 39, 320 (1960). 
5. E. R. Simpson, B. R. Carr, C. R. Parker, Jr., L. 

Milewich, J. C. Porter, P. C. MacDonald, J. 
Clin. Endocrinol. Metab. 49, 146 (1979); B. R. 
Carr, C. R. Parker, Jr., L. Milewich, P. C. Mac- 
Donald, E. R. Simpson, J. C. Porter, Program, 
26th Annual Meeting of the Society for Gyneco- 
logic Investigation, San Diego, California 
(1979), p. 76. 

6. E. R. Simpson and B. R. Carr, Program, 61st 
Annual Meeting of the Endocrine Society, Ana- 
heim, California (1979), p. 218; B. R. Carr, J. C. 
Porter, P. C. MacDonald, E. R. Simpson, in 
preparation. 

7. J. L. Goldstein and M. S. Brown, J. Biol. Chem. 
249, 5153 (1974); M. S. Brown, P. T. Kovanen, 
J. L. Goldstein, Recent Prog. Horm. Res. 35, 
215 (1979). 

8. C. A. Winkel, J. R. Gilmore, J. C. Porter, E. R. 
Simpson, Program, 26th Annual Meeting of the 
Society for Gynecologic Investigation, San 
Diego, California (1979), p. 68; C. A. Winkel and 
E. R. Simpson, Program, 61st Annual Meeting 
of the Endocrine Society, Anaheim, California 
(1979), p. 79; C. A. Winkel, J. M. Snyder, P. C. 
MacDonald, E. R. Simpson, in preparation. 

9. R. R. Fredricks, S. R. Srinivasan, L. S. Web- 
ber, M. C. Ruth, G. S. Berenson, Pediatr. Res. 
12, 858 (1978); C. J. Glueck, P. S. Gartside, R. 
C. Tsang, M. Meillies, P. M. Steiner, Metabo- 
lism 26, 347 (1977); C. J. Glueck, M. J. Mellies, 

513 



R. C. Tsang, P. M. Steiner, Pediatr. Res. 11, 957 
(1977). 

10. T. J. C. Boulton, I. H. Craig, G. Hill, Acta 
Paediatr. Scand. 68, 363 (1979). 

11. D. W. Bilheimer, N. J. Stone, S. M. Grundy, J. 
Clin. Invest. 64, 524 (1979). 

12. Cord plasma levels of cholesterol in low-den- 
sity, high-density, and very low density lipopro- 
tein were determined according to the tech- 
niques of the National Institutes of Health, Man- 
ual of Laboratory Operations Lipid Research 
Clinics Program [Lipid and Lipoprotein Analy- 
sis, U.S. Department of Health, Education, and 
Welfare, Publ. No. 75-628 (1974)]. The levels of 
DS in umbilical cord plasma were determined by 
radioimmunoassay [J. E. Buster and G. E. 
Abraham, Anal. Lett. 5, 543 (1972)]. 

13. L. Nachtigall, M. Bassett, U. Hogsander, M. 

R. C. Tsang, P. M. Steiner, Pediatr. Res. 11, 957 
(1977). 

10. T. J. C. Boulton, I. H. Craig, G. Hill, Acta 
Paediatr. Scand. 68, 363 (1979). 

11. D. W. Bilheimer, N. J. Stone, S. M. Grundy, J. 
Clin. Invest. 64, 524 (1979). 

12. Cord plasma levels of cholesterol in low-den- 
sity, high-density, and very low density lipopro- 
tein were determined according to the tech- 
niques of the National Institutes of Health, Man- 
ual of Laboratory Operations Lipid Research 
Clinics Program [Lipid and Lipoprotein Analy- 
sis, U.S. Department of Health, Education, and 
Welfare, Publ. No. 75-628 (1974)]. The levels of 
DS in umbilical cord plasma were determined by 
radioimmunoassay [J. E. Buster and G. E. 
Abraham, Anal. Lett. 5, 543 (1972)]. 

13. L. Nachtigall, M. Bassett, U. Hogsander, M. 

Various pharmacological (I) and bio- 
chemical (2) studies support the exis- 
tence of multiple opiate receptors. Dis- 
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capacity of high-affinity opiate receptor 
sites. Low concentrations of protein- 
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lower agonist binding by destroying pre- 
dominantly high-affinity agonist binding 
sites (3, 4). 

Irreversibly acting drugs can often be 
used as probes for characterizing the 
functional correlates of receptors. The 
opiate antagonist chlornaltrexamine and 
the agonist chloroxymorphamine appear 
to act irreversibly (5). Naloxazone is a 
monosubstituted C-6 hydrazone deriva- 
tive of naloxone (Fig. 1) (6). In the pres- 
ent study, we show that naloxazone 
blocks high-affinity binding of 3H-labeled 
opiates selectively and irreversibly in 
vivo. Since naloxazone markedly attenu- 
ates morphine analgesia with little effect 
on the lethality of narcotic overdose, it 

may prove possible to identify highly 
analgesic opiates, acting at high-affinity 
sites, that have a lesser potential for le- 
thal effects and are mediated via low-af- 
finity receptors. 
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Each animal received only one injec 
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(1968). the molecular weight of 341; elemental 
M. Ma- 

analysis of C (66.61); H (6.90); O (14.36); 
(1956). N (12.13) compared favorably to the the- 

n, Acta 
vdiatrics 'retical value for C1gH2303N3 (C, 66.84; 

976); H. .?976);H .:iV79; 0, 14.06; N, 12.31). Nuclear 
Karpo- magnetic resonance showed a downshift 

son for of 0.17 part per million for the hydrogen 
editorial at C-5. Infrared spectroscopy showed 

tesearch disappearance of the ketone absorbance 
I-RO1- at 1700 cm-' of naloxone, and a positive 

test with trinitrobenzylsulfonic acid in- 
dicated the presence of free -NH2. Thin- 
layer chromatography of naloxazone 
yielded a single spot with an RF of 0.74 
on silica gel (chloroform, methanol, and 
concentrated ammonium hydroxide at 
132:12:0.9) and an RF of 0.44 on alu- 
mina (chloroform and methanol at 9:1). 
The RF of naloxone was 0.86 in the silica 

)xone, gel system and 0.74 in the alumina sys- 
-educe tem. 
e-than Solutions of naloxone or naloxazone 
es are in 0.9 percent NaCI were made with gla- 
azone cial acetic acid (final pH, 7.0) and inject- 
es not ed subcutaneously into the back of the 
opiate neck. Binding assays were performed as 
's. previously described, using extensive 

washing techniques that have been dem- 
of hy- onstrated to remove reversible ligands 
odium (4). The effects of naloxazone on mor- 
prod- phine analgesia were examined by treat- 

ter re- ing mice with naloxone, naloxazone, or 
nd pe- saline, giving them various doses of mor- 
of free phine sulfate, and testing them with the 

were tail-flick assay (7); morphine lethality 
wed a was determined through intraperitoneal 
charge injection of high doses of morphine sul- 
ling to fate in groups of mice treated in the same 

manner. 
Opiate receptor binding assays in vitro 

eath in show that naloxazone competes with 
e. Mice both the narcotic agonist [3H]dihydro- e were 
orphine morphine and the antagonist [3H]nal- 
rs were oxone. The inhibition constant of nal- 
assay. oxazone for both the [3H]naloxone and 

:tion of [3H]dihydromorphine binding sites is 
red in- 2 to 4 nM (four replications with 10 to 20 cy was 
tion as percent variation) and is unaffected by 
3 to 5 either sodium or manganese ions. In the 

experiments, single concentrations of 

the 3H-labeled ligands were used, with 
no separation of high- and low-affinity 

azone sites. Since sodium ions decrease agonist 
ig/kg) inhibition of [3H]naloxone binding and 
Death manganese ions increase it (3), the ab- 

sence of any effect by these ions sup- 
ports naloxazone's antagonistic charac- 
ter. 

One day after the subcutaneous injec- 
tion of naloxazone (200 mg/kg), [3H]- 
naloxone binding in whole brain mem- 

(1968). the molecular weight of 341; elemental 
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analysis of C (66.61); H (6.90); O (14.36); 
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layer chromatography of naloxazone 
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charge injection of high doses of morphine sul- 
ling to fate in groups of mice treated in the same 

manner. 
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eath in show that naloxazone competes with 
e. Mice both the narcotic agonist [3H]dihydro- e were 
orphine morphine and the antagonist [3H]nal- 
rs were oxone. The inhibition constant of nal- 
assay. oxazone for both the [3H]naloxone and 

:tion of [3H]dihydromorphine binding sites is 
red in- 2 to 4 nM (four replications with 10 to 20 cy was 
tion as percent variation) and is unaffected by 
3 to 5 either sodium or manganese ions. In the 

experiments, single concentrations of 

the 3H-labeled ligands were used, with 
no separation of high- and low-affinity 

azone sites. Since sodium ions decrease agonist 
ig/kg) inhibition of [3H]naloxone binding and 
Death manganese ions increase it (3), the ab- 

sence of any effect by these ions sup- 
ports naloxazone's antagonistic charac- 
ter. 

One day after the subcutaneous injec- 
tion of naloxazone (200 mg/kg), [3H]- 
naloxone binding in whole brain mem- 
branes was reduced by 40 percent. Bind- 
ing remained reduced despite several 

3/7 washings, resuspension, and incubation 
10/16 at 37?C to remove any drug only 
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Opiate Analgesia: Evidence for Mediation by a 

Subpopulation of Opiate Receptors 

Abstract. Naloxazone, a hydrazone derivative of the opiate antagonist nalc 
has a high affinity for opiate receptor binding sites. Naloxazone injections r 
opiate receptor binding to extensively washed mouse brain membranes for mor 
24 hours, suggesting that the effect is irreversible. High-affinity binding site 
abolished by this treatment, whereas low-affinity sites are unaffected. Nalox 
treatment blocks the analgesic effects of morphine for at least 24 hours but do 
prevent death from high doses of morphine. Thus analgesic but nonlethal ( 
effects may be mediated by the high-affinity subpopulation of opiate receptor 
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