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SUMMARY

The present study was undertaken to define the umbiiical cord plasma
concentrations of cholesterc] throughtut human gestation, Mixed arterial and
yenpus cord plasma samples obtained from aboriuses of women undergoing elective
abortion or from infants of women who underwent spontancous premature vaginal
dalivery, and from infants of women who delivered vaginaily at term were
assayed for cholesterol by a micep-enzymatic method. No cases that inwelved
any maternal or fetal complications [other than prematurity] were included in
this study. Early in gestation [10-16 weeks post-conception), the total
cholesters] lavel in cord plasma was 85.4 + 30.7 mg/dl {mean + 50}, n = 6&,
with the cholesteral levels in some samples falling within the range of those
of adults. Between 16.5 and 20 weeks post-conception, the umbilical cord
plasima cholesterol level declined to 39.9 = 21.0 mg/dl, n = 19 (P < 0.001}.
The cholesterol concentration in umbilical cord plasma then rose te 67,8 £ 24.0
myfdl, no= 17, [P < 0,001} betwgen 26.5 and 32 weeks of gestation. Thereafter,
a sccand decline in the umbilical cord plasing cholasterol Tevel ogcurred, with
the values at 32.5-36 weeks being 58.4 & 13.6 mgsd] (n = 18}, and at 36.5 to
13 weeks post-cenception (term) being 51.4 £ 11.5 ma/dE, b= 48 (P < 0.01 vs.
26.5-32 wks). We suggest that the cbserved changes in fetal choelestevo] levels
cauld be related to alterations during development in the rates of 1ipoprotein-
cholesterol biosynthesis and subseguent ¢learance from plasma by the fetal
adranals wherein cholesteral §s used as substrate for steraid bigsynthesis.

IHTROBUCTION

A definition of the genetic and nuteitional regulation of chalesterpl syn-
thesis and metabolism 15 believed to be of signal importance in the development
of vational appreaches in the prevention of arteriosclerotic cardiovascular
disorders. Generally the levels of cholesterol in plasma of adult humans are
higher than those in plasma of other mammalian species with the exception af
aguatic mammals and hibernators (7,22). These differences are due primarily
to higher evels of low density lipoprotein (LDL) in humans; im man LDL is the
principal Tipoprotein for delivery of cholastera] to extrahepatic tissues [18).
The levels of cholesterpl, and in particular those of LOL-cholesterol, im
cord blood of human newborns are much Tawer than those of adults (16,15,16}.
However, the levels of cholesternl in plasma rise rapidly during the first
few weeks of postnatal 1ife (11,12,14,31} and continue to rise progressively
throughout adulthosd inte middle age (19}, It has been presumed that the
rise in cholesterc] levels after birth was due to the commencement of aral
feeding and thus was attributable to dietary cholesterol. As a straightforward
extrapalation of these findings, it might have been anticipated that during
human fetal development, plasma cholestersl levels early in gestation would
be lower than those found at term and would rise progressively throughout
intrauterine life. However, Ginsberyg and Zetterstrom [12) and Anderzon and
Friis-Hansen [2) found that cholesterol levels in fetal plasma before 37
weeks of gestation were higher than those present after this fime of gestation.

Several investigators (4,10,15,16) heve attemptaed to ascertain whether
levels of cholesterol and lipoprateins in cord plasma of term newborns were
predictive of a predizposition to hypercholesterolemia or cardiovascular
diseaze in later 11fe, Such effgrtc have met with 1ittle success. Dne reason
Tfor this failure is that the steroidegenic activity of the fetal adrenals
appears to be an important determinant of the levels of LDL-choiesterol in
hwman fetal plasma. The human fetal adrenals synthesize large quantities
of steroid hermones, particularly dehydroiseandrosterone sulfate (03) which,
in turn, serves as precurspr for placental estrogen formation {27). One
major source of precursor for human fetal adrenal steroidogenesis appears to
be LOL-chelesternl in fetal plasma [5,5,23). We have shown previously that
an inverze relationship exfsts between the stercidogenic activity of the
fetal adrenals and the concemtration of total- and LOL-chalestersl in the
fetal ptasima of tewn infants boen of normal and complicated pregnancies {23).
Furthermore, the aforementioned rapid rize in plasma cholestersl during the
first few woeks of postnatal Tife is correlated well with the rapid fnwclution
of the fetal zone of the adremal cortex (26,281, It 43 1ikely, therefore,
that the rate of steraidogenesis by the human fetal adrenal glands is am im-
partant determinant of the levels of cholestere] in human fetal plasma.
Conversely, the availability of circulating cholesteral in the fetus may play
an important rale in pregrancy-naintenance, by means of serving as substrate
for adrenal steroidogqenesis, in addition te its importance in the orderly
growth and development of the fotus. For these reasons we sought, in the
present study, to define the developmental changes in the levels of chalesteral
in human fetal plasma throughout normal gestation.

MATERIALS AHD METHDDS

The study group consisted of abortuses of women yndergoing elective
abortion for sgcig-cconomic reasons [ < 22 weeks post-conception), infants
af women who underwent spontanecus premature vaginal delivery, and infants
of women who delivered vaginally at term. HNo cases that involved complica-
tions of delivery (other than prematurity], maternal illness, fetal abmorma-
lities, or multiple births were in¢luded in this study. A1l newborns were
Judged to be normal based upon the findings of a thoraugh examination at
delivery and abortuses were judged to be normal based upan findings at
autgpsy. Hmbilical cord blocd samples of abortuses were obtained in accor-
dance with the Donors Anatomical Gift Act of the State of Texas after censent
in writing from the women to be ahorted was obtained. A consent form and
and protocol approved by the Human Research Review Committee of the University
of Texas Health Science Center at Dalias, Dallas, Texas was used in the caze
of umbilical cord blood zamples from newhorns.

Unbilical ecord blosd samples (fetal portion of cord) were chtained within
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1-3 minutes after delivery with the exception of a few instances wherein blood
was obtained from fetuses within 20 minutes after abortion hysterectomy. 1In
arder 1o prevent pessible contamination of fetal blopd by maternal bloed,

the mmbilical cord was doubly clamped, rinsed, severed, and blood was then

ol lected directly by capiliary flow into heparinized microhematpcrit tubes
[seientific Produtts) and centrifuged in a micro-capillary cemtrifuge (IEC
Model MBY. Otherwise, blood was drained from the wibilical cord into fubes
that contalned EDTA as anticoagulant. Plasma was collected following certri-
fugation. A1 plasma samples were stored at 4 °C and were analyzed within

ene week of collection. The analysis for total chalestersT was conducted by
use of a Beckman Cholesteral Analyzer 2 {Beckman Instruments, Inc.},

according £o a madified wmicroenrymatic method based upom exygen consumpticn
{3). With this methed, only 5-10 gl of plasma is required. Normally. samples
were analyzed in duplicate, but sometimes, as in many cases in the samples of
the < 22 weeks gestational age group, it often was possible to amalyzc only

a single aliguot because of the small volume of plasma collected. No syste-
matic difference in cholestersl level was noted between blogd samples callected
in heparinized tubes and those collacted in tubes containing EDTA.  The inter-
azsay coefficient af variation for cholesterol levels in a pool of cord piasme
was 4.14. The intraassay coefficient of variatfon for plasma samples with
cholesternl concentrations ranging from 40 to 203 mg/dl was found consistently
te be less than 168, As a test of the acguracy of the method, a pool of cord
Flasma derived frem normal newbarns delfvered of normal mothers at term was
assayed with this technigue 2nd alse assayed by another laboratory using a
modification of the Liebermann-furchard method {30). The cholesters! levels
that we obtained with the Beckman Chplesterol Analyzer 2 and the microenzymatic
method (48,7 + 4.7 mg/di. mean * 5D} were similar to those obtained using this
other methpd (49,9 + 0.7 ma/dl).

Data for several gestational ages {weeks poast-conception) were growped
and were analyzed using the Mann-Whitrey U test. Differences betwean groups
were considered to be significant at P <0 0.0B.

RESULTS

The data obtained are illustrated graphically in Figure 1. The somewhat
unexpected finding was that an a?parent‘ly biphasic pattern exists in the
Tevels of cholesterel in fetal plasma during gestation. The most striking
finding was that in early gestation, high levels of cholesterol were presant
in fetal plasma, the values in some cases being within the range of values
for cholesterol in plasma of aduit humans. Between the gestational ages of
10 and 16 weeks post-conception, the total cholesterol concentration in
umbilical cord plasma [ n = 68} was 85,4 = 30,7 mg/dl (mean = SD], with the
cholesterol concentrations in some individual samples being as great as 140
wgfdl. At later gestational ages the levels of cholesterol were signficantly
less (P < 0.001), viz., 39.9 + 21.0 wg/d] between 16.5 and Z] weeks post-
conception {n = 19F. 5ti11 later in gestation, the plasma cholestere] levels
were higher, yiz,, 67.8 + 5.8 mg/di, n = 17, betwsen 26.5 and 32 weeks post-
conception (P < 0.03). From 30 weeks of gestation through term, the plasma
cholestera] concentrations were again lower. The cholesterol levels at
32.5-36 weaks of gestation (n = 18], were 58.4 % 13.6 mg/dl, and at 36.5
o 40 weeks {n = 447, wave 51.4 £ 11.5 mg/dl, a value significantly Tower
{P < 0.03) than that observed between 26.5 and 32 weeks of gestation,

DISCUSSION

In the current study, we found marked fluctuations in fetal plasma
cholesters] levels during gestation. Although a potential infiuence of the
made of delivery on the ebserved levels of chelesterol during various gesta-
tional periods cannot be totally ruled out, we propose that the ontogenctic
changes 1n the levels of total cholesterel in fetal plasma tikely ara, in
part, reflective of the relative rates of synthesis and wtilization of
cholesterol by the fetal liver and adrenal, respectively. We previously
have shown that of the various organs fn the hutman fetus, the Tiver and
adrenal synthesize cholesterol at the highest rate (Carr and Simpson, un-
published observations), whereas the adrenal appears to utilize plasma
cholesternol, in the form of LDL, at a rate greatar than any other tissue (6},
It follaws therefare, that the high concentration of cholestera] in fetal
plasma in early gestation may be due to a rapid rate of lipoprotein-cholesterol
binsynthesis in the fetal liver, which, Tike the fetal adrenal, is extremely
active in the synthesis of cholestersl (13,29). Since the wnbilical cord was
carefully cleanied prier to blpod sampting, it is not likely that direct con-
tamination of fetal blood by maternal bleod occured during these studies.

Caincident with the initial fall in cholesterol levels during the peried
of 12 to 20 weeks post-conception, there is a 10-fold increase in the size of
the Tetal adrena] (28], The fetal adrenal takes up and degrades LOL-
cholestera] {6} and the liberated chelesterol 15 used in the synthesis of
steroid hormones, most notably DS {B}. Thus, the rapid growth of the adrenal
and the attendant increase in steraidogenests cowld account far the depletiom
aof plasma cholestergl at mid-gestation. In support of this hypothesis is the
finding that the plasma cholesterol levels in prematurely delivered anence-
phalic newbarns, in whom the adrenal is atrophied and secretes =mall guanti-
ties of steroid (23,247, are significantly greater than in normal fetuses
during this pericd af dewalopment [Pevker et al., unpublished ohservations).
Following a nadir at 16-20 weeks of gestation, the plasma cholestere] levels
vise through about 32 weeks post-conception. The weight of the fetal liver
triples between 20 and 32 weeks and thereafter the rafe af growth of the fatal
liver declines [25]. Thus, the rate of synthesis af lipoprotein-cholesterol
during this gestational period 1ikely exceeds its rate of utilization by the
fetal adrenal.

The second decrease in fotal plasma chelestere] levels is that which
pocurs near term. A slnilar decline in plasme chalestere] Tevels near ferm
has been documented by others £2,12). This progressive fall in fetal plasma
cholestero] might be explained by the accelerated utilization of cholesteral
by the fetal adrenals that are enlarging rapidly at this stage of gestation,
& time when the rote of growth of the fetal Tiver is declining, Coincident
with the decline in fetal plasma cholesterpl Jevels during the last few weeks
af qestation therc is a marked increase in the level of estriel in maternal
plasma {9,17). Esteiol i3 synthesized in the placenta principally from fetal
rlasma 16e-hydraxydehydroiscandrosterane sulfate which, in turn, is formed
from DS secvetsed by the Tetal adrenal (27). Consistent with the wypolhesis
that the gragressive decline in fetal plasma cholesterel levels near tern is
dug to accelerated clearance of LOL-cholesternt through fetal adrenal utili-
zation in steroid formation are the findirgs of Pavker et al. (23], They
foynd that the concentrations of total and LOL-tholesteral in plasma af term
newborng were related iaversaely to the umbilical cord plasma concentration
of the fotal adrenal estrogen precursor, 1.e., D3, Tn addition, exceptionally
high Tevels of chelesteral and very low Tevels of DS were found in plasme of
anencephalic newbarns delivered at term (23,24]. An analooous situation has
been abserved in the case of adults. Leitchter and Daughaday veparted the
finding of massive steroid secretfan and severe hypocholesteralemia in a



woman with a large, benign adrena) aderoma {213,
cholestern] Tevels promptly returned to novnal. Conversely i+ was shown by
I1Tinguorth et al. (EUE that BLTH-stimulated cortisol and Lyg-steraid secve-
tion were impaired in a person with abetalipoproteinemia,

After removal of the tumer,

The chalesternl comcentrations in umbilical cord plasma of normat new-
horns near tern that we found Tn the current study are lower than those re-
ported by other investigators (4,10,17,14,18).  Although it is known that the
several methods for cholestere]l determination are vardiably affected by many
factors (18), we canclude that the difference between ocur results and those of
others is not attributable wholly to methodological differences. The newbarns
from whom plasma was obtaircd in this study as well as their mothers were
screened carefully to exclude any abnormal newborn and any mothers with
medical complications. Others have reported unexplained elevations in
chotesterel and triglyceride tevels in newborns delivered of women with
certain complications of pregnancies (1,8] and in newborns of women treated
with betamethasonc (Z). Furthermore, we have shown previously that maternal
chronic hypertension, pregnancy-induced hypertension, ang diabetes agre
associated with elevations in ¢ord plasaa levels of total and LOL-cholesterc],
presumably a5 the result of depressed stilization of LOL-chglesteral by the
fetal adrenal as stercid substrate (23,24). The blood samples obtained from
newborns between gestational ages 24 and 36 weeks were from preanancies de-
livered after the spontansous onset of premature labor in otherwise norial
pregnant women, This group of newhorns was chasen since, as cited abpve, it
i3 known that the plasma chelestero]l values are altered in newborns of mothers
with complications of pregnancy that threaten fetal weli-being. e cannot be
sure that spontanegus premature labor is aot asseciated with alterations in
fetal plasma cholestere] levels. However Trom the findings of this study it
is clear that the cholesterol levels in infants born prematurely are lower
than in those electively delivered prematurely because of maternal disease
{Parker et al., unpublished observations].

Tn summary, cholestercl levels in human fetal plasma early in gestatiaon
are extranely high, compared to those found at term. Indeed the concentration
of cholesteral early 1n gestation is simflar to that found n adults, Swb-
sequently cholesteral levels in fetal plasma falt until 20 weeks post-concept-
ion.  This nadir fn fetal plasma cholesterc] levels 95 followed hy a secondary
rise and thence a second decline beginning at about 30 weeks past-vonception
and persisting until term. These changes in fetal plasma cholesiercl Tevels
may be explained, 1n part, by alterations in the rate of Miosynthesis of Tipe-
protein-choiesterol, presumably in the fetal liver, and by the rate of LOL
clearance fyom plasma principally by the fetal adremal whereln cholesteral is
utilized a5 substrate for the biosynthesis of large amounts of steroids,
particularty D5,
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