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The rate of cholesterol synthesis is reported to be higher in fetal relative to adult rats. Along with the observation that
maternal diets high in fat and cholesterol are unable to alter the rate of cholesterol synthesis in the fetus, this has been taken
as indirect evidence that the fetal rat meets its cholesterol needs through de novo synthesis. This study quantified the rates
of cholesterol synthesis and accumulation in the liver, brain, intestine, and carcass of the fetal and neonatal rat and the
placenta to determine whether these developing tissues are able to support their own cholesterol needs without the uptake
of plasma lipoprotein cholesterol. The rate of cholesterol synthesis was determined in vivo using [*H]lwater. The rate of
cholesterol accumulation was determined by calculating the difference in tissue cholesterol content between 2 subsequent
days of development. Total fetal body cholesterol synthesis was sufficient to support the rate of cholesterol accumulation.
Fetal and neonatal liver synthesized cholesterol at a rate in excess of cholesterol accumulation, suggesting hepatic secretion
of cholesterol into the plasma. Before the onset of suckling, the rates of de novo cholesterol synthesis in the intestine, brain,
and carcass were also sufficient but not higher than the need for cholesterol accretion. After the establishment of suckling,
the rate of cholesterol accumulation in the intestine and carcass was in excess of synthesis, suggesting that neonatal tissues
derive some of their cholesterol from dietary milk or liver. These studies suggest that the perinatal rat does not require
exogenous cholesterol to support tissue cholesterol accretion. However, the fetal liver may support cholesterol accretion in
other tissues through rates of synthesis in excess of accumulation and secretion into plasma. The placenta may derive some
cholesterol from the maternal and/or fetal plasma.
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HOLESTEROL is required by mammals for the mainte- cholesterol in the late-gestation fe®i$However, the changing

nance and synthesis of cell membranes. In additionpool size and substrate specific activity caused by the lack
cholesterol is an obligate precursor for vitamin D, steroidof steady-state conditions in the rapidly growing fetus and
hormones, and bile acidsHowever, all mammals have the motheP require cautious interpretation of these studies.
inherent ability to synthesize cholesterol within their tissues Low placental transfer of cholesterol to the fetus has also
despite the availability of cholesterol from the diet. Hence, been inferred indirectly by studies of fetal cholesterol biosyn-
there has been much discussion about the relative significandgesis in pregnant rats fed cholestésslit and cholestyra-
of the contribution made to the body cholesterol pool by minel? These studies found that cholesterol biosynthesis in
exogenous sources versus de novo synthesis. This is of partifetal rats was not altered by maternal cholesterol or cholestyra-
ular interest with regard to the role development may play inmine feeding, and the rate of fetal cholesterol biosynthesis was
setting the stage for diseases such as atherosckerasis  higher versus maternal or nonpregnant rat liver. This finding
Smith-Lemli-Opitz syndronfe* and the role diet may play in implies that fetal tissue cholesterol originates mainly from
development. endogenous fetal de novo synthesis rather than placental trans-

Cholesterol in fetal tissues and plasma may originate fromfer.21:1* Alternatively, placental cholesterol transfer may be

fetal de novo synthesis or placental transport from the materndiegulated at a set level independent of the maternal plasma
compartment. Information from studies of radiolabeled choles-cholesterol concentration.
terol transfer have indicated that placental transfer of choles- Some studies have investigated the ability of individual

terol is low, probably accounting for only 10% to 20% of tissues to supply their own cholesterol during development.
The neonatal rat brain has been investigated by assessing the
uptake of D-cholesterol, fed in milk, into the brain and other
o o organs. Results of these studies have indicated that neonatal rat

From the Departments of Pathc.)logy and P.aEd'amCS’ university of y ain synthesizes all of the cholesterol it requires from postna-
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lesterol synthesis to total cholesterol accretion in the skin andUniversity of British Columbia Animal Care Committee and con-
liver was not determined in the latter studies. formed to the guidelines of the Canadian Council on Animal Care.

The use of fH]water to label cholesterol synthesized in vivo ) o )
bypasses many of the problems inherent to many other method8 Vivo Determination of Cholesterol and Fatty Acid
used to assess the rate of cholesterol synthesis. Hepatic hyYnthesis Rates
droxymethyl glutaryl coenzyme A (HMG CoA) reductase isthe  [*H]water administration and tissue collection 1 hour after adminis
rate-limiting enzyme of cholesterol synthesis in the adult rat,tration were performed as previously descriBeBriefly, pregnant rats
but the activity of this enzyme may be uncoupled from choles-Were lightly anesthetizeq w?th ether and received an injection of
terol synthesis in fetal rat livé# Potential differences in the [*Hjwater through the tail vein and were left unrestrained in a fume
recovery of microsomes and in enzyme kinetics among differ-hOOd' One hour later, the rats were again anesthetized with ether and

. . . . the blood, liver, intestine, brain, carcass, or whole body from newborn
ent tissues also limit the use of HMG CoA reductase aCt'V'tyand fetal rats were collected and immediately frozen in liquid nitrogen.

in comparative studies of cholesterol synthesis in differentgyiy tissues were first rinsed in ice-cold saline before freezing. The
organs?? Radiolabeled substrates such a$Clacetate or intestines were additionally flushed of their contents prior to freezing.
[*"Cloctanoate have different patterns of distribution in the Separated tissues were pooled for each litter. Plasma was prepared as
metabolic pools of different tissues, making a determination ofdescribed previousl§t The placentas were collected on postconception
specific radioactivity necessary but problemagig>H]water, ~ days 18 to 21 and prepared similarly.

on the other hand, distributes equally within the entire body Tissue lipids were extractétiand analyzed for®H]2 and for cho-
water pool, allowing determination of the specific radioactivity Iesterq?s_ content t_Jy_pre_cipitating chol_esterol as the digitonide_ followed

of body water through sampling of the plasma once the equ”_by splitting the dlgltonlde.e.md |splgt|ng cholesterol as previously re-
ibration kinetics are determinéd. ported?t The mean specific activity of plasma water 1 hour after

Recently, Jurevics et 2 quantified the incorporation of injectior?! and the ratg of cholesterol synthesis_as nanomoles of
I [®H]cholesterol synthesized per hour per gram of tis3uere calcu-
[*H]water into fetal rat cholesterol and concluded that the fetaloq.

rat synthesizes nearly all of its own cholesterol. In contrast,

Woollet?4 found that only 40% of fetal hamster cholesterol Data Analysis

could be accounted for by fetal tissue synthesis, and SnggeStEdTissue cholesterol accumulation for a given 24-hour period was

that delivery of cholesterol from the placenta and yolk sacgg|cylated as the difference between the mean content on a given day
contributed the remainder. The present report presents thgnd the mean cholesterol content on the preceding day. The standard
results of studies usingfijwater incorporation with a 1-hour error (SE) of the cholesterol accumulation for a given day (9 was
incubation period confirming that the fetal rat does not appeacalculated as
to derive significant cholesterol from its dam, and extends these

findings to show the changes that occur in cholesterol synthesis

during the first 2 postnatal days. We also report for the first time

h £ chol | hesis i ) . where g is the SE of the tissue cholesterol content for a given day and
the rates of cholesterol synthesis in comparison to accretion '% is the SE of the tissue cholesterol content for the preceding day.

the intestine and placenta (without the yolk sac) of the perina- "o paired-sample, 2-tailed test was used to determine significant
tal rat. differences between the amount of cholesterol synthesized and the
amount accumulated in a given tissue for each 24-hour period studied.
MATERIALS AND METHODS '!'hese results wgre mte:rpreted to indicate V\(hether a particular tissue is
) o likely to synthesize sufficient cholesterol, or if the uptake of cholesterol
Chemicals and Radioisotopes from plasma is important for cholesterol accretion in that tissue.tThe
[3H]OH 1 Cilg was purchased from Dupont Canada (Mississauga Statistic was calculated from the mean difference between cholesterol

Ontario, Canada). Enzymatic assay kits for the determination of choSynthesis and accumulation,
lesterol were obtained from Biopacific Diagnostic (West Vancouver,

British Columbia, Canada). All other chemicals were reagent-grade and =29 -
acquired from BDH Chemicals Canada (Vancouver, British Columbia,
Canada) or Sigma Chemical (St Louis, MO). where X, is the mean of the difference between cholesterol synthesis
and accumulation for a given 24-hour period andisSthe SE of the
difference.

The SE of the mean difference for a given 24-hour period was
Female Wistar rats (250 g) were used in all experiments. They wergg|culated as

housed and bred as previously describenid fed a standard laboratory

rat chow (Purina Mills, St Louis, MO) ad libitum. Pregnant rats were Sy = Vm’
anesthetized after a gestation of 18, 19, 20, or 21 days (normal term, 22

days), and the fetuses were delivered by rapid hysterectomy. Neonatathere S is the SE of the mean difference between cholesterol synthesis
rats were killed by decapitation immediately after birth before having and accumulation, Sis the SE of the mean of cholesterol accurmula
suckled, or after normal nursing for up to 48 hours after birth, astion, S is the SE of the mean of cholesterol synthesis, ansl the
indicated in the Results. Fetal and newborn tissue within each littercorrelation between tissue cholesterol synthesis and total cholesterol
were pooled prior to analyses with an n value of 3, 2, 6, 6, 3, and 3content.

litters for gestation days 18, 19, 20, and 21 and postnatal days O Note that this method of determining in vivo cholesterol synthetic
(presuckling) and 2 (postsuckling), respectively. Adult males=(i7) rates minimizes the problems of newly synthesized cholesterol ex-
were killed at 162+ 38 days of age (meart SEM) and 530+ 19 g change between tissues by virtue of the short 1-hour incubation period.
body weight. All procedures were reviewed and approved by theHowever, it does ignore any diurnal variation in cholesterol synthesis.

3
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14 HAAVE AND INNIS

accumulation is performed over a 24-hour period, thereby accounting
for any diurnal variation. However, the cholesterol content of a given
tissue may not necessarily derive from de novo synthesis within that
same tissue, and instead may derive from the uptake of plasma lipopro-
tein cholesterol even if the results with this method indicate no differ-
ence between the rates of cholesterol synthesis and accretion. This
method seems to be the best compromise between these limitations for 0
determining whether perinatal tissues have the cholesterol synthetic T T T T T T T T
capability to support cholesterol accretion during perinatal develop- 8000 - 7
ment.

In contrast, the method of determining the rate of tissue cholesterol 18000 T T T T T T T
150001» /j i
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RESULTS

The rates of cholesterol synthesis were not corrected for
radiolabeled cholesterol cleared from plasma by the tissues, as 0
the short 1-hour incubation time should minimize tissue uptake
of plasma cholesterol. In addition, corrections taking this into
account® made little (0.1% to 1.2%) difference in the calcu-
lated rate of cholesterol synthesis.

The rate of cholesterol synthesis in the fetal liver was con-
sistently significantly higher than the rate of cholesterol accu-
mulation (Fig 1). In contrast, there was no apparent statistical 0 . , 4 L , [ ,
difference between the rates of cholesterol synthesis and accu- 60000 . — . . . .
mulation in the liver on the second day after birth. Further, the?, 50000 [ 9~ synthesis /t i
period from gestation day 21 to the first day after birth indicatesé
a possible net loss of cholesterol from the liver, which could be &
explained by the cessation of nutrient delivery from the pla-
centa and the time required to establish enteral nutrition by2 3
suckling, or by the beginning of bile acid synthesis which © 0 . % '
occurs during this same perié#l. 8 19 20 21 0o 1 5 adult

The fetal intestine appeared to synthesize its own cholesterol days, gestation days, postnatal
at a rate sufficient to meet its needs, without producing excess,
for example, for intestinal lipoprotein synthesis. However, on Fig 1. Liver weight (CJ), cholesterol content (¥), cholesterol syn-
postnatal day 2 significantly more cholesterol accumulated jrthesis/h/g liver (O), cholesterol synthesis/d/liver (®), and cholesterol

: . : . accumulation (A) during perinatal development. Perinatal livers were
the intestine than WaS. SyntheS_IZEd (Flg 2)' ooled for each litter. Neonates < 2 hours old had not suckled. Adult

There was no S_tat|3t'cal dlfferen_ce petween Fhe rates o amples were from nonlittermate rats. Each point is the mean = SEM
cholesterol synthesis and accumulation in the brain at any agenless too small to signify. Statistical differences between choles-
studied (Fig 3). terol synthes_is and _accumul_ation per day per liver for a given day

There was also no statistically significant difference betweertvere determined using a paired-sample, 2-tailed t test (*P < .05).
the rates of cholesterol synthesis and accumulation in the
carcass, except on postnatal day 2, when_ significantly mor%eynthesis proceeds at a rate in excess of the need for cholesterol
cholesterol was accumulated than synthesized. However, th ; " .

. - : accretion. In addition, they show that hepatic cholesterol syn-
actual mean daily accumulation of cholesterol in the carcasg, o . . .

. . hesis in excess of the need for growth continues in the period
was consistently about 2-fold higher than the amount synthe: : : ) ! -
sized (Fig 4) immediately following birth, but then declines as suckling

@ {mg 2). . becomes established. Thus, cholesterol synthesis in fetal rats in

Similarly, the whole fetus was able to meet its own choles-

. . excess of the need for liver growth may be secreted into the
terol needs through de novo synthesis (Fig 4). There was NBlasma for uptake by other developing organs. This interpreta-
statistically significant difference between the rates of fetal? P y ping organs. P

whole-body cholesterol synthesis and accumulation. tion agrees with previous studies showing relatively high levels

In contrast, there was a downward trend in the amount of.Of apolipoprotein .B (apoB) 'mRNA n fgtal rat IlvéP,lndlcqt-
ing that the fetal liver is an important site for the synthesis and

cholesterol accumulation in the placenta over the last 4 days o . o . .

A : secretion of low-density lipoprotein (LDL), the major choles-
gestation. On day 19 of gestation, more cholesterol accumu'ferol-carr ing lipoprotein in fetal rat plasni&34 The intestine
lated in the placenta than was synthesized (Fig 5). ying fipop P ’ '

on the other hand, appears to be a relatively insignificant source
of apoB-containing lipoprotein until at least the day before
DISCUSSION birth.2® This again is consistent with the results of studies
These studies confirm a previous study showing that the fetaherein showing that the intestine does not synthesize choles-
rat is able to synthesize sufficient cholesterol to support tissugerol in excess of need in the prenatal period. Other studies have
cholesterol accumulation, at least during the latter stages a$hown low expression of LDL receptor prot&rand lower
gestation. Further, these studies show that fetal liver cholesterability to bind apoB/E-containing lipoproteins in fetal versus

cholesterof content
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; T T T T T T T sustain its rate of cholesterol accretion. Similarly, rates of
400 |- 1 deuterium (from deuterated water) incorporation into choles-
§> & 300 4 terol appear to be higher in _developing rat brain than in any
; 3 other tissué8 and recent studies by Edmond et3dbund that
£ 2 20r ] D.-cholesterol fed in milk did not contribute to brain choles
Q .
kS 100 F . terol from postnatal day 5 onward. In contrast, Jurevics and
1 l . 1 Morell*4 reported that cholesterol accumulation in the rat ce-
t 1 i i . .
0 ; [ ‘ . . ] , . rebral hemispheres and brainstem, but not the cerebellum, was
8000 |- X A more rapid than the rate of cholesterol synthesis during the first
k5 postnatal week. Others have also suggested that exogenous
£ 6000 - b : ; ;
3B cholesterol can contribute to developing postnatal brain cho-
;E E 4000 |- . lesterol. For example, Dobbi#gfound significant amounts of
2 2000 radiolabeled cholesterol following a single injection of
= - -
° [4-*“C]cholesterol to postnatal rats. Also, there are reported
0 L ' . ' ' L ' ! estimates that as much as 50% of cholesterol accumulation
wlk 7 T T ] between postnatal days 10 and 20 is derived from exogenous
7 a0 L i sources?® Possibly, some of the discrepancies among the find-
z s ings of different studies are explained by developmental
o=
7L e0r N
= e
% £ 40 b
@
g 20 .
° T T T T T T T
0 1 1 L 1 1 ] L 1 1800ﬁ /ﬁ i
1600 T T T T T . 1 T . 1500
o3 1400 —&— synthesis ; £ 5 a0l
" ® A~ accumulation 'g 2
$ c £ 6007 a c %
£ 8B s 2 200t
S8 g s =
w 0 = - -
s E3 400 100 L
‘% § E 200 4 0 1 1 1 { 1 1 L 1
° £ 48000 T T T T T T T T
S ) 1 - 44000F }
18 19 20 21 0 1 2 adult 5
days, gestation days, postnatal § >6 10000 - i/._\,/l——v‘—l j
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Fig 2. Intestinal weight (CJ), cholesterol content (V¥), cholesterol 8 = | |
synthesis/h/g intestine (O), cholesterol synthesis/d/intestine (@), % 4000 |
and cholesterol accumulation (2) during perinatal development. Peri- 2000 - . . ) ) ) , ) )
natal intestines were pooled for each litter. Neonates < 2 hours old 0 i i . | : |
had not suckled. Adult samples were from nonlittermate rats. Each 100 b ' k E
point is the mean = SEM unless too small to signify. Statistical % |
differences between cholesterol synthesis and accumulation per day £ = 80
per intestine for a given day were determined using a paired-sample, _3 £ e0f B!
2-tailed t test (°P < .05). 2 g
3 £ 40t b
Q
5 20 + \ B
. . . . . . I ] 1
adult liver34 with the suggestion that the resulting limited ° : 1 : : [ : : .
delivery of lipoprotein cholesterol to the liver may allow « 800 [ —e— synthesis A
greater availability of plasma cholesterol for other tisstfes. g _ £ o -8+ accumulation
. . . . . . £ 0o o - . T
Similar to the fetal liver, the fetal intestine synthesized € 5 £ -
. . . . w 3
sufficient cholesterol to meet its own accretion needs. How-s E £ 400} :
. . . . . . Q Q [=}
ever, unlike the fetal liver, the fetal intestine did not synthesize3 s E 200 L |
cholesterol in excess of that required to sustain tissue accretiort

Hence, it is unlikely that the fetal intestine secretes cholesterol 0

into the plasma for uptake by other tissues. In contrast to the

fetal period, the increased rate of cholesterol accumulation in

the rat mteSt_'ne _On postnatal day 2 may reasopabl_y be eXpl"’“nedFig 3. Brain weight (), cholesterol content (V), cholesterol syn-

by the contribution of cholesterol from the milk diet. thesis/h/g brain (O), cholesterol synthesis/d/brain (®), and choles-
Consistent with previous studiésthe results of the study terol accumulation (A) during perinatal development. Perinatal

reported here add further support to the belief that the fetaprams were pooled for each litter. Neonates < 2 hours old had not

suckled. Adult samples were from nonlittermate rats. Each point is

brain does not rely on plasma cholesterol for cholesterol accre't_he mean = SEM unless too small to signify. There were no statistical

tion. In a(_jditi_on, t_he present study a_lso suggests that the neGyitterences between cholesterol synthesis and accumulation per day
natal brain likewise does not require plasma cholesterol ter brain for any given day.

days, gestation days, postnatal
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CARCASS BODY carcass in the present study) is derived from the plasma after
7000 T T T T T T T T birth.
6000 — - . )
so00 - | i i The results of the present study show that the accumulation
£ 32 sl ] i | of cholesterol in the placenta proceeded at a rate higher than
2 o . . .
25 000 4 L ] j[hat likely tp be supported by de novo synthesis in the organ
™ 2000 |- 4 L 4 itself. Previous studies have shown that the rat and hamster
1000 |- . - s placenta can take up maternal plasma LBB#Although it has
e ! recently been reported that high-density lipoprotein cholesterol
10000 L in the maternal circulation of mice can influence placental
g 800D 1 - A cholesterol synthesi$,it seems likely that the placenta is not a
§ _eooo b | L 4 net contributor of de novo cholesterol to the fetus during
5 g 4000 L i | i normal pregnancy.
3 < F/*\?/' The method used in this study compares synthesis and ac-
g 2000r 1 " iy cumulation rates of tissue cholesterol over a 24-hour period.
ol— L L The synthetic rate has been extrapolated from a 1-hour incu-
O T T T bation period with tritiated water. Hence, the method assumes
2] L . . . . . . . N .
K] 50 that either there is no diurnal variation in the rate of cholesterol
£3 “or 7 r 7 synthesis or the extrapolation closely approximates the 24-hour
T E 30 7 r 7 mean rate of cholesterol synthesis. Although a diurnal rhythm
@ E oot 4 L 4
©
5 10+ - - B
O 1 1 i i 1 Il ] 1 1 L 800 T T T T
48000 T T Ith T K T T T T lth . T T
o8 —&— synthesis —&— synthesis - [ <
2 ’§44000£ -+ & accumulation 1 F A accumulation 1 'E» —_ 600
25 § 10000 _ g3 D—//’D/Q\Q
w N [ . -
%%gmoo— : B F B g5
558 : 8 E
S8 3T 5000 ; . - . g - 8
3 § % . a 200
2 = 25001 4 - .
© 0 1 1 1 1
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18 19 2021 0 1 2 18 19 20 21 T T T T
gestation postnatal gestation b 8000 i’,,,—"’"—_—_—_—_—_ih_——_——_—" -
DAYS 2
8 B 6000 |- E
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Fig 4. Carcass and fetal body weight ((J), cholesterol content (V), ;% £ 400k 4
cholesterol synthesis/h/g carcass or fetus (O), cholesterol synthesis/ 2 -
d/carcass or fetus (®), and cholesterol accumulation (A) during peri- 5 2000 E
natal development. Perinatal carcasses were pooled for each litter. ) N ) )
Neonates < 2 hours old had not suckled. Each point is the mean = 38 i i — i
SEM unless too small to signify. Statistical differences between ”
cholesterol synthesis and accumulation per day per carcass for a K]
given day were determined using a paired-sample, 2-tailed t test J‘é 5 20r B
(P < .05). There were no statistical differences between cholesterol % %
synthesis and accumulation per day per fetus for any given day. 3 E
2= o B
8
0 1 Il 1 1
changes in the ability of cholesterol to enter the brain, for 1000 . . T \
example, with development of the blood-brain barrier in fats, 3 & ;L it B}
or by methodologic differences, for example, perfusion of the 8 s '§ ‘
. . . - . _‘E ® & 600} ~—e— synthesis -
brqln to remove contaminating plasma prior to analysis. Inter & é : TA - aeeumclation
estingly, similar results for the neonatal lamb have also sug-§ 3 8 4oo| .
. . . . .= [SI
gested that the principle source of brain cholesterol is de novoez ® § 200 | j
synthesis” s 7
1 1 1

Compared with the prenatal period, the rate of cholestero

synthesis in the carcass, as in the liver, decreased while the

19 20 21

days, gestation

cholesterol content continued to increase after birth. This

may be explained by a decrease in de novo tissue cholester

0|Fig 5. Placental weight (), cholesterol content (¥), cholesterol

synthesis in the presence of an increase in exogenous cheynthesis/h/g placenta (O), cholesterol synthesis/d/placenta (®), and

lesterol supply with the progression of suckling. This inter-
pretation of the results in this study is consistent with dat
from Jurevics and Morel? showing that most of the cho-
lesterol for the kidney (included in the analysis of the

a,

cholesterol accumulation (A) during fetal development. Placentas
were pooled for each litter. Each point is the mean = SEM unless too
small to signify. Statistical differences between cholesterol synthesis
and accumulation per day per placenta for a given day were deter-
mined using a paired-sample, 2-tailed t test (*P < .10).
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for cholesterol synthesis has been demonstrated in adult rdhe plasma. The data cannot definitively identify the source or
liver,32 it has not been demonstrated in fetal or neonatal rats. Adestination of any cholesterol possibly imported or exported to
diurnal rhythm for hepatic HMG CoA reductase activity has or from the plasma. In addition, it is possible that some changes
been shown in late fetal livef, but other studies have shown in cholesterol content are due to the utilization of cholesterol
that the activity of this enzyme is not representative of choles<for steroid or bile acid synthesis, which cannot be determined
terol synthesis at this tim&. with the methodology of this study.

Lengthening the period of radioactive water incubation In summary, the results of the studies reported here indicate
would solve the problem of any diurnal rhythm that might exist that the fetal liver, in addition to synthesizing cholesterol for its
in perinatal rats. However, this leads to the problem of radio-own needs, is the only tissue able to supply extrahepatic de-
active cholesterol potentially being exchanged between tissuegeloping organs other than the brain with cholesterol. In con-
through the plasma, thereby vyielding inaccurate results forrast to the carcass and possibly the placenta, the fetal brain and
specific tissue rates of cholesterol synthesis. Given the twantestine both appear to be fully capable of synthesizing cho-
alternatives, in the present study we opted to minimize theesterol at rates sufficient to meet their needs for new tissue
amount of time available for net movement of radiolabeled membrane lipid synthesis.
cholesterol from the sites of synthesis to other tissue compart-
ments, as in similar studiés.

In contrast, the rate of cholesterol accumulation in specific ACKNOWLEDGMENT
tissues was calculated from the difference in tissue cholesterol | ayrie Nicol provided excellent technical expertise. Dr Chet Olson
content between subsequent days of development. Any chang@govided statistical advice. N.C.H. gratefully acknowledges Augustana
in cholesterol content were assumed to be due to changes iniversity College for providing the sabbatical during which these data
endogenous cholesterol synthesis or export or import to or fronwere analyzed.
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