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SECTION : ·. - VII LIPID METABOLISM 
IN THE FETUS AND 
NEWBORN 

MARGIT HAMOSH 

This section .iims to provide the re.ider with recently 
.icquin•d inform;ition on 111.iny topics concerning lipid trans­
port ,1ml met.ibolism in lhl' pl•rinat.il pL'riod. Sl'vl'r,11 .:h.ipll'rs 
address specifically the feta! period, covering the subjects of 
pl.icent.il trnnsport of folly acids and ketone bodies, lipid 
accretion in the fetus .ind neon.ite, as well as fat c.it.ibolism. 
lkc.iuse of the import.ince of lipids in growth in genernl (.is 
building blocks of lis~UL' cells .ind .is a 111.ijor energy source 
of the nl'wborn) .ind in the specific development .ind fun.:­
tion of speci.ilized organs such as the brain and retina, 
sevL•rnl ch.ipters .iddress thl'SC topics. 

The need to maint.iin very low-birth weight infants on 
p,1n•nter.il nutrition led to the development of lipid emul­
sions simil.ir in structure and composition to naturally pro· 
duced chylomicrons. Although, in general, these lipids ;ire 
well tolerated, there .ire clinical complications in some in­
fants. Therefore, two chapters of this section address this 
specific topic. We hope th;it this section will be informative 
;is wl'II .is thought provoking, thus contributing not only 
new infornrntion but also stimul;iting further research in this 
interesting field. 

Chapter 25 Placental Transport of Free 
Fatty Acids, Glycerol, and 
Ketone Bodies 

EMILIO HERRERA, MIGUEL ANGEL LASUNCION 
and MIRYAM ASUNCION 

LIPID METABOLISM IN THE MOTHER AS 
SOURCE OF FREE FATTY ACIDS, 
GLYCEROL, AND KETONE BODIES FOR 
THE FETUS 

Dming the first pilrt of gest.ition, there i; fot .iccumul;iti(111 
in the 1110tlwr' ' th,1t is sust.iirwd by the combined l'ffl'cts of 
hyperph.igi.i, enh.inced lipogenesis, and unmodified or even 
increased t•xtr,1lll•patic lipoprotcin lipase ,ictivity. '· • ThL• kn-

Atk11,,,l'fr,f.~111l'11t,: l'n.•i,;l•nt work ,,-.is c;irril•d out in i1<1rt with 11 gr.1nt fn1m 
the U.S.-Sp.iin Join I C11mmilh•,· for Scientific nnd T,•chnolo~icnl Cooperation 
(No. CCA·8:\IOll)(,J). 

dency to accumul.ite fat ceases during late gest.ition' ' ' " 
bemuse the m;itcrn;il lipid mclilbolism changes to a rntabolic 
condition as shown by incre.ised adipose tissue lipolysis· ' 
and reduced upt.ike of circulating triglycerides. • The reduced 
upt.ike is secondary to decreases in .idipose tissue lipopro­
tein lip.ise act, vity,"' D which are un;iccomp.inied t y a ch.ingc 
of the enzyme ;ictivity in the skeletal muscles." Thcsl' 
ch;inges, together with hepatic overproduction of 
triglycerides''-'0 and the enhanced absorption of diet.irv 
lipids'" are responsible for the marked progressive increase 
in maternal circulating triglyccrides occurring during late 
gestation.••'" Major changes in maternal lipid metabolism 
are summarized in Figure 25-1. This figure demonstrates 
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MATERNAL LIPID METABOLISM 
AT LATE GESTATION 

the changes occurring in adipose tissue, liver, and intestinal 
activity which are responsible for the physiologic increase 
in circulating free fatty acids (FFA), glycerol, and triglycer­
ide-rich lipoproteins (VLDL and chylomicrons) during late 
gestation. If the pregnant woman is adequately nourished, 
her ketosis is not different from that in nonpregnant sub­
jects.2s.i• 

With the exception of glycerol used in gluconeogenesis •• " 
and the circulating triglyceride uptake by mammary gl,ind 
prior to parturition, 11 · ,, no part of the increase in circulating 
lipidic components seems to directly benefit !1er nwt.ibolic 
needs. This increase, how••ver, may benefit •.:1e felus since 
this part of the gestational period coincides with the rate of 
maximal fetal accretion, a time when the substrate, metabolic 
fuel, and essential component requirements of the fetus are 
greatly enhanced. The lipid component may also constitute 
ii "floating" fuel store for both mother and fetus, easily 
accessible under conditions of food deprivation, and explain 
the well-known finding of enhanced ketogenesis in the 
mother under fasting conditions.2'· ,,. ,,. ' 3 This hypothesis is 
supported by data demonstrating an increased arrival of 
FFA in the liver as a result of greatly enhanced adipose 
tissue lipolysis'· • and by studies reporting an increase in 
liver LPL activity"· :i. which would facilitate the maternal 
liver using circulating triglycerides as ketogenic substrates. 

The enhanced ketone body arrival in fasted m.itemal 
tissues allows the ketone bodies to be used as metabolic 
fuels and may spare other more limited and essential sub­
strates, such as amino acids and glucose, for transport to 
the fetus. The fetus also receives maternal ketone bodies 
through the placenta, and their use plays an important role 
in feta! metabolic economy under conditions of maternal 
iood deprivation. Augmented lipolytic activity also increases 
maternal circulating glycerol levels.'" Glycerol can be used 
as a gluconeogtmic substrate" ,rnd therefore contribute to 
the maintenance of feta! and maternal glucose production. 
Metabolic adaptations found in the mother during starvation 
arc su nmarizcd in Figure 25-2. 

Transfer of Llpldlc Products to the Fetus 

This section focuses on. the mechanism and control of 
pl,1cental lipid transfer. Understanding FFA, glycerol, and 

Figure 25-1. Summary of major changes in materr.al 
lipid metabolism at late gestation. FFA = free tatty 
acids: TG-RICH LP = triglyceride-rich lipoproteins; TG ~ 
triglycerides; MG ~ mammary gland: VLDL ~ very low 
density lipoproteins: Glyc = glycerol. (Adapted from 
Herrera E, Gomez-Coronado D, Lasuncion MA: Lipid 
metabolism in pregnancy. Biol Neonate 51 :70-77, 1987. 
S. Karger AG, Basel.) 

ketone body placental transfer as well as their respecti\'e 
metabolic fates in the fetus provides an insight into lhL' 
effect on the fetus of these persistent increments in maternal 
circulating lipid levels. 

Figure 25-3 summarizes the comparison of plasma levels 
of these met~bolites in virgin as well as 24-hour iasll•d late 
pregnant rats and their iL•tuses. When•as fot,11 HA .ind 
glycerol k•vds ,UL' presL'lll in murh lown conrt•11tr,1tin11s 
than in their mothers, J...ctone bodies are fuund in sirnildf 
amounts in the fetus and mother. ThcSL' m.itern,11-fl'l.il 
conccntr.ition differences relkct tlw dfidenry or magnitude 
of the placental transfer process. 

Matcrnal-fetal nutrient transfer through the placenta may 
be accomplished by means of different mechanisms, includ­
ing facilit,1ted diffusiL>n, active transport, and simple diffu­
sion.""' Simple diffusion SL'L'ms lo liL' Lill' l·nm111011 ,111d 
unique mech,mism for the lipidic-derived moieties, ;ilthough 
some specific and differential aspects must be considered. 
Simple diffusion is carried out from a high to a low concen­
tration region, and the rate oi movement is directly propor­
tional to the concentration gradient as described by Fick's 
law: 

J = D de 
dx 

where J is the lr,111sfL•r ralt•, IJ lhL• diffusion codficient, ,1nd 
dc/dx the chemical gradient. The rate of tr,1nsfor is therefore 
a direct function of the concentration gradient and decreases 
with molecular size and hydrosolubility. ,., In the spL•cific 
condition of the placental transier, therL' arc other f.ictors 
that also participate in the efficiency of nutrient transfer,•··•• 
such as the uterine and umbilical blood flows, the intrinsic 
placental metabolism (utilization versus production), ,1nd 
structural charnclL•ristics of till' pl,1et•nt,1I b.irril'r. As mi~ht 
be expected, some of thesL' f.ictors, such as blood flow, 
affect the transfer of any nutrient crossing by p,1ssivc di/fu­
sion in a sir 1ilar fashion but other factors have varying 
effects on nutrient transport and require specific considera­
tion. 

Free Fatty Acids 

The fetus not only requires essential fatty acids from the 
mother to support growth" and brain development'' but 
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Figure 25-2. Maternal response lo slarvalion. En­
hanced adipose tissue lipolysis increases the availability 
in the liver of glycerol lo be used as a preferenlial 
subslrale for gluconeogenesis and of free fatty acids 
(FFA) for ketone body synthesis. By this mechanism, 
the mother conserves other gluconeogenic substrates, 
such as alanine, and ensures the adequate availability 
of fuels and metabolites to the felus. (From Herrera E, 
Gomez-Coronado D, Lasunclon MA: Lipid metabolism 
in pregnancy. Biol Neonate 57:70-77, 1987. S. Karger 
AG, Basel.) 

rilso requires nonessentinl lipids ns importnnt substrntcs 
during early postnatal life.'" This is especially true in species 
such ns the guinen pig and human where body fat at term 
represents n subst,1ntic1I percentage of body weight (JU and 
l6'k, respectively),'7 and de novo fatty acid synthesis by 
ft•tal tissues cnnnot fulfill fett1I requirements. Using lh~ 
sheL•p'" and the rat,•• early studies on the placental transfc: 
of lipids suggested that very few folly acids were transferred 
from the mother to the fetus. However, investigations in 
the rabbit,'" the guinea pig,"·'! primates," and rat"' indicate 
that the amount of fatty acids crossing the placenta exceeds 
that needed to fulfil( lipid storage requirements.'' 

Fatty acids, like other fots, are relatively insoluble in Willer 
and must be transported in the blood either as' c1lbumin­
bound FFA or in their esterified form c1s triglycerides, phos­
pholipids, and esterified cholesterol, which are associc1ted 
with other lipids ;ind prolt•ins in the form of lipoproleins. 
Tlwrdorc, mc1lt>rnt1I FFA (l'Slt•rifit•d folly c1dds lh,11 have 
bt•t•n hydrolyzt•d at the placental level) and unmodified 
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Figure 25-3. Concentration of free fatty acids, ketone bodies, 200 

and glycerol in plasma of 48-hour starved virgin rats and 48-
hour starved 19-day pregnant rats and their feluses. (From 
Herrera E. Gomez-Coronado D. Lasuncion MA: Lipid metabolism 

lipoproteins are the potential sources of fatty acids thc1l cniss 
to the fetc1I side. 

As may be expected, there is considerc1ble species vari«lion 
in placental fatty acid transfer. In general, fatty acid lr,111~ft•r 
is low in those species with a placental barrier constitued b~· 
severnl maternal as well as feta( cell layers (sheep, pig. ilnd 
cat), whereas in those species with a simple barrier of onl\' 
ft•tnl lnyers (man, rabbit, rat, and guinea pig), the net nux 
cnn be high. In these species, the fatty acid mixture entering 
the feta) circulation from the plc1centa reflects the malcrn,1I 
free fatty acid concentrations of different fatty acids;·· with 
the common exception of arachidonic c1cid. 

Higher proportions of arnchidonic acid in feta! comp.irl'd 
with mnternal plasma hilve been found in both ru111i11.1111· 
nnd nonruminant species."'•• Since significantly higher pro­
portions of arachidonic acid have been consistently noll'd in 
the plncenta when C<nnpared with the levels in malernnl 
lipid fr;iclions," it hns been suggested that placental nrachi­
doni~ ;icid synthesis is important in the supply of this fatty 
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acid to the fetus. An active desaturation and elongation 
system is required to synthesize arachidonic acid from the 
active form of linoleic acid (linoleyl-CoA). Such a system 
has been described in the placenta of the sheep, •2

·"' and an 
active incorporation of arachidonic acid into placental phos- • 
phoglyccrides has been noted in both the ovine"' and human 
placenta,''' supporting such a preferential role for the pla­
centa in the synthesis, selective sequestration, and supply 
of arachidonic acid to the fetus. 

Since current evidence suggests that fatty acids arc not 
selectively transferred across the placenta, and other essen­
tial and nonessential fatty acids seem to use a common 
transfer mechanism, "C-palmitic acid has normally been 
used by most investigators to study maternal-feta) transfer 
of both essential and nonessential fatty acids. As indicated 
above, the quantity of fatty acid transferred varies consid­
erably between species,'"' but in all instances, the system is 
grossly regulated by the transplacental nonesterified fatty 
acid gradient. 

To study the mechanism of transfer of. FFA ,Kross the 
human placenta, an i11 vitro system using perfused placenta 
and/or cultured trophoblast cells must be employed. A more 
direct approach, however, may be used in experimental 
animals. In the 20-day pregnant rat, we used radiolabl•lll'd 
palmitate to study the transfer of folly adds i11 l•ii•'.'· In t!1is 
technique "C palmitate is infused through the !ell uterine 
artery for 20 minutes. The amount of label appearing in the 
placentae and fetuscs from the left uterine horn are com­
pared with that found in the placentae and fetuses from the 
right horn."7 71 While the left uterine horn receives the tr,1Cer 
directly, it reaches the right horn after dilution in the 
mother's circulation, so the amount of substr,1te transferred 
to the fetus can be calculated as a i .:rn:tion of the values ior 
the maternal FFA concentration, the difference of r,1dioacliv­
ity in fetuses between the left and right uterine horns, and 
the left uterine blood flow. As shown in Figure 25-4, the 
estimated FFA transfer was significantly higher than zero 
(indicating that it was substantial), even though the absolute 
value of FFA transfer was lower than the level previously 
found for other compounds in earlier studies: glucose, 127 
nmoles/min x gm feta! birth weight (bw); alanine, 23 
nmoles/min x gm feta! bw; and glycerol, 1 nmol/min x gm 
feta! bw. 71 When the concentration of "C-lipids retained in 
the placentae after (1-"C)-palmitate infusion was measured, 
it was found that their level (99 ± 38 nmoles/gm/min) was 
considerably higher than in the fetuscs. Of those "C-lipids 
incorporated into the placenta, 49 ± 3% corresponded to 
esterified fatty acids, indicating that a certain proportion of 
the FFA thnt reach the placenta is actively esterified. We do 
not know whether fatty acid esterification participates in the 
FFA transfer process, but an active placental capacity to 
form esterified fatty acids from maternal FFA also has been 
described in other speciesn. 73 and in man."·" The presence 
of an active enzymatic glyceride hydrolytic system (phos­
pholipase and triacylglycerol lipase), ensuring a rnpid tri­
glyceride and phosplwlipid turnover, would point lo an 
esterification/hydrolysis cycle in the placental cells as one 
type of placental FFA transport. A mechanism such as this 
was proposed by Szabo et aF•· and Hummel et aF; everal 
years ago. 

Maternal circulating triglycerides have also been shown 
to contribute FFA to feta! circulation in the rat,'" ·'' the 
rabbit,'"' the guinea pig."'·"' and man,"' .ii though no studies 
have detected the passage of intact triacylglycerol across the 
placenta. We applied the "in situ" uterine artery infusion 
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Figure 25-4. Estimation of placental transfer ol palmitic acid and 
VLDL-triolein in the 20-day pregnant rat. Placental transfer to the 
fetus was determined by measuring the rad1oact1vity appearing in 

fetuses after infusing each of the "C-labeied substrates through the 
left uterine artery and making proper correction of the data for specific 
activity dilution of the tracer and uterine blood flow, as previously 
described (see ref. 69). · 

technique"• d1..•scrib1..•d ,1bovL' to t\'st tlw potl'nli,,1 lr,m~il'r ol 
1-"C-triolein incorpnr,1tcd into puriiicd Vl.lJL.•· 1\~ ,tl-,o 
shown in Figure 25---1, we wer1..• un.ibk- lo ddcd any sig11il­
icant transfer oi the l,1bcl into the Ictus. 

Lipoprotcin lipase activity has bcL'n dL'kcted in thL· pl,1-
centae oi all the species studiL'd.'' , .. ~· " N•. "' l'l,iccntal 
triglyceride hydrol~,:;is ,111d dirl'l°l lr,ui-,fl'r of tlw rl'll',bt·d 
nonesterified fatty acids to the fl'lus h.1~ l>L•en proposed, but 
direct studies in in situ perfused guinea pig pl,iccnt.ie hilVL' 
shown that this accounts for a very sm,1ll pcrcL•ntagc of all 
the fatty acid transferred to the fetus.'' These data indic;ilL• 
that under normal conditions, the contribution ot ni.1lL'rn,tl 
triglyceride-rich lipoproteins that are broken down by lipo­
protein lipase in the placenta. is of minor qu.intitati\'c im­
portm;ice as a source of fatty acids for the ictus. llowe\'er. 
under conditions of exaggerated 111.itl'rn,11 hypl'rlrigh·l·L·rid­
emia, this fatty acid supply system from cslerilicd 111,1kr11,tl 
fats may be greatly enhanced in the prL'scncc of sw,t.iinl'J 
placental lipoprotein lipase activity. This mechanism h,1s 
been proposed to occur in streptozotocin-induccd di.ibetic 
rats.'" •• In 20-day old prcgn,rnl di,1bl'!ic r,1l:, with \'.Jr\'ing 
degrees of glucose intolerance, il :-ignitit,rnt linL'.U cucrl'l,1ti, ,n 
is seen when the matern.il VL'rsus !cl.ii pl,1s1r..1 triglyrL'ridl' 
plasma levels are comp.ired (unpublished results). Thi:.. 
finding agrees with thL' ,111).;llll'nlL'd k\'t•I,-. t1f l'SSl'nti,11 f.1tt1· 
acids in the circulation of fL'luSL':.. fru111 hypl'rtri).;licnidl'1111c 
diabetic pregnant rats'' and supports either the contribution 
of maternal triglyceride!:> tu fcl.il lipids or the augmcnlL'J 
placental transfer of FF/\ owing to the increased 111.:itcrn,11-
fctal FFA gradient, or both.:·, ThL'Sl' rhangt'S 111.1v tlwrl'iurl' 
contribute to the well-k1wwn t',1t ,1ccumul,1tiun iri llL'1Vbt1rn, 
with di.ibctic mothers. 

Figure 25-5 outlines the pl;icent,11 role in maternc1l-tetal 
fatty acid transport under normal conditions during l,11L• 
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Figure 25-5. Schematic representation of the placental transfer of 
fatty acids to the fetus. 

gestation: where simple direct diffusion constitutC's the ma­
jor pron•ss. No alll'nlion has bL•en given to modificalions of 
this picture according to each species' duration of gl'Stalion 
(whirh would 11111dify thl.' dq~rt.'l' of m.itl'rnal hy~wrlipidl·mi.1 
and placental structur.il nnd functional maturation) and lo 
differences caused by pathologic conditions. 

Glycerol 

As i1 result of the active lipolytic activity qf maternal 
ildipose tissue, plasmatic glycerol levels are consistently 
l'IL•vated during Ink gestation.'' '' Till' valUl'S for pl,1sma 
glycerol concentr,1lion are normally higher than in the fetus 
(Sl'e Fig. 25--'.I), but tlwn· ill"l' some inll'rspl'l°il'S difkrl'nres. 
The maternal-fetal glycerol gradient is greater in those spe­
cies with epitheliochorial placenta (ruminants)""·"" than in 
those with a hemochorial placenta."' "' 

There is little l'Xpcrimental data on placental transfer of 
glycl'rol in any spL·,ies. Although the molecul.1r ch,1raclL'r­
istics of glycl'rol arl' adequ.itl' for an l'.isy placenl.il transfer 
(low weight and uncharged molecule), glycerol transfer is 
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nol.ibly lower th.111 for other metabolites with similar molec· 
ular characteristics such as glucosl' or 1 -al.111i1w." "' In co11-

tr.1st with the c.irrier-mediated process used for these two 
metabolites, the placl'ntal glycerol transfl•r is ,1rrnmplished 
by simpll' diffusion.""·"' In the sheep fetus, the umbilic;if 
glycl'rol b.il.ince indicates that feta! uptake is very low, 
.in:ounling for no more than 1.5% of the total oxvgen 
consumption of the fetus ... ' In man it h.is not bel'n possible 
to detect a tr.insfer of glycerol from mother lo fetus in spill' 
of its fovorable gradient." When comparing diffl·n•nt sub­
strates and by using the in situ infused placental tl'chniqul' 
in the rat, we have found that the transfer of glycl'rol is 
much lower th.in that of glucose and alanine, but highl'r 
than FFA!' We have also found that the fetal-pl.icental unit 
converts glycerol into glyceride glycerol,"2 and this utilization 
m.iy actively contribute to maintenance of the high glycerol 
gradient consistently found between maternal .ind fl'l,11 
blood.'-'·••"" 

Accelerated turnover of maternal glycerol seems to bl' 
innuenced by the high liver glycerolkinase activity that 
facilit.ites its rapid phosphorylation and subsequent Conver· 
sion into glucose.~' " Although this mechanism indirl'dlv 
benefits the fetus by providing glucose from this product nf 
maternal adipose tissue bre.ikdown (see Fig. 25-2), it m.iy 
limit the .1v.1ili1bility of enough glycerol molecules tn permit 
transfer to the fetus. Results summarized in Figurl.' 2:i .(, 
support this hypothesis. Hepatectomy normally produces 
an incre.ise in the pl.isma levels of glycerol becausL' C1f ., 
rt'duction in glycl'rol utilization Sl'C"Ond.iry to absenCl' of the 
liver, the major receptor org.in for this metabolite:· As 
shown in Figure 25-6, in the case of pregnant rats, hl'patL•C­
lomy .ind nephrl'Clomy cause ., sm.iller increase in plasma 
glyn•rol levels than in nonprl'gnant .inimals. This diiiL'rl'nce 
cannot be interpreted as reduced lipolytic .icti,·ity in the 
pregn.int rat since plasma FFA, the other lipolyti, pnidurt, 
increases more than in nonpregn.int anim.ils. It might. 
however, be interpreted as the result of an .iugmcntl'd 
tr.insfer of glycerol to the fetus since glycerol ll',·d~ in fct.11 
pl,1sm.1 irn:rease signifirnntly undl'r these conditiuns of ma· 
ternal hepatectomy and nephrectomy."" 

Consequently, placent.il glycerol trnnsfer Sl'l'tll'- !11 b1• 
limited by the effective and rapid utilization of !hi, suhtr,,tt• 
for gluconeogenesis by the liver and the kidtll'~· n•rln ol 
lhl' mother. Although the fet.il-placental unit arti\'l'l~· 11-;l's 
glycerol, which helps to m.iintain a favorabll• tr.insfl·r gra­
dient, its quantitative and physiologic nilL• in 1lw fl'tus, 
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Figure 25-6. Effect of hepatectomy-nephrectomy on 
plasma free fatty acid and glycerol in virgin (V) and 20· 
day pregnant rats (P). Experimental details are as indi­
cated in ref. 96. 
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except as a preferential substrate for feta! liver glyceride 
~lycerol synthesis,"' seems to be limited under normal con­
ditions. However, under conditions of markedly elevated 
maternal glycerol levels, the placental transfer of glycerol 
could become much more relevant in the supply of sub­
strates to the fetus. 

Ketone Bodies 

Although under physiologic conditions the plasma levels 
of ketone bodies in the fed late pregnant mother arc un­
changed, under fastingn 25

• "· .. 
1112 or diabetic'"3

• '"' conditions, 
they are greatly increased, coincident with enhanced deliv­
ery of FFA to the liver. As noted earlier, when the supply 
of glucose is limited (e.g., hypoglycemia and/or reduced 
insulin levels or sensitivity), ketone bodies arc used by some 
maternal tissues (for example, skeletal musde) as alt1.•rnative 
substrates. Ketone bodies can also cross the placental barrier 
and be used as energetic fuels and lipogenic substrates by 
the fetus. "'5 

'"' • 

With regards to its physiologic role, maternal ketonemia 
in the poorly controlled pregnant diabetic patient, with or 
without acidosis, has been associated with an increased still 
birth rate, an increased incidence of congenital anomalies, 
and impaired neurophysiologic development in the infant."~­
""·111 These effects are thought to be secondary to placental 
transfer of maternal ketones to the fetus. 112 

_ 

In addition to size and lipid solubility, molecular charge 
has an important effect on placental membrane permeability:. 
At pH 7.4, most of the molecules of the two mnin kl.'lone 
bodies, [3-hydroxybutyrate and acetoncetate, .ire present in 
dissociated or ionized form, retarding their diffusion across 
the placenta. In spite of this, in all species studied (man92• 

'"'· m "' rat,23
· '

2
· 

11
• and sheep'00

• 
112

), increments in maternal 
ketone bodies are accompanied by increments in feta! plasma 
levels, indicating efficient placental transfer because feta! 
liver ketogenesis is practically negligible. 117 

f'l,1centill transfer of ketone bodies is always carried out 
by simple diffusion and has a high unspecific component,"" 
but its efficiency varies between species. Whereas the ma­
ternal-feta! gradient for ketone bodies is above 10 in the 
sheep,'"'·"' in mnn it is about 2,'' and in the rat, it is close 
to 123 ,.1. 11

• (see Fig. 25-3). This indicates that the amount of 
ketone bodies crossing the placenta is much lower in rumi­
nant than in nonruminant species. It has even been pro­
posed that in the fasted sheep, the contribution of ketone 
bodies to the fetal oxidative metabolism accounts for only 2 
to 3% of the total oxygen consumption;""'·"" however, based 
on experiments using "C-labelled substrates, it has been 
shown that [3-hydroxybutyrate adequately replaces the glu­
cose deficit in the placenta, feta! brain, and liver during 
fasting hypoglycemia in the rat.""' This suggests a much 
greater contribution of ketone bodies to the fetal oxidative 
metabolism in the fasted nonruminant. 

Key enzymes for ketone-body utilization, namely 3-hy­
d roxybutyrate dehydrogenase (E.C. 1.1.1.30), 3-oxoacid­
CoA transferase (E.C. 2.8.3.5), and acetyl-CoA acetyltrans­
ferase (E.C. 2.3.1.9), have been found in the brain and other 
tissues in both the human and rat fetus. ur.. ,., •~• In z>itro, both 
the human"" and rat brain'"'·""' oxidize [3-hydroxybutyrnte 
in a form that is dependent on substrate concentration and 
not on the maternal nutritional state. Other feta! tissues 
known to oxidize ketone bodies are kidney, heart, liver, and 
placenta,'07

• 
122 and some are even known to use ketone 

bodies as substrates for fatty acid and cholesterol synthesis, 

as has been shown in the rat br<1in, livl.'r, placenta, and lung 
after the in 11il'O administration of "C-(3-hydroxybutvratc tu 
pregnant animals."' Conditions of maternal hyperketone­
mia, such as starvation during the last days of gestation 1=1 

or high fat feeding,'" increase the activity of these ketone­
body metabolism enzymes in fetal tissues (brain, liver, and 
kidney). Such a change is especially evident in the fetal 
brains from st.irved late pregnant rnts•~• and m,w n'prL'scnt 
an import,111t fetc1l ad,1ptation to guarantee br,11n dl.'vclop­
ment under these conditions through ketone body con­
sumption since fotal brain weight is bl'lll'r prl'served th.111 
other feta! organ weights."' 
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