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to diabetic and non-diabetic patients results 
in a marked increase in the di-enoic acid con- 
tent of the cholesterol esters, in association 
with a lowering in the mono-enoic acid con- 
tent. When ethyl esters of oleic acid are sub- 
stituted for the ethyl linoleate the opposite 
pattern is observed. A high carbohydrate, 
fat-free diet produces much the same pattern 
of cholesterol ester composition as that Seen 
during oleate ingestion. 

Grateful acknowledgement is made to Procter and 
Gamble Research Labs. for supplies of purified oleate 
and linoleate. 
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Although placental transfer of many sub- 
stances has been demonstrated( 1-3), such 
studies of ketone bodies have not been made. 
Since ketosis may readily develop in the preg- 
nant animal when deprived of insulin(4,S) or 
when food intake is limited (5-7) ,  it seemed of 
interest to determine if the ketone body level 
in fetal blood was related to that in maternal 
blood. 

Methods. Sprague-Dawley rats pregnant 
17 to 20 days and fed Purina Chow were used. 
Five of these rats were “totally” pancreatecto- 
mized(8) after 17-hour fast and tested 23 
hours later. They were not fed postoperatively. 
Controls consisted of pregnant normal rats 
fasted 17 and 40 hours. Maternal blood sam- 
ples for glucose determinations were taken 
from the tail. Immediately thereafter, mother 
rats were anesthetized with ether. Fluid was 
drawn from amniotic cavity with a hypoder- 
mic needle and syringe. Fetal blood samples 
were obtained by removing the fetus from the 
uterus, cutting open the chest and heart, and 
collecting the blood on a spot plate with he- 
parin. Generally a single fetus was used for 
each determination. After obtaining fetal 
blood samples, blood for determination of 
maternal levels of ketone bodies and fat was 

* The excellent technical assistance of Barbara 
Guarco and Theresa R. Clary is gratefully acknowl- 
edged. 

drawn from the aorta with a syringe and 
needle. Glucose was measured by the method 
of Haslewood and Strookman (91, ketone 
bodies by the method of Bessman( 10) and 
total lipids by the method of Bragdon( 11 ) . 

Results. There was a marked elevation of 
glucose, ketone bodies, and fat in blood of the 
pancreatectomized rats ( Fig. 1 ) . Blood ke- 
tone bodies of the fasted normal pregnant rats 
were also increased, whereas their glucose lev- 
els were less than those in the fed rats. There 
was no significant difference in blood ketone 
body levels between pancreatectomized and 
40-hour fasted normal pregnant rats. Pre- 
liminary observations indicate that the 
marked ketosis observed in the fasting preg- 
nant rat does not occur before 14th day of 
gestation. Blood fats of some of the fasted 
normal pregnant rats were also increased. 

In agreement with observations of others 
( 1 , 2 ) ,  maternal and fetal blood glucose levels 
were essentially the same. In the diabetics 
maternal glucose levels ( 2 60-420 mg/ 100 m1) 
averaged 60 mg/100 ml higher than fetal lev- 
els. These data reflect the known rapid trans- 
fer of glucose across the placenta(2). Glu- 
cose levels in the amniotic fluid of both nor- 
mals and diabetics were 20 to 30 mg/100 ml 
lower than those in the fetal blood. 

Maternal blood ketone body levels ranged 
from 0.6 to 114 mg/100 ml (Fig. 1) .  Over 
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this wide range, blood ketone body concentra- 
tion of the fetus equalled that of its mother. 
The very close agreement of ketone body lev- 
els in fetal and maternal blood strongly sug- 
gests that ketone bodies are rapidly trans- 
ferred across the placenta. The ketone body 
concentration in amniotic fluid also paralleled 
that in maternal blood. 

It has been demonstrated that fats cross 
the placenta very slowly ( 1,3). In agreement 
with these observations, fetal blood lipids 

were found to be independent of maternal lev- 
els (Fig. 1 ) .  There were no detectable 
amounts of fat in the amniotic fluid. 

Discussion. The cause of increased severity 
of fasting ketosis during the last third of 
pregnancy is not known(5-7). Since blood 
glucose is not elevated and glucose adminis- 
tration readily corrects the ketotic state ( 7 ) .  
the ketosis cannot be attributed to insulin de- 
ficiency as in the diabetic. MacKay and 
Barnes have shown that the adrenal gland is 
necessary for ketosis in fasting pregnant rats 
(6) .  Others have observed that plasma level 
of 1 7-hydroxycorticosteroids and urinary ex- 
cretion of glycogenic corticoids are markedly 
increased during the last third of pregnancy 
(12-14). I t  is well-known that cortisone is 
an tiketogenic by virtue of its gluconeogenic 
action( 15.16). However, in severe insulin de- 
ficiency. in which carbohydrate utilization is 
impaired, cortisone is strongly ketogenic( 16). 
If the rate of gluconeogenesis in the fasting 
pregnant animal is inadequate, a severe car- 
bohydrate deficiency may develop in maternal 
tissues due to high priority of the fetus for 
nutrients( 17). In such a case it is very likely 
that the elevated level of corticoids in the 
mother would result in severe ketosis. The 
effects of ketosis in the fetus are not known. 

Blood levels of ketone bodies, 
glucose. and fats in pregnant rats were altered 
1)y fasting and by pancreatectomy. The con- 
centration of ketones and glucose in fetal 
Mood changed with maternal level, whereas 
the lipids were independent of maternal level. 
Ketone bodies appear to cross the placenta as 
rapidly as glucose. 
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Recent publications( 1-5) have shown that 
amino acid composition of the diet may have 
a decided effect on bone structure. Bavetta 
et  al. ( 1,2 ) described pathological changes in 
bones and teeth of rats fed diets deficient in 
lysine or tryptophan. Specific effects should 
also be evident in the chemical composition of 
bone. Harris et d. (6) previously observed 
an abnormal, fatty bone marrow in histo- 
logical sections from rats fed lysine-deficient 
gliadin. Quantitative changes in fat content 
of the tibiae of rats fed diets containing vari- 
ous amounts of lysine are described in this 
report. 

Methods. Rats reared on stock diet(7) 
were weaned at  2 1  days with average weight 
of about 50 g. They were caged individually 
and fed the experimental diets, using litter 
mate distribution with 3 males and 3 females 
for each diet. At  termination of the 5-week 
feeding period the animals in each group were 
weighed, killed, and their tibiae analyzed. 
For this purpose, the tibiae were dissected 
from tissues of right hind legs. After clean- 
ing, the raw weight for the pooled group of 6 
tibiae was obtained. All analyses were cal- 
culated on the basis of this weight. For 
moisture determination the bones were dried 
at 100°C. For fat determination the bones 

*Our attention was originally called to this prob- 
lem by Dr. Theodore F. Zucker of Columbia Uni- 
versity, to whom we wish to express our appreciation. 

were then boiled in 95% alcohol under reflux 
for 24 hours and extracted with ether in a 
Soxhlet for same period of time. The bones 
were dried again and fat content calculated 
by difference. Finally the dried fat-free 
bones were ashed at  800OC. Having estab- 
lished amount of water, fat and ash present, 
the remaining constituents of raw (bone have 
been called “organic residue” by Chick et aZ. 
(8). The basal diet used consisted of 90@ 
commercial bread, dried at room temperature, 
supplemented with vitamins, minerals and 
fat. The bread contained 4% non-fat milk 
solids. This diet is low in lysine and was 
previously used by Rosenberg and Rohden- 
burg( 7 )  to investigate improvement in growth 
and protein efficiency attainable by supple- 
mentation with lysine. An additional group 
of rats was fed the stock diet to study normal 
bone composition. 

The results of adding increasing amounts 
of L-lysine monohydrochloridet to the bread 
diet are summarized in Table I. Fat content 
of tibiae of rats fed the unsupplemented bread 
diet was greater than that observed when 
stock diet was fed. Addition of lysine to the 
bread diet improved *both growth and bone 
composition. With increasing lysine supple- 
mentation there was a decrease in fat content 

t Du Pont L-lysine monohydrochloride, contain- 
ing 955% L-Iysine monohydrochloride and 5% D- 
Iysine monohydrochloride. 


