
exhibit composite structures that re- 
sulted from coalescence and fusion of 
smaller agglomerates. The degree of 
fusion varies over the full range from 
weak adherence to complete assimila- 
tion (6). 

This is the Godel phenomenon. The 
tendency of ash to sinter above about 
1050?C, which has constrained fluid- 
ized bed gasification, has been put to 
constructive use in the Ignifluid boiler. 

Separation of ash and coke is nearly 
complete. Some small fragments and 
residues of coke are trapped or be- 
come embedded in the glass matrix of 
the ash agglomerates, accounting for a 
carbon content of about 5 percent. 
Carbon losses are minor elsewhere. For 
a coal feed that contains 20 percent 
mineral matter, clinkers rejected at 5 
percent carbon represent carbon utili- 
zation of 99 percent. 
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Maternal Malnutrition and Placental Transfer of 

a-Aminoisobutyric Acid in the Rat 

Abstract. In the pregnant rat, dietary protein restriction reduces the transfer 
of 14C-labeled a-aminoisobutyric acid from the maternal blood into the fetus. 
One of the causes of this phenomenon is a reduced capacity of the placenta to 
release into the fetus a-aminoisobutyric acid taken up from the maternal blood. 
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Maternal restriction of protein and 
calories is known to cause retarded 
growth of the fetus in several species 
of eutherian mammals including man. 
The mechanisms mediating this ef- 
fect are still poorly understood. Ham- 
mond in 1944 put forward the theory 
that the division of nutrients between 
the mother and the fetus is regulated 
by the metabolic rate of the fetal and 
maternal tissues (1). According to this 
theory, if there is only a limited sup- 
ply of nutrients the fetus would be 
able to compete successfully with the 
mother because of the higher meta- 
bolic rate of its tissues. This implies 
that the fetus would be affected only 
after maternal reserves have been de- 
pleted. However, recent data from 
human populations demonstrate that 
even a moderate restriction of nutrients 
during pregnancy may cause some de- 
gree of fetal growth retardation (2). 

Thus, in apparent discrepancy with 
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Hammond's hypothesis, when mater- 
nal malnutrition is present, the fetus 
does not seem able to compete suc- 
cessfully with the mother. In order to 
explain this phenomenon, it seems 
necessary to consider other factors, 
besides the metabolic rate of the tis- 
sues, in the division of nutrients. One 
of these factors could be placental 
function. If maternal malnutrition af- 
fects the capacity of the placenta to 
transfer nutrients, the possibility of 
fetal competition would be neutralized 
and fetal growth retardation would 
result. There is evidence from observa- 
tions on human populations and ex- 
periments in rats that maternal malnu- 
trition interferes with cellular growth 
of the placenta and alters RNA metab- 
olism (3). Moreover, morphometric 
studies of placenta from women suf- 
fering mild degrees of malnutrition 
demonstrate that malnutrition reduces 
the mass of peripheral villi (4). This 
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Fig. 1. (A) Concentration of 'LC-labeled AIB [disintegrations per minute (dpm) per 
gram of tissue] in placental tissue of normal (0) and malnourished ( ) rats at differ- 
ent times after maternal intravenous administration of 1 uzc per 100 g of body weight of 
a-amino[1l-4C]isobutyric acid (12.2 uac/mmole). Each point represents the mean ? 
the standard error of five placentas in the normal group and four placentas in the 
malnourished group. A total of five and four animals were used for the normal and 
malnourished, respectively, in consecutive experiments. Placentas were removed, and 
a 10 percent homogenate was prepared in distilled water. Radioactivity was measured 
in a 0.5-ml sample of the homogenate after digestion at 40?C with 2 ml of NCS 
solubilizer (Amersham/Searle). The digested sample was then neutralized with 
0.1 ml of glacial acetic acid, and 15 ml of a scintillation fluid containing 0.01 percent 
POPOP and 0.4 percent PPO in toluene were added to the vials. (B) Concentration 
of [4C]AIB (disintegrations per minute per gram of tissue) in fetuses of normal (0) 
and malnourished (?) rats. The number of cases in each point and the preparation 
of samples were similar to placentas. (C) Concentration of [4C]AIB (dpm/ml) in the 
plasma of normal (0) and malnourished rats (0). Radioactivity was measured in 
10 IlA of plasma digested at room temperature with 0.2 ml of NCS solubilizer. As in 
previous samples 15 ml of the same scintillation fluid were used. 
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finding is compatible with a reduced 
overall capacity of the placenta to 
take up nutrients and, consequently, 
with a reduced transfer of nutrients 
to the fetus. We report here that in 
malnourished rats there is a reduced 
transfer of a-aminoisobutyric acid 
(AIB) from the maternal circulation 
into the fetus and that one of the 
causes of this reduction is an altered 
placental transfer of this amino acid. 

Pregnant rats (Sprague-Dawley) 
were fed either an experimental, 6 per- 
cent, or a control, 27 percent, casein 
diet (5) from day 6 of pregnancy. 
Transfer of AIB from the maternal 
blood into the fetus was studied by 
a method similar to the one described 
by Wapnir and Dierks-Ventling (6) 
with the use of 14C-labeled AIB. At 
day 20 of pregnancy, under urethane 
anesthesia (200 mg per 100 g of body 
weight), each rat received an intra- 
venous dose (via femoral vein) of 14C- 
labeled AIB. At different intervals up 
to 60 minutes after the injection, 
samples of maternal blood were taken 
(with heparinized capillary tubes) from 
the suborbital sinus: one placenta and 
one fetus were removed, with alter- 
nating uterine horns for each sampling. 
Radioactivity was determined in sam- 
ples of plasma and whole placenta and 
fetus homogenates. 

Transfer of AIB from the maternal 
circulation into the fetus follows a 
pattern similar to that reported for 
other amino acids in the rat (Fig. 1). 
Shortly after injection, the placenta 
concentrates a considerable amount of 
AIB compared to the fetus. At 10 
minutes, the placental concentration 
of AIB is approximately ten times 
higher than the concentration in fetal 
tissues. The placental concentration 
decreased with time, but it was higher 
than the fetal concentration through- 
out the study. Concentration in the 
fetus changed reciprocally with con- 
centration in placenta, reflecting the 
rate of placental transfer of AIB. 
Plasma concentration of AIB decreased 
steadily with time, as was expected. 

Malnourished animals had the same 
general pattern of AIB transfer as the 
control rats, but there were several 
significant differences between these 
two groups. Placental AIB concentra- 
tion of the experimental animals was 
lower than that of the control group at 
10 and 20 minutes and higher than 
that of the controls at 40 and 60 min- 
utes (Fig. 1A). This difference sug- 
gests a reduced uptake of AIB from 
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Fig. 2. The ratio of AIB concentration 
in the fetus to that in the placenta in 
normal and malnourished rats at various 
times after intravenous injection of AIB 
into the maternal circulation. Bars repre- 
sent mean values -+- the standard error. 
For each point a total of five fetuses and 
placentas for the normal group and four 
fetuses and placentas for the malnourished 
group were used. Analysis of statistical 
significance by Student's t-test found P 
values nonsignificant at 10 and 20 min- 
utes. At 40 minutes P < .005 and at 60 
minutes P < .05. The values in parentheses 
represent the percentage of control values. 

the maternal blood, combined with a 
proportionally more reduced rate of 
transfer of AIB to the fetus. This 
imbalance between input and output 
would explain the relative accumula- 
tion of AIB of the malnourished pla- 
centas compared to that of the control 
placentas. Consistent with the reduced 
placental uptake and transfer of AIB, 
the concentration of AIB in the fetuses 
of the malnourished group was lower 
than that of the controls. Plasma con- 
centration of AIB was similar to that 
of control animals at 10 minutes and 
increasingly higher than control values 
thereafter. The reduced rate of dis- 
appearance of AIB from the maternal 
plasma probably reflected the reduced 
uptake of the conceptus. At day 20 
of pregnancy, the total tissue mass of 
the placentas and fetuses represents 
a considerable percentage of the total 
metabolically active tissue mass, and it 
is conceivable that a reduced uptake 
of any substance present in the plasma 
would reduce the rate of disappearance 
from the plasma of such a substance, 
in this case AIB. 

Although these data suggest that 
maternal malnutrition alters placental 
transfer of AIB, this possibility be- 
comes evident when the ratios of the 
fetal content and placental content 
of AIB are compared. The ratio was 
considerably lower in the malnourished 
group, reflecting the fact that after 

AIB is taken up from the blood it 
stays for a longer time in the placen- 
tas of the malnourished animals (Fig. 
2). Placental transfer of amino acids 
is a phenomenon that is still poorly 
understood. It has been hypothesized 
that such transfer occurs in three 
stages: (i) active transport from the 
uterine blood into the placental tis- 
sue, (ii) transient storage in the pla- 
cental tissue, (iii) diffusion from the 
placenta into the fetal blood (7). Ac- 
cording to this idea, the stage most 
likely altered by malnutrition would 
be the first one, since it requires en- 
ergy consumption. Nevertheless, pres- 
ent data demonstrating a reduced up- 
take and subsequent accumulation in 
the placenta suggest that all stages 
are affected and that either the second 
or the third stage is proportionally 
more affected than the first stage. 
Moreover, since blood perfusion was 
not measured in this model, it is also 
possible that the reduced uptake may 
reflect only a reduced placental per- 
fusion of blood and that the first-stage 
mechanisms are functioning at a nor- 
mal rate. Regardless of whether mal- 
nourished animals suffer this hemody- 
namic change in their placental cir- 
culation or not, the fact that AIB ac- 
cumulates in the placenta suggests that 
the postulated second and third stages 
of amino acid transfer are not en- 
tirely passive phenomena. Probably 
energy consumption and the presence 
of specific proteins are required for 
these steps, and it is conceivable that 
the reduced availability of substrates 
imposed by maternal malnutrition may 
interfere with these mechanisms. Thus 
maternal malnutrition may prove a 
useful model in further elucidating the 
normal placental transfer of amino 
acids. 

Related questions such as the pos- 
sible influence of hemodynamic fac- 
tors or the effect of maternal malnu- 
trition in the transfer of other amino 
acids or other nutrients will require 
further studies. Regardless of the out- 
come of such studies, however, it 
seems clear that we can no longer 
assume that during maternal malnutri- 
tion fetal growth is solely a function 
of the interplay between availability of 
nutrients and the differences in the 
metabolic rate of the maternal and 
fetal tissues. 

P. Rosso 
Institute of Human Nutrition and 
Department of Pediatrics, 
Columbia University, New York 10032 
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Polyamine biosynthesis is one of the 
earliest events that occurs during tissue 
growth. This increased synthesis takes 
the form in a variety of tissues of dra- 
matically elevated levels of ornithine 
decarboxylase (ODC), the initial en- 
zyme in the polyamine biosynthetic 
pathway. Activity of ODC is highest 
in those tissues with high rates of 
growth or protein synthesis. In con- 
trast, ODC activity in static or non- 
growing tissues is very low. When in- 
duced in mammalian liver by partial 
hepatectomy, ODC activity rises rapidly 
and remains elevated for 2 days (1). 
Also, ODC activity can be increased 
by all those hormones that affect 
growth processes (2). Following ad- 
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ministration of inhibitors of protein 
synthesis, ODC activity returns to the 
control level, with a half-life of 10 to 
20 minutes (3). This ability of ODC 
activity to fluctuate rapidly in response 
to the introduction or withdrawal of 
stimuli suggests that ODC elevation 
constitutes an important step in the 
control of cellular mechanisms. Be- 
cause cyclic nucleotides are considered 
the second messenger in a chain of 
events between the receptor site on 
the cell membrane and the subsequent 
increase in biosynthetic activity, we 
thought that it was important to ascer- 
tain whether adenosine 3',5'-mono- 
phosphate (cyclic AMP) might medi- 
ate the activity of ODC. We have 
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Table 1. Cyclic AMP concentration and ODC activity in the adrenal medulla and adrenal 
cortex of rats after cold exposure. Animals were exposed to cold (4?C, 2 hours) as described 
in Fig. 1. The cyclic AMP concentrations and ODC activities were determined at 0.5 and 4.5 
hours, respectively, relative to the initiation of cold exposure. The experiments were performed 
with monolaterally denervated animals. The data are represented also relative to values 
obtained from control animals not subjected to cold exposure. The values are the mean + the 
standard error. 

Cyclic AMP ODC activity 

Splanch- Cold Amount Amount 
nicotomy exposure Percent (pmole 4CO5/ Percent 

(pmole per of 
mg oof 30 min of 

protein) control per mg of control 
~protem~in~) ~protein) 

Medulla 

No No 41 ? 5 100-- 12 20 ? 4 100 25 
No Yes 426? 22 1040 ? 55 150 8 750 ? 40 
Yes No 39 ? 6 100? 15 24? 7 100 29 
Yes Yes 89 + 23 230? 60 43 ? 6 180 25 

Cortex 
No No 11 ? 3 100? 27 18? 3 100 16 
No Yes 72 ? 19 650 t 180 146 ? 19 810 + 105 
Yes No 11? 2 100 18 22? 4 100? 18 
Yes Yes 68 ? 13 620 ? 115 181 ? 12 825 ? 55 
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standard error. 

Cyclic AMP ODC activity 

Splanch- Cold Amount Amount 
nicotomy exposure Percent (pmole 4CO5/ Percent 

(pmole per of 
mg oof 30 min of 

protein) control per mg of control 
~protem~in~) ~protein) 

Medulla 

No No 41 ? 5 100-- 12 20 ? 4 100 25 
No Yes 426? 22 1040 ? 55 150 8 750 ? 40 
Yes No 39 ? 6 100? 15 24? 7 100 29 
Yes Yes 89 + 23 230? 60 43 ? 6 180 25 

Cortex 
No No 11 ? 3 100? 27 18? 3 100 16 
No Yes 72 ? 19 650 t 180 146 ? 19 810 + 105 
Yes No 11? 2 100 18 22? 4 100? 18 
Yes Yes 68 ? 13 620 ? 115 181 ? 12 825 ? 55 

650 

therefore studied the relationship be- 
tween cyclic AMP and ODC in the 
adrenal medulla of the rat. Within 30 
minutes of exposure to cold (4?C), in 
response to cholinergic nerve impulses, 
the intracellular cyclic AMP increases 
10- to 20-fold in the adrenal medulla 
of the rat (4). Within 2 hours this 
elevation disappears, and the cyclic 
AMP concentration returns to normal. 
Exposure to cold leads to the stimula- 
tion of the splanchnic nerve and re- 
sults in the transynaptic induction of 

tyrosine hydroxylase (4), the regulating 
enzyme in catecholamine synthesis. Be- 
cause of the general relation between 
an elevation in ODC activity and sub- 
sequent increases in biosynthetic ac- 

tivity, we thought that an increase in 
ODC activity might be intermediate 
between the rise in cyclic AMP in the 
adrenal medulla and the delayed in- 
duction of tyrosine hydroxylase. There- 
fore, we studied the relation between 
cyclic AMP and ODC in the adrenal 
medulla and adrenal cortex after cold 
exposure and in another group after 
aminophylline injection. 

All experiments were performed with 
male Sprague-Dawley rats (125 to 
150 g). For cyclic AMP determina- 
tions, the animals were decapitated 
and the adrenal glands were removed 
and frozen within 10 seconds. The 
adrenal medulla was rapidly separated 
from the adrenal cortex at 0? to 4?C 
with the aid of a dissecting microscope. 
Cyclic AMP was purified from the 
other acid-soluble nucleotides (5), and 
its concentration was determined by a 

protein kinase assay (6). 
The ODC activity was measured by 

the release of 14CO2 from dl-[l-14C]- 
ornithine (7.66 mc/mmole, New Eng- 
land Nuclear) as described (1), with 
minor modifications. The buffer used 
was 0.05M sodium potassium phosphate, 
pH 7.2, containing 1 mM dithiothreitol 
(DTT). Monolaterally denervated (by 
splanchnicotomy) animals were pur- 
chased (Zivic-Miller, Allison Park, Pa.) 
and used 6 to 8 days after they under- 
went operation. 

We substantiated the finding that 
within 30 minutes of subjecting the 
animals to cold, cyclic AMP in the 
adrenal medulla increased 10- to 20- 
fold (Fig. 1A). The cyclic AMP con- 
centration returned to normal within 2 
hours. Ornithine decarboxylase activity 
is elevated within 1 hour of cold ex- 
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Ornithine Decarboxylase Activity: Control by Cyclic Nucleotides 

Abstract. Both exposure to cold and administration of aminophylline result in 
rapid increases in cyclic adenosine monophosphate (cyclic AMP) in the adrenal 
medulla and adrenal cortex. These increases are followed by dramatic increases 
in ornithine decarboxylase activity. Inhibitor studies suggest that the increase in 
ornithine decarboxylase activity is due to new enzyme synthesis. The data suggest 
that the decarboxylase activity is regulated by an increase in cyclic AMP. 
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