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young DI rats than in young SO rats and adult DI and SO rats.
We also found that this hypotension could be prevented by the
continuous infusion of AVP (2000 pg·lOO g-I min-I). The adult
01 rats were more resistant to hemorrhagic hypotension than
the infant 01 rats. The reason for this is not known. In addition
to AVP, angiotensin has also been thought to prevent hemor
rhagic hypotension. The angiotensin levels were the same in the
adult DI and SO rats both during control conditions and fol
lowing bleeding. It is therefore likely that the relative resistance
to hemorrhagic hypotension, observed in adult DI rats, is inde
pendent of angiotensin.

The serum AVP levels were measured in the SO rats. The
capacity to release AVP was at least as good in young as in adult
rats. Previous studies on fetal lambs have shown that the capacity
to release AVP in response to blood volume contraction is well
developed even in fetal life (12). The AVP levels recorded under
basal conditions were high in both the adult and the infant 01
rats; they were 21 and 45 pg-ml", respectively. In adult rats that
have been dehydrated for 48 h, the AVP concentration has been
reported to be around 30 pg.ml-I (5). The SO rats in this study
had been dehydrated for 10 h and subjected to anesthesia and
blood vessel cannulation which might have caused the blood
volume contraction. Great care had, however, been taken not to
use animals that had been bled prior to carrying out the proce
dure. Following bleeding, the AVP levels increased in both
groups, but the increase was significant only in the adult rats. It
is possible, however, that the AVP levels in the infant rats were
already so high during basal conditions that they represented
maximal levels.
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Summary

A study was carried out in order to investigate whether the
abnormal in vitro turnover of fatty acids in the phospholipids of
the red blood cell membranes of cystic fibrosis patients is intrinsic
to the membrane, or whether it is induced by extrinsic serum
factors. Red blood cells of cystic fibrosis patients and healthy
subjects were labeled in vitro with 114q linoleic acid, bound to

albumin. The labeled cells were reincubated in autologous and
homologous serum. The radioactivity present in the serum lipids
and in the major phospholipid fractions of the red cell membranes
was measured.

Conclusions of this study are: 1) not all of the cystic fibrosis
patients examined individually show an abnormal in vitro turn
over of the red cell fatty acids, although they all presented
abnormal fatty acid patterns for the red blood cell phospholipids,
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the platelet phospholipids, and the plasma lipids. 2) The in vitro
abnormal fatty acid turnover occurs only in the incubations where
red cells of cystic fibrosis patients are involved (in homologous
and autologous serum) and not where red cells of healthy subjects
are incubated in serum of cystic fibrosis patients. Consequently,
the abnormal turnover is intrinsic to the red cells and is not
induced by extrinsic serum factors.

Abbreviations

FA, fatty acid
CF, cystic fibrosis
RBC, red blood cell
pc, phosphatidylcholine
PE, phosphatidylethanolamine

From a review of the literature, it is clear that the FA patterns
of the lipid fractions of biological fluids and tissues from CF
patients are changed in comparison with the corresponding
patterns of healthy subjects (1, 2, 4, 7-9, II , 13, 14, 17-19,21 ,
22). Two possible explanations may be given for these abnormal
FA patterns: they are due to malabsorption of essential dietary
fat (7, 8) or a primary defect in FA metabolism could be involved
(13, 14). The results of our previous research rather support the
latter hypothesis. Indeed, it wasshown that abnormal FA patterns
can occur in both CF patients with and without pancreatic
insufficiency (17, 18). Furthermore, it was found that the in vitro
turnover of FA in the phospholipids of the erythrocyte mem
branes is significantly higher for CF patients than for healthy
children (20). This conclusion has been drawn from in vitro
experiments carried out with RBC, radioactively labeled with
['4C]linoleic and pH]palmitic acid, of CF patients with pan
creatic insufficiencyand of healthy children with their own serum
(20). This increased in vitro turnover of the FA in the RBC of
CF patients can be intrinsic to the membrane but may also be
caused by extrinsic serum factors. Until now, no experiments
with standardized serum have been performed in order to try to
separate intrinsic from extrinsic effects.The amount of blood to
be taken from one CF child (8-10 years old) would have been
too high. In this study, however, older CF patients (17-19 years
old) were involved so that the amount of blood taken was no
longer critical. Incorporation and reincubation experiments with
radioactively labeled RBC of CF patients and healthy subjects
have been carried out not only with autologous serum, but also
with homologous serum.

MATERIALS AND METHODS

Materials used for the analysis of the individual phospholipid
fractions of the RBC (15, 16), for the in vitro experiments (20)
and for the radioactivity measurements (20) were described
previously.

Subjects and bloodcollection. After an overnight fast of 12 h,
80 ml venous blood was collected with sodium citrate from six
CF patients with pancreatic insufficiency (three female and three
male, 17-19 years old) and from six healthy subjects of the same
age and sex. The healthy subjects had the same bloodgroup as
the matched CF patients. Six experiments, each time with RBC
and serum of one CF patient and one healthy volunteer, were
carried out.

In vitro experiments. The methodology of the in vitro experi
ments has been described previously in detail (20). In short,
blood was centrifuged and the packed RBC were washed. Next,
they were incubated for 2 h with a ['4C]linoleic acid-labeled
albumin solution (0.5 x 108 dpm/ml solution) in Krebs-Hense
leit buffer containing glucose, ATP, and CoASH. The RBC were
sedimented by centrifugation and washed extensively, especially
with defatted human albumin solution in order to remove surface
fatty acids. The RBC were resuspended for 5 min in their own
serum in order to restore the normal surface pool of nonradio-

active FA. After removing the serum, the radioactively labeled
RBC were incubated separately with autologous and homologous
serum with additives as described (20). At various time intervals,
aliquots were taken and centrifuged, and the RBC were washed
and stored with dithionite at -20·e. Lipid extracts were prepared
the next day and stored at - 20·C under N2• The determinations
of the individual phospholipid fractions (16, 19) and the meas
urements of the radioactivity (20) were done as described.

The following incubations were carried out: 1) RBC of CF
patients in their own serum (autologous); 2) RBC ofCF patients
in serum of healthy subjects (homologous); 3) RBC of healthy
subjects in serum ofCF patients (homologous); 4) RBC ofhealthy
subjects in their own serum (autologous).

Additionaldeterminations. Serum vitamin E and A levelswere
determined using a high performance liquid chromatography
technique (5). The globular resistance was measured using NaCl
solutions with varying concentrations (25). The plasma nones
terified FA pattern (17) and the FA composition of the plasma
cholesterol esters (18), the RBC phospholipids (19), and the
platelet phospholipids (unpublished data) have been determined
by thin layer chromatography-gas chromatography techniques ,
previously described.

RESULTS

As for our previous results (20), the theoretical approach ,
proposed by Shohet and co-workers (23, 24) was used. The
assumption was made that the incorporated FA are all taken up
into PC before their transfer into PE and their final release into
the serum. Again, sphingomyelin was used as internal standard.

Uptake into phosphatidylcholine. The results (mean ± SO)
obtained for the uptake of ['4C]linoleic acid from a deep mem
brane pool of nonesterified fatty acids into PC are shown in
Table I. A two-wayanalysisof variance (26) was applied to these
results at the significance level of 0.05. Both treatments were
highly significant (P < 0.001; the variables are "time" and
"combinations"). The mean uptakes in PC, obtained for the four
combinations, were compared at the four separate time intervals
using a one-way analysis of variance. Significant analyses of
variance were followed by Newman-Keuls tests which permitted
distinction of homogeneous subsets. The results are indicated in
Table 1. From 9 h on, after the reincubation was started, a
significant difference was found (P < 0.02). Two homogeneous
subsets existed. One was composed of combinations 1 and 2
while combinations 3 and 4 belonged to the second subset. In
other words, the mean in vitro uptake of p4C]linoleic acid into
PC was for the combinations where RBC of CF patients were
involved significantly different from the one measured for the
combinations where RBC of healthy subjects were used. No
significant difference was observed between the results for com
binations 1 and 2, or between those for combinations 3 and 4.
This means that the serum used in these experiments had no
effect on the abnormal incorporation of ['4C]linoleic acid into
the PC fraction of the RBC membranes of CF patients . The
observation that the mean uptake for combination I is higher
than the one for combination 4 is only a confirmation of our
previous results (20). In Figure I, the individual uptake of [14C]
linoleic acid into PC is shown for the six experiments. It is not
possible to distinguish the uptake of patient 6 from the corre
sonding value ofthe normal control. The experiment was redone
on RBC of the same CF patient but with RBC and the serum of
two more volunteers with the same bloodgroup. However, iden
tical results were obtained .

Transfer intophosphatidylethanolamine. In Table 2, the results
obtained for the in vitro transfer of labeled linoleic acid from PC
into PE is shown. A two-way analysis of variance shows highly
significant effects of both variables (time and combinations) (P
< 0.001). From 9 h on, two homogeneous subsets existed (com
binations I and 2; combinations 3 and 4). Since these observa
tions are similar to those made before, the same conclusions can
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Table I. In vitro incorporation of[14Cflinoleic acid into the phosphatidylcholine fraction of RBC membranes during incubations of
1) RBC ofCF patients in their own serum (autologous serum); 2) RBC ofCF patien ts in homologous serum ofhealthy subjects; 3)

RBC ofhealthy subjects in homologous serum ofCF patients; 4) RBC ofhealthy subjects in autologous serum*

dpm PC/ml RBC (mean ± SD)

Time Combinations One-way anal ysis

(h) I 2 3 4 of variance

0 723,527 ± 119,549 764,092 ± 2 13,734 705,088 ± 112,515 730,415 ± 143,971 NS

1 subset

4 1,365,549 ± 206,296 1,481,641 ± 378,481 1,106,287 ± 129,858 1,187,994 ± 164,277 NS

1 subset

9 1,719,768 ± 423,871 1,958,687 ± 468,943 1,344,974 ± 173,267 1,436,035 ± 159,365 p<0.02

2 subsets

11 1,877,70 1 ± 467,674 2,051,956 ± 524,249 1,444,882 ± 196,605 1,490,476 ± 196,030 p<0.03

2 subsets

... Statistical significance is indicated (one-way analysis of variance at every time interval); NS, not significant.
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Fig. 1. In vitro incorporation of ['4C]linoleic acid into the phosphatidylcholine fraction of RBC membranes. The results are shown individually

for the six CF patients and the healthy subjects studied. The experimental conditions are as described in "Materials and Methods. n . , Incubation of

RBC of CF patients in the ir own serum (combination 1); 0 , incubation of RBC of matched healthy subjects in their own serum (combination 4);

A, incubation of RBC of CF patients in homologous serum of matched healthy subjects (combination 2); 1:::., incubation of RBC of health y subjects

in homol ogous serum of matched CF patients (combination 3).

Table 2. In vitro transf er ofrCflinoleic acid from the phosphatidylcholine into the phosphatidylethanolamine fraction ofRBC*
membranes

dpm PE/ml RBC (mean ± SD)

Time Combinations One-way anal ysis
(h) 1 2 3 4 of variance

0 255,41 1 ± 42,303 256,920 ± 56,433 237,705 ± 28,069 230,083 ± 24,259 NS

1 subset

4 972,587 ± 202,666 1,087,360 ± 346,653 729,635 ± 55,835 762,071 ± 94,996 NS

1 subset

9 1,352,505 ± 383,2 12 1,546,544 ± 463,861 1,015,448 ± 96,847 1,051,095 ± 125,113 p<0.02

2 subsets
11 1,477,638 ± 425,301 1,652,312 ± 495,495 1,081,933 ± 143,708 1,109,372 ± 130,829 p<0.02

2 subsets

... The abbre viations are as given in Table 1.

be drawn. Again, only five of the six patients studied showed
individually an abnormal transfer of FA into PE.

Release into serum. The in vitro release of p4C]linoieic acid
from the RBC into autologous and homologous serum went on

during the whole experiment (Fig. 2 and Table 3). From 9 h on,
the mean release of labeled linoleic acid into serum was signifi
cantly higher for combinations I and 2 than for 3 and 4 (P <
0.02, one-way analysis of variance). It is clear that no difference
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Fig. 2. In vitro release of [14C]linoleic acid from phosphatidylethanolamine into serum. The results are shown individually for the six CF patients

and the healthy subjects studied. The experimental conditions are as described in "Materials and Methods." e, Incubation of RBC of CF patients

in their own serum (combination I); 0 , incubation ofRBC of matched healthy subjects in their own serum (combination 4); .., incubation ofRBC
ofCF patients in homologous serum of matched healthy subjects (combination 2);!:l , incubation ofRBC of healthy subjects in homologous serum

of matched CF patients (combination 3).

Table 3. In vitrorelease oft 4C]linoleic acidfrom phosphatidylethanolamine into serum

dpm Serum/rnl RBC (mean ± SD)

Time Combinations One-way analysis
(h) I 2 3 4 ofvariance

0 160,106 ± 102,480 134,816 ± 32,605 101,132 ± 25,495 106,333 ± 28,893 NS·

1 subset
4 849,977 ± 245,952 972,602 ± 344,926 620,166 ± 54,367 631,181 ± 85,616 P<0.04

1 subset

9 1,254,200 ± 365,966 1,414,781 ± 476,737 897,370 ± 123,191 919,208 ± 92,101 P<0.02
2 subsets

11 1,340,671 ± 427,120 1,513,479 ± 498,896 949,143 ± 140,649 977,579 ± 126,965 P<0.02
2 subsets

• NS, not significant.

can be observed between combinations I and 2, and between 3
and 4 (combinations I and 2 form a homogeneous subset, while
3 and 4 form another one). Again , the RBC of one CF patient
show normal behavior: namely, a normal release of [14C]linoleic
acid from the RBC into autologous and homologous serum was
measured (Fig. 2).

Additional determinations. The results for serum vitamin E
and vitamin A and for globular resistance are shown in Table 4.
No correlation could be observed between the serum vitamin E
concentration of the CF patients and the degree of abnormality
of the FA turnover in the RBC. Furthermore, there was no
difference between the globular resistance of the CF patients and
the healthy controls. Therefore, it is not obvious that the changes
in FA turnover observed for the CF patients are caused by
vitamin E deficiency as described by some investigators (6, 10,
12).

The FA compositions of the RBC, platelet, and plasma lipids
for healthy subjects and for CF patient 6 are shown in Table 5.
The patterns for this particular CF patient are abnormal and are
in the range of the measurements done before for a group ofCF
patients with pancreatic insufficiency (l7-19).

Table 4. Serum vitamin E and A concentrations and globular
resistance for CF patients and healthycontrols (mean ± SD)

Serum Serum Hemolysis (% NaG)
vitamin E vitamin A

Groups (Ilg/ml) (Ilg/ml) First Complete

Healthy (n = 6) 7.5 ± 1.4 0.97 ± 0.10 0.45 ± 0.02 0.34 ± 0.02
CF (n = 6) 4.4 ± 2.5 0.90 ± 0.02 0.45± 0.02 0.34 ± om

DISCUSSION

The experiments described here were done with one labeled
fatty acid, namely [I4C]linoleic acid, because no difference was
detectable between the in vitro behavior of [I4C]linoleic versus
[3H]palmitic acid in CF patients compared with healthy subjects
(20). No extra precautions were taken to be sure that the healthy
subjects studied were not possible CF heterozygotes. It has been
shown before (20) that no significant difference could be observed
for the FA turnover in obligate CF heterozygotes and healthy
subjects.

The results of this study are generally a confirmation of our
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Table 5. FA composition ofRBC, platelet(PCfraction) and plasma lipids[nonesterified fatty acids (NEFA) and cholesterol esters]
for healthysubjects and for CF patient 6*

RBC
PC fraction (21)

Platelets
PC fraction

(unpublished data)

Plasma
NEFA fraction (20)

Plasma
cholesterol esters (19)

Healthy (n = 12) CF6 Healthy (n = 6) CF6 Healthy (n = 61) CF6 Healthy (n = 10) CF6

C16:0 34.1 ± 2.0 36.3 39.2± 2.5 39.7 25.3± 2.5 36.7 9.9 ± 0.9 15.0
C16: 1 Traces 4.1 5.4 ± 2.3 2.5 3.1 ±0.6 8.8
CI8:o 12.3 ± 0.7 10.7 16.2 ± 1.3 11.2 10.4 ± 2.3 7.4 2.1 ± 0.4 6.5
C18:lw9 19.4 ± 0.9 21.8 20.9 ± 0.7 23.2 37.5± 3.5 35.9 16.9 ± 2.3 16.6
CI8:2w6 21.5 ± 1.7 15.5 12.2 ± 2.2 6.2 17.6 ± 4.3 12.5 56.1 ± 4.0 41.7
C20:30>6 1.9± 0.4 3.0
C20:4<.>6 5.2 ± 0.9 6.8 12.5 ± 1.9 15.6 7.2 ± 2.0 7.3
C22 :4<.>6 0.6 ± 0.3 0.6

* The results are expressed as percentage of total FA;for healthy subjects, the mean ± SD is presented.

previous findings (20). However , an important additional obser
vation is the fact that not all of the CF patients examined
individually show abnormal in vitro behavior of their RBC. Of
the 10 CF patients examined so far, nine showed individually an
increased FA turnover. The RBC of one CF patient (patient 6)
had completely normal in vitro behavior in our experiments.
This CF patient suffered from pancreatic insufficiency but his
general condition was very good in comparison with the other
CF patients studied. One wonders what might be different in this
patient. From the results of Table 5, it would not seem that it is
a simple matter of FA concentrations.

The increased in vitro FA turnover can be intrinsic to the
membranes or may be caused by extrinsic serum factors. From
the results (Figs. I and 2), it appears that the abnormality occurs
only in those incubations where RBC ofCF patients are involved
(combinations I and 2) and not where RBC of healthy subjects
are incubated in serum of CF patients (combination 3). Conse
quently, it may be concluded that the abnormal FA turnover,
occurring in the RBC phospholipids of most CF patients, is
intrinsic to the RBC and is not induced by extrinsic serum
factors. Unfortunately, the results obtained here cannot be com
pared with data in the literature, because as far as we know, they
are not available. The only study which has some relation with
our own work is the study by Chase et at. (3). They reported that
under some conditions CF fibroblasts cultured with ['4C]linoleic
acid in different media were able to incorporate more radioactiv
ity into their phospholipids than controls.

An increased FA turnover in the RBC is clearly present in
nine of the 10 CF patients examined, but no in all of them . It
remains necessary to study more subjects, especially in relation
to the state of their disease. An important question must be
answered: namely, if this abnormality is also detectable in CF
patients without pancreatic insufficiency. It is worthwhile to
follow up a number of CF patients in order to detect any
correlation between the FA composition of the plasma and RBC
lipids, the in vitroFA turnover of the RBC, and the evolution of
the disease. Furthermore, it would be of great interest to study
patients with essential fatty acid deficiency, thus controls with
low lipid levels oflinoleic and linolenic acids. If the FA turnover
of the RBC of CF patients were still higher, our results would be
more suggestive of a primary defect.
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Metabolic Consequences of Intrauterine Growth
Retardation in Very Low Birthweight Infants
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Summary

By the combination of energy and macronutrient balances,
continuous open circuit computerized indirect calorimetry, and
anthropometry, we have compared small for gestational age
(SGA) and appropriate for gestational age (AGA) very low
birthweight infants with respect to metabolizable energy intake
(mean ± SE: 125.9 ± 2.5 versus 130.4 ± 3.5 keal/kg-day), energy
expenditure (67.4 ± 1.3 versus 62.6 ± 0.9 kcal/kg -day), storage
of energy and macronutrients and growth. Fourteen studies in six
SGA infants (gestational age, 33.1 ± 0.3 weeks; birthweight,
1120 ± 30 g) and 22 studies in 13 AGA infants (gestational age,
29.3 ± 0.4 weeks; birthweight, 1155 ± 40 g) were performed.
The SGA infants had a lower absorption of fat (68.7 ± 3.2 versus
79.7 ± 1.7%) and protein (69.1 ± 3.2 versus 83.4 ± 1.5%) and
hence increased (P < 0.001) energy loss in excreta (29.9 ± 2.8
versus 18.2 ± 1.5 kcal/kg-day). The significant hypermetabolism
of SGA infants by 4.8 kcal/kg- day was associated with an
increased fat oxidation. Despite lower energy storage, SGA in
fants were gaining weight (19.4 ± 0.9 g/kg-day), length (1.25 ±
0.14 em/week), and head circumference (1.16 ± 0.9 em/week) at
higher rates than the AGA group. The energy storage per g
weight gain was lower (P < 0.001) in the SGA group (3.0 ± 0.14
versus 4,26 ± 0.26 kcal) reflecting higher water, lower fat (22.2
± 1.8 versus 33.8 ± 2.5%; P < 0.001) and lower protein (7.7 ±
0.5 versus 12.5 ± 0.8%; P < 0.001) contents of weight gain in
the SGA group.

Abbreviations

SGA, small for gestational age
AGA, appropriate for gestational age
VLBW, very low birth weight

The infant who has suffered from intrauterine malnutrition
early in the third trimester of pregnancy is potentially at risk for
continued growth retardation (I, 12), as well as learning and
behavioral problems (2, 13, 28). These disorders appear to be
more prominent among those children whose growth failure

began before 26-34 weeksof gestation, in a pregnancy proceeding
until near term (II, 16). These findings have encouraged the
delivery ofSGA infants wellbefore term in an attempt to decrease
perinatal mortality (41) and to avoid further undernutrition at a
critical period of rapid growth rate (42). In order to devise proper
feeding regimens for these high risk infants, the metabolic con
sequences of intrauterine growth retardation need to be under
stood.

The hypermetabolism of malnourished newborns has been
described by a number of authors (20, 33, 35). However, a
quantitative evaluation of the energy metabolism and substrate
utilization in SGA infants of VLBW kept on the same diet as
AGA matched controls has not been previously documented.
We have evaluated and compared the utilization and storage of
energy and macro nutrients as well as the quality of growth of
preterm VLBW SGA and AGA infants.

PATIENTS AND METHODS

Fourteen studies were undertaken in 6 SGA VLBW «1300 g
birth weight) infants. All were below the third percentile at birth
for weight, length, and head circumference as determined from
Usher's intrauterine growth charts (40). Gestational age was
calculated from the mothers' last menstrual period and con
firmed by clinical evaluation (10). In four, the growth retardation
was due to maternal toxemia or hypertension, and no cause was
determined in the remaining two infants. No malformations or
intrauterine infections were documented. Three studies were
conducted for three of the infants , and in two infants, two studies
were performed, at intervals of 1 or 2 weeks. For comparison,
22 studies in 13 AGA VLBW infants of similar birth weight and
postnatal age are presented. The clinical characteristics of these
two groups of VLBW preterm infants , cared for under the same
thermoneutral conditions (19), are shown in Table 1.

Patients selected for this seriesofstudies have met the following
criteria: I) birth weight is less than I.3 kg; 2) they were either
appropriate for gestational age (AGA group) or small for gesta
tional age (SGA group) as assessed from mother's last menstrual
period and clinical criteria (10, 40,41); 3) they were free from
congenital anomalies and intrauterine infections; 4) they were


	Abnormal Fatty Acid Turnover in the Phospholipids of the Red Blood Cell Membranes of Cystic Fibrosis Patients (in Vitro Study)
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES AND NOTES


