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Abstract This study was aimed at redefining criteria for essen-
tial fatty acid (EFA) deficiency with the use of the direct
transesterification procedure (1986. J Lipid Res. 27: 114-120)
and at determining whether a simple assay of total fatty acids
(FA) is as predictive of EFA deficiency as the FA pattern from
plasma, red cell, and platelet phospholipids. Fasting blood
samples were taken from 163 cystic fibrosis (CF) patients who
were encouraged to consume 35-40% of their calories as fat.
Their mean (+ SD) age was 9.6 + 4.8 yr. The control group
consisted of 44 unaffected siblings aged 13.1 + 3.1 yr. The
20:3(n-9)/20:4(n-6) ratio in 77 (47%) CF children was more
than 2 SD above the values (mean + SD) of 0.021 + 0.007 ob-
tained in the 44 controls. Groups of EFA-sufficient (n = 10) and
EFA-deficient (n = 7) subjects were selected for further studies.
The plasma total FA 20:3(n-9)/20:4(n-6) ratios of 0.029 + 0.003
in EFA-sufficient and of 0.216 + 0.103 in EFA-deficient was as
good a discriminant as FA in phospholipids from plasma, red
cell PC, and platelets. Among the 21 individual fatty acids,
20:3(n-9), which was also found in controls, and 16:1(n-7)
(palmitoleic) proved to be the most sensitive indices of EFA defi-
ciency. They are equally reliable in plasma, red cells, and plate-
lets, but the inverse linear relationship (r = - 0.91) between the
n-7 family and 18:2(n-6) proved to be more closely associated
with EFA deficiency than the one (r = 0.66) between 20:3(n-9)
and 20:4(n-6). In view of these findings, we recommend that
close monitoring of plasma FA be carried out in CF because of
the high incidence of EFA deficiency despite efforts to improve
and liberalize fat intake. — Lepage, G., E. Levy, N. Ronco, L.
Smith, N. Galeano, and C. C. Roy. Direct transesterification of
plasma fatty acids for the diagnosis of essential fatty acid defi-
ciency in cystic fibrosis. J. Lipid Res. 1989. 30: 1483-1490.

Supplementary key words linoleic acid ¢ palmitoleic acid »  gas-
liquid chromatography « desaturase

Malnutrition and failure to thrive are two common and
severe manifestations of cystic fibrosis (CF) closely related
to survival (1). They are due to insufficient energy intake
(2-4) despite increased need (5) compounded by infec-
tions, chronic lung disease, and malabsorption. Although
clinical evidence of essential fatty acid (EFA) deficiency

has rarely been reported, a number of studies have
documented its high incidence on the basis of plasma
lipids (6, 7), erythrocyte and platelet phospholipids (PL)
(8), as well as in tissue PL (9).

As constituents of cell membranes, EFA have profound
effects on membrane fluidity and function (10). There is
evidence that EFA deficiency may have an impact on the
clinical status of patients through altered eicosanoid pro-
duction (11, 12) and immune function both of which
could, affect progression of the pulmonary disease (13).
Furthermore, progress in analytical procedures (14) and
refinements of gas-liquid chromatography technology
with the advent of capillary columns have improved the
precision, the accuracy of separation, and the threshold of
detection.

The aims of this study were twofold: ) to redefine
criteria of EFA deficiency using state of the art methods,
and 2) to determine whether a simple assay of total
plasma FA is as predictive of EFA deficiency as the FA
pattern from plasma, red cell, and platelet PL.

MATERIALS AND METHODS

Study subjects

Blood samples were collected with EDTA as anti-
coagulant in the fasting state (for a minimum of 12 h)
from 163 CF patients randomly selected from a total of
297 children and adolescents attending the CF clinic.

Abbreviations: EFA, essential fatty acid; CF, cystic fibrosis; PL,
phospholipid; PC, phosphatidylcholine; PE, phosphatidylethanolamine;
PUFA, polyunsaturated fatty acid; RBC, red blood cells; TLC, thin-
layer chromatography.

"To whom reprint requests should be addressed at: Pediatric Research
Center, Hoépital Ste-Justine, 3175 Ste-Catherine road, Montréal,
Québec, Canada, H3T 1C5.
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TABLE 1.

Clinical characteristics of cystic fibrosis patients
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These patients with an age range of 1 to 23 yr and a mean
(+ SD) of 9.6 + 4.8 yr were encouraged to consume
35-40 % of their calories as fat but no dietary records were
kept. The control group consisted of 44 unaffected sib-
lings aged 8-21 yr (13.1 + 3.1 yr). Using the ratio of
20:3(n-9)/20:4(n-6) in plasma as a measure of essential
fatty acid status, two subgroups consisting of EFA-
deficient (n = 7) and EFA-sufficient (n = 10) subjects
were chosen from the each tail of the distribution curve.
The EFA-sufficient group had a 20:3(n-9)/20:4(n-6) ratio
that did not differ from that of 44 controls whereas the
ratio for the EFA-deficient children was >0.1. The two
groups of CF children were asked to stop all medications
for 10 days except pancreatic enzymes and vitamins. The
clinical characteristics of the CF children (Table 1) show
that the EFA-deficient group differed from the EFA-
sufficient patients in terms of Z score for height, steator-
rhea, vitamin E status, and liver function tests. Further-
more, three of the seven EFA-deficient patients had
clinical, biochemical, and ultrasound evidence of chronic
liver disease. The study protocol was approved by the
Ethics Committee of 'Hopital Ste-Justine, November 6,
1986.

Methods

For the screening study, 4 ml of blood was collected into
ice-cooled EDTA (1.5 g/l) tubes. Plasma was kept at
~50°C and total fatty acid analysis on 100 ul was per-
formed within 1 month of collection as described pre-
viously (14) and summarized below.

In patients and controls selected for more complete
evaluation of their EFA status, 500 pl of plasma was also
processed for fatty acid analysis of the various species of
PL. Total lipids were extracted by the method of Folch,
Lees, and Sloane Stanley (17). The PL were separated by
TLC (18) and visualized with iodine vapor. Each one of
the five spots corresponding to sphingomyelin, phosphati-
dylcholine (PC), phosphatidylserine, phosphatidylino-
sitol, and phosphatidylethanolamine (PE) was scraped off
and directly transesterified with 200 ul of acetyl chloride,
after addition of 250 nmol of 13:0 as internal standard, in
2 ml of methanol-benzene 4:1 (v/v) (14). Red blood cells
(RBC) were washed three times with isotonic saline
before being frozen at — 50°C until determination of the
fatty acid pattern of the five species of PL using the proce-
dure described above for plasma.

Platelet PL required the collection of 15 ml of whole
blood flowing freely without the help of a tourniquet into
tubes containing sodium citrate (4 g/1) and citric acid (0.5
g/). In order to obtain washed platelets, platelet-rich
plasma was centrifuged at 1350 g for 15 min and platelets
were resuspended in a 2% EDTA-saline solution. Three
further washings were carried out as published elsewhere
(19) before freezing the pellet at —50°C. In view of the
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small size of the pellets, the assay was limited to the deter-
mination of total PL. Platelet PL were separated from
other classes of lipids by TLC using the solvent system:
hexane-diethyl ether-glacial acetic acid 80:20:3 (v/v/v).

Fatty acid methyl esters, products of a direct transes-
terification procedure with acetyl chloride (14), were in-
jected into a 60-m fused silica capillary column coated
with SP-2331. Analysis was performed on a Hewlett-
Packard 5880 gas chromatograph as described earlier
(20).

Statistical analysis

The data were evaluated by ANOVA and the difference
between the means was analyzed by the Scheffe procedure
for groups of unequal size. The level of significance was
set at 0.05. The stepwise discriminant analysis technique
(21) was used to identify which plasma FA % or FA ratio
contributed to the identification of the EFA deficiency.

RESULTS

The plasma fatty acid pattern of the 163 CF children
revealed that 77 (47 %) had a 20:3(n-9)/20:4(n-6) ratio
that was more than 2 SD above the values (mean + SD)
of 0.021 + 0.007 obtained in the 44 controls. The cor-
responding ratios for the EFA-sufficient (n = 10) and
EFA-deficient (n = 7) groups studied in greater detail
with an appropriate number of controls (n = 13 to 44)
were 0.029 + 0.003 and 0.216 + 0.103, respectively, at a
P value <0.05 (one-tail ¢-test). Total plasma FA concen-
tration in the EFA-sufficient group (9253 + 510 pmol/l)
did not differ from those of the EFA-deficient
(8575 + 676) and from controls (8957 + 220).

Table 2 shows the plasma fatty acid pattern of the 44
controls and of the two CF groups. The EFA-sufficient pa-
tients did not differ from controls with the exception of a
marginally lower level of linoleic acid 18:2(n-6) and
changes in the n-3 family characterized by higher concen-
trations of both 18:3(n-3) as well as of 20:5(n-3). The
changes observed in the EFA-deficient group were exten-
sive and can be summarized as follows. 1) As a group, the
saturates had a tendency to be higher except for 18:0,
22:0, and 24:0. 2) The n-7 family was strikingly in-
creased. In comparison with both controls and EFA-
sufficient, 6:1(n-7) and 18:1(n-7) were elevated by 180 %
and 82 %, respectively. 3) Concentrations of FA belonging
to the n-9 family were all increased. Of note is the fact
that in both controls and EFA-sufficient children, 20:
3(n-9) accounted for a significant percentage of total FA
(0.17 + 0.01 and 0.21 + 0.02, respectively). However, in
the EFA-deficient group, there was more than a fourfold
increase of 20:3(n-9), originating from oleic acid (18:1(n-
9). 4) Of the two families of essential fatty acids, n-3 and

Lepage et al.

TABLE 2. Plasma total fatty acids’

Cystic Fibrosis

Fatty Controls EFA-Sufficient EFA-Deficient
Acid (44) (10) o
mol % mol %

12:0 0.17 ¢+ 0.02 0.32 + 0.13 0.44 + 0.13°
14:0 1.15 + 0.05 1.54 + 0.09° 2.02 + 0.12
16:0 22.11 + 0.22 23.23 + 0.40 27.41 + 1.04
18:0 7.57 ¢+ 0.11 7.46 + 0.16 6.60 + 0.32°
20:0 0.39 + 0.02 0.49 + 0.03 0.54 + 0.08
22:0 0.72 + 0.02 0.58 + 0.02° 0.41 + 0.0%
24:0 0.28 + 0.02 0.24 + 0.04 0.25 + 0.04
16:1(n-7) 1.84 + 0.08 2.40 + 0.17 5.16 + 0.82°
18:1(n-7) 1.54 + 0.04 1.61 + 0.07 2.81 £ 0.27
18:1(n-9) 19.58 + 0.36 21.16 + 0.84 24.53 + 1.54°
20:3(n-9) 0.17 + 0.01 0.21 + 0.02 0.89 + 0.22;
24:1(n-9) 0.42 + 0.03 0.58 + 0.06 0.79 + 0.09
18:2(n-6) 28.75 + 0.48 25.08 + 1.44° 15.96 + 2.3%°
20:2(n-6) 0.2¢ + 0.01 0.27 + 0.10 0.20 + 0.01°
20:3(n-6) 1.73 + 0.04 1.90 + 0.11 1.48 + 0.07°
20:4(n-6) 8.03 + 0.17 7.09 + 0.33 599 1+ 0.83°
22:4(n-6) 0.38 + 0.02 0.30 + 0.02 0.32 + 0.02
18:3(n-3) 0.55 + 0.02 0.78 + 0.1% 0.46 + 0.10
20:5(n-3) 0.70 + 0.07 1.11 + 0.15° 0.64 + 0.06
22:5(n-3) 0.79 + 0.06 0.69 + 0.04 0.44 + 0.04
22:6(n-3) 1.69 + 0.07 1.62 + 0.13 1.23 + 0.18

“Results are expressed as mol% of total fatty acids present. All data
represent mean values + SEM.

‘Different from controls.

‘Different from the other two groups.

n-6, differences between the EFA-deficient group and con-
trols were limited to the n-6 family. They were all de-
creased, but linoleic acid was more significantly affected.

Totals for the various species and families of fatty acids
as well as ratios of relevant FA for assessment of EFA-
deficiency and for calculation of desaturase index ac-
tivities are shown in Table 3. As expected from the data
in Table 2, the percentage of saturated FA and of polyun-
saturated fatty acids (PUFA) and the ratios between
EFA/non-EFA as well as PUFA/saturated were altered in
EFA-deficient when compared with EFA-sufficient sub-
jects and controls. Of interest are the observations that
the EFA-sufficient also had lower EFA/non-EFA and
PUFA/saturated ratios than controls. Tabulation of the
percentage of total FA accounted for by individual fami-
lies did not offer any difference except for the fact that the
n-3 family was higher in the EFA-sufficient children than
in the other two groups. The most striking finding in the
EFA-deficient was a twofold increase of the n-7 family.
The commonly used index for essential FA deficiency, the
ratio of 20:3(n-9)/20:4(n-6), was 10 times higher in EFA-
deficient than in EFA-sufficient and controls while that of
16:1(n-7)/18:2(n-6) also proved to be a good discriminant.
The relationship between these two ratios in the three
populations is shown in Fig. 1 and Fig. 2. There was a
close inverse correlation for both but less scatter was seen

Essential fatty acid deficiency in cystic fibrosis 1485
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TABLE 3. Plasma total fatty acids and desaturase index activity

Cystic TFibrosis
Controls EFA-Sufficient EFA-Deficiem
Fatty Acid (44) (10 (7)
Plasma total fatty acids
Saturated (%) 32.78 + 0.30 34.31 + 0.62 38.32 + 1.05"
PUFA (%) 43.00 + 0.48 39.03 + 1.60 26.71 + 3.27"
PUFA/saturated’ 1.320 + 0.026 1.148 + 0.064° 0.710 + 0.100°
Total n-3 (%) 3.36 + 0.12 4.38 + 0.27° 2.78 + 0.26
Total n-6 (%) 39.64 + 0.55 34.65 + 1.51° 23.94 + 3.11°
Total n-7 (%) 3.39 + 0.09 4.010 + 0.21 7.97 + 1.06°
Total n-9 (%) 20.19 + 0.36 21.98 + 0.87 26.26 + 1.64°
16:1(n-7)/18:2(n-6) 0.067 + 0.004 0.102 + 0.013 0.426 + 0.121°
20:3(n-9)/20:4(n-6) 0.021 + 0.001 0.029 + 0.003 0.216 + 0.103°
EFA/non-EFA’ 0.777 + 0.018 0.657 + 0.043 0.385 + 0.062°
Desaturase index activity
A® (20:3(n-6)/18:2(n-6)) 0.061 + 0.002 0.077 + 0.005° 0.104 + 0.013°
A® (18:1(n-9)/18:0) 2.625 ¢+ 0.076 2.840 + 0.100 3.800 + 0.370°
A® (16:1(n-7)/16:0) 0.083 + 0.003 0.103 + 0.006 0.185 + 0.026"

“Different from the other two groups.
"Double bond index
‘(0-6) + (n-3)/(n-7) + (n-9) + saturated.

around the regression line for n-7 family/18:2(n-6) (Fig. 2)
than for 20:3(n-9)/20:4(n-6) (Fig. 1). From the 21 plasma
FA (Table 2) and the total of 13 variables obtained
through the analysis of plasma FA (Table 3), a stepwise
discriminant analysis (21) was performed to identify the
best discriminants for EFA deficiency. The percentage of
total n-7 (16:1(n-7) + 18:1(n-7)) proved to be the best dis-
criminant. Derivative/precursor ratios taken as indices of
FA desaturase activities illustrate that A® desaturase was
higher in EFA-deficient as well as in EFA-sufficient groups

22r
20 [
10+
08

06

20:3(n-9)

04|

02

than in controls. However, the two indices for A°
desaturase show a higher activity only in the EFA-
deficient group.

The FA pattern of plasma phosphatidylcholine which
represents 78 % of total PL is shown in Table 4 and mir-
rors the one tabulated for total plasma FA (Table 2).
However, it does seem to be a more sensitive index of EFA
deficiency in that a somewhat larger percentage of 16:1(n-
7) and 20:3(n-9) are found in the plasma PC FA pattern
than in the total FA pattern. Furthermore, the precursor

6 8 10 12

204 (n-6)

Fig. 1. Linear plot of the relationship between plasma values (percentage of total) of 20:4(n-6) and 20:3(n-9) in controls (O), CF with essential
fatty acid sufficiency (X), and CF with essential fatty acid deficiency (l). The equation is y = -0.17x + 1.58 (P<0.001), r = -0.667.
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Fig. 2. Linear plot of the relationship between plasma values (percentage of total) of linoleic acid and the total n-7 family (16:1(n %) + 18:1(n-7))
in controls (O), CF with essential fatty acid sufficiency (X), and CF with essential fatty acid deficiency (). The equation is y = -0.83x + 12.64

(P < 0.0001), r = -0.91.

of arachidonic acid, 20:3(n-6), which was only slightly in-
creased in total plasma, showed a significant augmenta-
tion in the EFA-sufficient children.

The values for total RBC PL (mmol/l) of 1.59 + 0.08
in controls, 1.70 + 0.10 in EFA-sufficient subjects, and
1.75 + 0.11 in EFA-deficient subjects did not differ, nor
did the percentage of individual species of PL. Of the fat-
ty acid patterns obtained from each PL fraction, those ob-
tained for PC and PE, which account for close to two
thirds of total PL, are shown in Table 5 and Table 6. The
fatty acid pattern of RBC PL showed that 16:1(n-7),
18:1(n-7), and 20:3(n-9) were decreased to the same extent
in the PC as in the PE of EFA-deficient children. How-
ever, for both 18:2(n-6) and 20:4(n-6), trends to lower
values were observed but significance was only docu-
mented for PC 18:(n-6) (Tables 5 and 6). There was no
difference between the platelet PL (nmol/mg protein)
values of 94.1 + 7.3 in controls, 82.5 + 5.0 in EFA-
sufficiency, and 112.4 + 21.1 in EFA-deficiency. However,
the EFA-deficient group showed only a marginally lower
percentage of 18:2(n-6) and of 20:4(n-6), whereas 16:1(n-
7), 18:1(n-7}, and 20:3(n-9) were increased (Table 7).

DISCUSSION

This study has shown that there was a high percentage
(47 %) of CF children with biochemical evidence of EFA
deficiency despite the fact that they regularly attended a
CF clinic staffed by health professionals who advocate the
consumption of a high energy diet with 35-40% fat. A
further conclusion is that with the added precision of

Lepage et al.

direct transesterification and the better separation of fatty
acids with a 60-m capillary column, total FA analysis on
100 pl of plasma provides as good an assessment of EFA

TABLE 4. Fatty acids in plasina phosphatidylcholine®

Cystic Fibrosis

Fatty Controls EFA-Sufhcient EFA-Deficient
Acid (18) (10) (7
mol % mol %

12:0 0.04 + 0.01 0.06 + 0.01 0.06 + 0.01
14:0 0.43 + 0.03 0.63 1 0.04' 0.70 £ 0.05°
16:0 34.84 + 065 34.84 + 0.48 40.97 + 0.94
18:0 15.65 + 0.50 16.38 + 0.54 13.41 + 1.17°
20:0 0.08 + 0.01 0.08 + 0.0t 0.08 + 0.01
22:0 0.06 + 0.01 0.07 + 0.01 0.07 + 0.01
24:0 0.05 + 0.0t 0.06 + 0.01 0.04 + 0.01
16:1(n-7) 0.48 + 0.04 0.67 + 0.07 1.86 + 0.36°
18:1(n-7) 181 + 0.08 1.62 + 0.07 2.52 ¢ 0.22°
18:1(n-9) 12.41 + 0.33 12,14 + 0.58 16.71 + 1.64°
20:3(n-9) 0.16 + 0.01 0.23 + 0.02 1.07 + 0.33°
24:1(n-9) 0.10 £+ 0.01 0.10 + 0.01 0.12 + 0.01
18:2(n-6) 19.01 + 0.33 17.60 + 0.79 12.16 + 1.52
20:2(n-6) 0.28 + 0.01 0.34 + 0.02 0.26 + 0.02
20:3(n-6) 250 + 0.09 5.10 + 0.22 2.11 + 0.11
20:4(n-6) 7.7% + 0.25 7.1 + 033 5.37 + 0.96’
22:4(n-6) 0.34 + 0.02 0.39 + 0.04 0.31 + 0.02
18:3(n-3) 0.17 + 0.01 0.24 + 0.03 0.15 + 0.02
20:5(n-3) 0.50 + 0.03 083 + 010 0.48 + 0.06
22:5(n-3) 0.67 + 0.05 0.84 + 0.06 0.41 + 0.09
22:6(n-3) 1.54 + 0.09 1.58 + 0.21 0.84 + 0.19

“Results are expressed as mol% of total fatty acids present. All data

represent mean values + SEM.

"Different from controls.
‘Different from the other two groups.
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TABLE 5. Fatty acids in red cell phosphatidylcholine’ TABLE 7. Fatty acids in total platelet phospholipids’
Cystic Fibrosis Cystic Fibrosis
Fatty Controls EFA-Sufficient EFA-Deficient Faury Controls EFA-Sufficient EFA-Deficient
Acid (13) ©) % Acid (15) I (5)
mol % mol % nmol/mg protein nmol/mg protein
12:0 0.07 + 0.01 0.09 + 0.01 0.10 + 0.02 12:0 0.13 + 0.02 0.09 + 0.02 0.18 + 0.10
14:0 0.60 + 0.05 0.91 + 0.06° 0.96 + 0.07° 14:0 0.46 + 0.04 0.52 + 0.03 0.77 + 0.23
16:0 40.17 + 1.00 40.05 + 0.51 43.13 + 1.26 16:0 21.46 + 0.67 22.32 + 1.05 28.10 + 3.72°
18:0 12.98 + 0.53 13.19 + 0.31 9.16 + 0.73° 18:0 23.08 + 0.66 21.60 + 0.70 22.10 + 1.70
22:0 0.12 + 0.01 0.13 + 0.02 0.31 ¢+ 0.22 20:0 2.10 + 0.08 1.97 + 0.11 1.84 + 0.10
24:0 0.12 + 0.01 0.16 + 0.02 0.24 + 0.10 22:0 4.09 + 0.13 3.70 £ 0.16 3.87 + 0.46
16:1(n-7) 0.38 + 0.03 0.54 + 0.05 1.61 + 0.30° 24:0 1.46 + 0.08 1.47 + 0.10 1.50 + 0.24
18:1(n-7) 1.92 + 0.07 1.79 + 0.06 2.73 + 0.26° 16:1(n-7) 0.20 + 0.01 0.28 + 0.03 0.61 + 0.13°
18:1(n-9) 16.90 + 0.33 16.75 + 0.42 21.08 + 1.67° 18:1(n-7) 1.15 + 0.04 1.16 + 0.02 1.48 + 0.14
20:3(n-9) 0.10 + 0.01 0.11 £ 0.01 0.62 + 0.19° 18:1(n-9) 14.10 + 0.28 14.60 + 0.50 12.70 + 1.5
24:1(n-9) 0.29 + 0.01 0.37 + 0.04 0.32 + 0.02 20:3(n-9) 0.19 £ 0.01 0.21 + 0.02 0.50 + 0.13°
18:2(n-6) 16.27 + 0.86 16.04 + 0.60 11.23 + 1.15° 24:1(n-9) 1.59 + 0.08 1.84 + 0.07 1.62 + 0.09
20:2(n-6) 0.29 + 0.02 0.31 + 0.02 0.25 ¢+ 0.01 18:2(n-6) 4.06 £+ 0.15 4.28 + 0.43 3.05 + 0.58
20:3(n-6) 1.44 + 0.11 1.77 + 0.11 1.49 + 0.06 20:2(n-6) 0.46 + 0.05 0.38 + 0.05 1.24 + 0.64
20:4(n-6) 4.70 + 0.27 4.32 + 0.27 3.78 + 0.42 20:3(n-6) 1.03 + 0.08 1.28 + 0.08 1.08 + 0.03
22:4(n-6) 0.24 + 0.01 0.23 + 0.02 0.22 + 0.02 20:4(n-6) 18.57 + 1.10 18.90 + 1.30 16.10 + 3.40
18:3(n-3) 0.14 + 0.01 0.21 + 0.02 0.29 + 0.06° 22:4(n-6) 1.70 + 0.16 1.52 + 0.15 1.66 + 0.20
20:5(n-3) 0.27 + 0.05 0.42 + 0.04 0.35 + 0.03 18:3(n-3) tr tr tr
22:5(n-3) 0.28 + 0.03 0.32 + 0.03 0.23 + 0.03 20:5(n-3) 0.25 + 0.02 0.38 + 0.04 0.37 + 0.06’
22:6(n-3) 0.88 + 0.09 0.86 + 0.05 0.57 + 0.09 22:5(n-3) 1.03 + 0.11 1.01 + 0.07 1.38 + 0.06
22:6(n-3) 1.14 + 0.11 0.91 + 0.11 1.32 + 0.12

“Results are expressed as mol% of total fatty acids present. All data

represent mean values + SEM.

*Different from controls.
‘Different from the other two groups.

TABLE 6. Fatty acids in red cell phosphatidylethanolamine”
Cystic Fibrosis
Fatty Controls EFA-Sufficient EFA-Deficient
Acid (13) 1) 7
mol % mol %

12:0 0.14 + 0.01 0.20 + 0.04 0.17 + 0.02
14:0 0.41 + 0.05 0.73 + 0.20 0.51 + 0.09
16:0 23.73 + 0.80 24.57 + 0.57 27.47 + 0.75°
18:0 10.11 + 0.28 9.78 + 0.35 9.81 + 0.53
20:0 0.41 + 0.03 0.45 + 0.06 0.52 + 0.04
22:0 0.28 + 0.03 0.35 £ 0.03 0.27 + 0.04
24:0 0.47 + 0.04 0.58 + 0.08 0.52 + 0.08
16:1(n-7) 0.26 + 0.02 0.32 + 0.04 0.93 + 0.15°
18:1(n-7) 1.65 + 0.05 1.52 + 0.06 2.37 £ 0.27°
18:1(n-9) 23.65 + 0.55 23.65 + 0.87 22.73 + 0.61
20:3(n-9) 0.12 + 0.01 0.14 + 0.01 0.54 + 0.17°
24:1(n-9) 0.39 + 0.04 0.43 + 0.06 0.41 + 0.04
18:2(n-6) 6.25 + 0.31 6.36 + 0.31 5.27 + 0.58
20:2(n-6) 0.34 + 0.01 0.35 + 0.03 0.25 + 0.02°
20:3(n-6) 1.02 + 0.08 1.26 + 0.11 1.22 + 0.19
20:4(n-6) 17.18 + 0.64 16.22 + 0.91 15.15 + 0.78
22:4(n-6) 4.78 + 0.27 4.34 + 0.29 3.71 + 0.36
18:3(n-3) 0.16 + 0.01 0.22 + 0.02 0.27 + 0.06°
20:5(n-3) 0.75 ¢+ 0.06 1.00 + 0.08 0.94 + 0.09
22:5(n-3) 2.03 + 0.15 2.18 + 0.16 1.91 + 0.15
22:6(n-3) 2.77 ¢ 0.21 2.54 + 0.30 2.18 + 0.22

“Results are expressed as mol% of total fatty acids present. All data

represent mean values + SEM.

'Different from controls.
‘Different from the other two groups.
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“Results are expressed as a % (nmol/mg protein) of total fatty acids
present. All data represent mean values + SEM.

'Different from controls.

‘Different from the other two groups.

status as the FA profile of plasma, red cell, and platelet
PL.

The ratio of triene/tetraene first proposed by Holman
(22) and redefined since the advent of gas-liquid chroma-
tography as the ratio of 20:3(n-9)/20:4(n-6) has stood the
test of time (23, 24). The refinements of technology used
in the present study permitted the identification of the so-
called abnormal metabolite of oleic acid, 20:3(n-9), even
in our control population made up of healthy siblings of
CF patients. As a result, the 20:3(n-9)/20:4(n-6) ratio
(mean + SD) obtained in controls (0.021 + 0.007) was
lower than the value (0.10 + 0.07) published 10 years ago
by Holman, Smyth, and Johnson (25). More recently,
Siguel et al. (24), using a 50-meter capillary column,
described ratios of 0.013 + 0.006 in their control popula-
tion. This small difference between their results and ours
appears to be accounted for by a somewhat lower level of
20:3(n-9) and a higher percentage of 20:4(n-6) in the 56
healthy adults he studied.

Almost 30 years ago, Holman (22) suggested that the
EFA status of animals could be assessed equally as well
from plasma as from the heart or from red cells. There is
a common belief that FA patterns are closely related to the
diet. Although this may be true of lipid components such
as nonesterified FA, triglycerides, and cholesteryl esters, it
does not appear to be true of PL (26). In fact, FA patterns
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of plasma and red cell PL in humans and animals with
EFA deficiency have been found to be similar to those of
tissue lipids (23). However, critiques have been leveled at
measurements of total PL. because some individual PL
fractions are reportedly more sensitive than others to EFA
deficiency. Our observations confirm the fact that the fatty
acid composition of PC in plasma and of both PC and PE
in red cells, which represent 79 % and 64 % of total PL in
plasma and red cells, respectively, are much more sen-
sitive to EFA deficiency than the other PL species. How-
ever, they represent no advantage over total plasma FA.

Platelets, like erythrocytes, occur as free-floating cells
in blood but they are an important source of eicosanoids.
It is, therefore, not surprising that the major eicosanoid
precursor, arachidonic acid, is more readily incorporated
into phospholipids than nonprecursor FA such as palmit-
ic, stearic, oleic, and linoleic acids (27). Results of platelet
phospholipids are consonant with those obtained in red
cells and plasma since the criteria for EFA deficiency—
20:3(n-9), 20:3(n-9)/20:4(n-6) and the n-7 family (16:1(n-
7) + 18:1(n-7)) — are all significantly increased in the EFA-
deficient subjects. Had FA patterns of PC, PE, and PI
been done individually, perhaps platelets would have
proven to be more sensitive. However, only total PL could
be done because of the limited amount of blood that could
be drawn from these children.

The use of the fatty acid composition of plasma and
tissue lipids as predictors of EFA intake and metabolism
is based on the fact that there is homeostatic control ex-
erted over the fatty acid pattern of plasma and structural
lipids (23). Studies of the parameters controlling the
kinetics of EFA metabolism have underlined the fact that
there is a close interdependency between saturated,
monounsaturated, and PUFA through competition for
the same enzymatic machinery. Each step of the biosyn-
thesis of the n-3, n-6, n-9, and n-7 series of PUFA is cata-
lyzed by microsomal chain elongation or desaturase
systems with affinities n-3 > n-6 > n-9 > n-7(28), con-
sistent with in vitro studies of enzyme substrate prefer-
ences (29). The ratio of 20:3(n-9)/20:4(n-6) for EFA defi-
ciency has stood the test of time but other indices have
been suggested. We have found in the EFA-deficient group
a high ratio of 16:1(n-7)/18:2(n-6) in total plasma FA as
well as in phospholipids of plasma, red cells, and platelets
thereby confirming a recent report (24). Upon correction
of EFA deficiency, it was noted that the increase in linoleic
acid was accompanied by a fall in the previously increased
palmitoleic acid (16:1(n-7)) to normal values (30). In our
hands, the n-7 family (16:1(n-7) + 18:1(n-7)) proved to be
the most sensitive discriminant for EFA deficiency.

Polyunsaturated fatty acids are synthesized by a se-
quence of desaturation of elongation reactions in micro-
somes and are affected by different dietary conditions. A°®
Desaturation is the determining factor in arachidonic acid
synthesis and its activity is increased in EFA deficiency

Lepage et al.

along with that of A°® desaturase (29, 31). Our results are
in accord with these observations. It is likely that the in-
crease in A® desaturase activity in EFA deficiency is a
physiological response to maintain the -unsaturated/
saturated FA ratio and fluidity as well as function of mem-
branes (29). Similarly, increased A desaturase in mem-
branes of EFA-deficient animals has been shown to be
correlated with decreased fluidity assessed by fluorescent
probes (32).

The high incidence of EFA deficiency in CF is consis-
tent with other studies (33) and is worrisome especially in
the context of our current understanding of the role of
EFA in human biology and of the likely impact of sub-
clinical EFA deficiency in CF. Easier control of chest in-
fections, marginally better respiratory function, and
perhaps extended survival following supplementary nutri-
tion programs may in part be due to correction of EFA
deficiency but this has yet to be documented. Although an
early study showed that selective administration of EFA
appeared to improve the clinical and/or biochemical sta-
tus of patients (34), this has not been confirmed by others
(6, 12, 30, 35). The only programs that were successful in
improving the EFA status of their patients were those pro-
viding a high level of energy (12). In view of these reports
and of our findings, we recommend that the nutritional
intake of calories be maximized in order to correct EFA
deficiency (36, 37) especially since arachidonic acid and
eicosanoids are important regulators of chloride transport
(38), currently thought to be the basic defect associated
with CF (39). 18
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