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Abstract--Antioxidants such as vitamin B proteet unsaturated fatty acids of LDL against oxidation. In the ex vivo mode! used,
DI, was exposed to Cu*' ions, a potent prooxidant capable of initialing the oxidation of LDL. The lag time, indicating the
delay ol conjugated diene formation in LDL due to antioxidant profection, was measured in 54 cystic fibrosis (CF) palients
with plasma ee-tocopherol levels below (Group A, n = 30) or above (Group B, n = 24) 5.9 umol/L (mean — 2 SD of Swiss
population). Patients were reevaluated after 2 months on 400 1U/d of oral RRR-e-tocopherol. In group A, e-tocopherol
concendrations in LI increased signilicantly from 3.2 = 1.6 mol/mol LDL to 8.2 * 2.8 mol/mol (P < 0.001) and lag times
increased from 79 0 33 min to 126 2 48 min (P < 0.001), whereas in the vitamin E sufficient group B no further increase
neither in LDL a-tocopherol concentrations or in lag (imes was observed, LDL olete acid concentrations were higher, and
linoleic acid concentrations were lower in patients than in controls. After efficient vitamin E supplementation, lag times were
positively related to LDL a-tocopherol (£ <2 0.01) and negatively to LDL linoleic and arachidonic acid content (£ < 0.001).
The maximum rate of oxidation correlated positively with linoleic and arachidonic acid concentrations, as did the maximum
conjugated diene absorbance, These resulls indicate that [LDL resistance to oxidation is impaired in vitamin E deficient CF
patients but can be normalized within 2 months when a-tocopherol is given in sufficient amounts. Linolcic and arachidonic acid
content exhibit a major influence on the LDL resistance to oxidation,

Keywords --~ce-Tocopherol, Low density lipoprotein, Oxidation resistance, Linoleic acid, Arachidonic acid, Cystic fibrosis, Free
radicals

INTRODUCTION clinical vitamin E deficiency in CF patients are limited.
Chronic lung inflammation 1s suggested (o cause an
increased release of oxygen-derived free radicals in the
presence of antioxidant deficiencies due to fat malab-

sorption, and the resulting oxidant—antioxidant imbal-

As a conscquence of fat malabsorption due to exocrine
pancreatic insufficiency,' subclinical vitamin E defi-
ciency is a frequent {inding in patients with cystic {i-

brosis (CF). In contrast, symptomatic vitamin E defi-
ciency is a rare event.” To prevent and treat vitamin E
deficiency, oral vitamin E supplementation has become
part of the therapeutic management of CF patients.”
However, vitamin E deficiency is not always reversed
by routine vitamin E supplementation,'

Thus far, data on the biological significance of sub-
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ance could lead to an enhanced free radical attack of
polyunsaturated fatty acids (PUFAs) of biomembranes
and lipoproteins and, consequently, to tissue injury.”
Data on the occurrence of lipid peroxidation in CF
patients is available {rom determinations of in vitro
peroxide induced red cell hemolysis,” thiobarbituric
acid reactive substances,” and hydrocarbon gas cxhala-
tion.™”

The aim of this study was to determine the signifi-
cance of subclinical vitamin E deficiency on the LDL
resistance Lo in vitro oxidative stress and the effects
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of correcting this deficiency in CF patients. In addition,
relationships between the LDL resistance to oxidation
and the fatty acid content of LDL were analyzed.

SUBJECTS

Patients

Fifty-four CF patients under long-term care in the
CF outpatient clinics of 10 different hospitals m Swit-
zerland, Austria, and Germany were enrolled. Thelr
ages ranged from 3 months to 34 years (median 9
years). The diagnosis of CF had been established by
typical clinical symptoms and elevated sweat electro-
lytes.'® All patients exhibited exocrine pancreatic in-
sufficiency and were treated with pancreatic enzymes.
Twenty-four patients were on long-term oral vitamin
E supplementation in dosages of 50 to 800 IU/d prior
to study entry. Shwachman scores,'' indicating the
clinical disease status, were 77 + 19. No changes were
introduced in the therapeutic management during the
study period, except for intermittent antibiotic treat-
ment of acute pulmonary exacerbations. Patients were
considered vitamin E deficient and assigned to group A
if they had plasma a-tocophero! concentrations below
mean — 2 SD of the Swiss population (15.9 umol/1)**;
accordingly, those with plasma «a-tocopherol concen-
trations > 15.9 ymol/1 were assigned to group B.

Immediately after the baseline evaluation, patients
without supplements (n = 30) or with dosages < 400
IU/d (n = 12) were switched to 400 IU/d of RRR-
a-tocopherol, given in a single dose during breakfast.
Patients who were already taking vitamin E supple-
ments in dosages of 400 IU/d (n = 9), 600 IU/d
(n = 1), and 800 IU/d (n = 2) continued to do so.

Forty-seven of 54 patients had a second evaluation
after 2 months on vitamin E. Drop-outs were due to
death (n = 2), movement to another country (n = 2),
or vacation (n = 3). In two patients, either LDL «-
tocopherol concentrations at baseline or lag time values
at 2 months were missing. Thus, a complete set of data
for statistical analysis was available from 53 patients
at baseline and 46 patients at 2 months.

Controls

Twenty-three clinically healthy nomolipidemic
nonsmoking staff members aged 26 * 7 years from
the Departments of Pediatrics, University of Zurich
(n = 21), and University of Innsbruck (n = 2) served
as controls because it was ethically not acceptable to
draw the necessary amounts of blood from healthy
children. None of the controls was taking vitamin sup-
plements or medications other than oral contraceptives

(n = 6). All were on a regular diet. Controls had
a single evaluation including the same parameters as
assessed in patients to allow, by comparison, validation
of baseline values and evaluation of treatment efficacy.

The study protocol was approved by the Ethical
Committee of the Department of Pediatrics, University
of Zurich, and informed consent was obtained from
the patients or their parents and from controls.

METHODS

Immediately after blood was drawn after an over-
night fast, EDTA (0.1% final) plasma was prepared
and protected from light with aluminum foil by the
same Investigator (B.M.W.R.) in all CF centers.

Determination of LDL antioxidants and LDL
resistance to oxidation

The freshly prepared plasma samples (3 to 4 ml)
were shipped on wet ice by overnight courier to the
Institute of Biochemistry, University of Graz. LDL
was isolated by ultracentrifugation in a discontinuous
potassium bromide gradient containing 0.1% EDTA
using a Beckman SW 41 Ti-rotor, as described pre-
viously."” The LDL band was quantitatively collected
and diluted with PBS to give the same volume as the
centrifuged plasma sample (3 to 4 ml). The total cho-
lesterol concentrations of the LDL stock solutions were
determined with the CHOD-PAP kit from Boehringer
Mannheim. Based on this analysis, the LDL concentra-
tion was calculated as mg LDL mass/ml and umol
LDL/1, respectively, assuming an LDL cholesterol
content of 31.6 wt % and a molecular weight of 2500
kD both for CF patients and healthy subjects. An ali-
quot of the LDL stock solution was stored at 4°C for
not longer than 6 h for the determination of antioxi-
dants. Another aliquot was used immediately for the
oxidation assay. For the latter, EDTA and salt were
removed using prepacked Biogel P6 columns. Oxida-
tion was then performed under standardized condi-
tions* with 0.1 uM LDL in PBS (equal to 0.25 ml
LDL mass/ml) and 1.66 uM CuCl,. The oxidation of
L.DL was monitored spectrophotometrically by mea-
suring the conjugated diene (CD) absorbance at 234
nm. The oxidation indexes derived from the CD versus
time curves are lag time, maximum rate of oxidation
(dA/min), and maximum increase in CD absorbance
(Ajs). This oxidation assay has proved to be repro-
ducible with CV for multiple analyses of the same
LDL sample of 1.85% '* and multiple analyses of LDL
from a single donor of 8.8%."

Antioxidants in L.DL were determined as described
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Table 1. Tocopherol and Carotenoid Concentrations in Plasma and in LDL at Baseline and After 2 Months of Vitamin E Supplementation
in Group A (Plasma a-Tocopherol < 15.9 umol/l) and Group B (Plasma a-Tocopherol > 15.9 umol/l) as Well as in Controls

Patients Baseline 7 Months
Baseline Baseline
Group A Group B Group Group A vs. 2 Group B vs. 2 Controls"
i (n = 30) (n = 24) A vs. B (n = 27) Months" (n =20)  Months" (n = 23)
Plasma (pmol/l)
a-tocopherol 9.0 £472° 283 x93 <0.0001 278 =81 < 0.0001 353 =90 <005 269 =+ 5.1
y-tocopherol 076 =0.60 048 =+ 0.43 NS 034 +033 < 0.001 025 £ 0.17 < 0401 1.59 = 0.61
a-carotene 0.02 =+ 0.05 006 £1.11 < 0.05 003 =007 < 0.05 0.05 = 0.10 NS 0.18 = 0.08
f-carotene 0.09 = 0.11 022 + 033 < 0.05 0.10 = 0.15 NS 0.21 = 0.40 NS 0.80 + 0.37
Lycopene 0.03 =003 006 006 <0.05 005 £0.05 < 0.001 0.09 £ 0.07 < 0.01 0.54 = 0.28
LDL (mol/mol)
a-tocopherol 32 =+ 1.6 85 =314 <00001 82 =28 <00001 94 =35 NS 50 =+ 038
y-tocopherol 027 x0.19 0.16 £0.15 < 0.0] 0.12 £0.13 < 0.001 005 =006 <0001 032=x0.14
a-carotene 0.003 £ 0.005 0.02 = 0.03 NS 0.008 + 0.02 NS 0.02 = 0.04 NS 0.04 = 0.02
(3-carotene 0.04 =006 009 *=0.18 <0.05 0.04 =+ 0.04 NS 0.12 = 0.25 NS 0.25 = 0.12
Lycopene 0.02 =004 004 =005 <0.05 004 =003 <0.05 0.05 = 0.05 NS 0.31 = Q.15
Lutein/Zeaxanthine 0.02 = 0.01] 0.03 +0.02 <0.0l 0.02 = 0.01 NS 0.03 = 0.02 NS 0.09 = 0.06
Cryptoxanthine 0.009 = 1.01  0.009 £ 0.01 NS 0.01 = 0.01 NS 001 =002 < 0.05 0.10 = 0.06

Ry

Values are mean = SD. Identical superscripts indicate significant differences for a-tocopherol between patients and controls.
"Mann-Whitney tests, two tailed.

* Wilcoxon signed ranks test.
=P < 0.0001.
1P < 0.001.

previously.>'® In brief, a sample of the LDL stock Determination of fatty acids in LDL
solution containing 0.5 mg LLDL mass was mixed with

0.2 ml methanol and extracted with 1 ml hexane, and The freshly prepared EDTA plasma samples (2.5
the extract was dried with nitrogen and taken up in 0.1 to 3.0 ml) were immediately frozen at —80°C and kept
ml HPLC solvent. - and y-Tocopherol were deter- at this temperature for not longer than 2 months until
mined by HPLC (ODS-2), using methanol as solvent analysis. LDL was prepared from the freshly thawn
and fluorimetric detection at 335 nm with 292 nm exci- samples by 2 h ultracentrifugation using a single-step
tation. Carotenoids were separated on an ODS-2 col- discontinuous gradient in a Beckman NVT65 rotor'’
umn with acetonitrile/dichloromethane/methanol 67/ (note that this rotor, which allows isolation of L.DL
19/4 and UV/VIS detection at 436 nm. Calibration within 2 h, was not yet available at the time when LLDL
was based on standards separated under 1dentical con- oxidation experiments were petformed). The plasma
ditions after every 10 samples. volume after centrifugation was in the range of 2.5 to

Table 2. Parameters of LDL Resistance to Oxidation at Baseline and After 2 Months of Vitamin E Supplementation in
Group A and Group B as Well as in Controls

— - ——rrr PR e D —werve

Patients Baseline 2 Months
Baseline Baseline
Group A Group B Group Group A vSs. 2 Group B vs, 2 Controls
(n = 30) (n = 24) A vs. B? (n = 27) Months" (n = 19) Months® (n = 23)
Lag time (min) 79 + 33¢ 11 + 30 < 0.001 126 + 48° < 0.001 127 + 294 NS 99 + 2G4
Oxidation rale
dA/min 0011 = .003 0.011 £ 0.003 NS 0.010 + 0.004 NS 0.011 = 1.004 NS 0.012 = 0.006
Time (min) 119 + 40 151 + 40} < 0.01 173 + 6] < 0.001 16Y + 35 NS =y + 39
CD absorbance
A 234 nm 0.66 = (14 0.69 *+ 0.23 NS 0.69 + 0.14 NS 0.77 = 0.13 < (.05 0.70 * 0.17
Time (min) 188 + 55 212 + 52 NS 236 + 7] < .01 245 + 69 NS 200 + 48

i

VYalues are mean * SD.
" Mann-Whitney tests, two tailed.

" Wilcoxon signed ranks tests, | | d
Identical superscripts indicate significant differences between patients and controls: “ p < 0.05, “p < 0.01.
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* r = 0.50
P= 0.0001
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Fig. 1. Lag times of 53 CF patients are plotted against baseline LDL
a-tocopherol concentrations. One patient is not included due to LDL
a-tocopherol value missing.

3 ml. The LDL band was quantitatively collected and
diluted with PBS to obtain exactly the same volume,
as was the plasma volume originally present in the
centrifuge tube. Cholesterol concentrations were deter-
mined as descrnibed earlier, and LDL cholesterol con-
centrations were calculated as mg ILDL mass/ml and
as pmol LDL/1, respectively. A sample of the L.LDL
solution containing 1 mg L.LDL mass was spiked with
100 pg heptadecanoic acid and freeze dried in 10-ml
Pyrex tubes. BHT (0.5 mg), BF:/methanol (1 ml),
and benzene (0.5 ml) were added to the dry residues,
and the samples were subjected to transesterification
at 110°C for 90 min. The fatty acid methyl esters were
extracted into hexane and separated by GC. The GC
separation was performed with a HP5890 Series II

instrument. More details of the whole procedure can
be found in ref. 18.

Determination of plasma total cholesterol and LDL
cholesterol concentrations

Plasma total cholesterol concentrations were mea-

sured enzymatically, using a commercially available
kit from Beckman Ltd. (Brea, CA). Plasma LDL cho-

lesterol concentrations were determined with a kit from
BioMerieux Suisse SA (Geneva, Switzerland).

Determination of plasma antioxidants

Another aliquot of EDTA plasma was stored at
~20°C for a maximum of 3 days before shipment on
dry ice to the laboratories of the Vitamin Research
Department of Hoffmann-La Roche Ltd. (Basel, Swit-
zerland ), where a- and y-tocopherol and carotenoids

B. M. WINKLHOFER-ROOB et al.

were determined in plasma by HPLC according to Hess
et al."”

STATISTICAL ANALYSIS

Due to nonconformity of the data with the normality
assumption, nonparametric tests were used for compar-
isons of antioxidant concentrations and the LDL resis-
tance to oxidation at baseline and after 2 months of
vitamin E supplementation. For within-group compari-
sons, Wilcoxon signed ranks tests were applied; for
comparisons between groups, Mann-Whitney tests
were used. Statgraphics (STSC Inc., Rockville, MD)
Version 6 was used for all statistical procedures. Dit-
ferences were considered significant at P < 0.05. All
results are expressed as mean + SD.

RESULTS

Applying the cutoff value for plasma a-tocopherol
concentrations of 15.9 umol/l,'* 30 patients were con-
sidered vitamin E deficient (group A), whereas 24
patients had a sufficient vitamin E status, in most cases
due to long-term vitamin E supplementation prior to
study entry (group B). Six patients of group A had
been on supplements (median dosage, 100 IU/d) and
18 patients of group B (300 IU/d). Accordingly, base-
line plasma and LDL a-tocopherol concentrations were
significantly lower in group A compared with group
B and with healthy controls (Table 1). Plasma a-to-
copherol concentrations correlated positively with
LDL «a-tocopherol concentrations (r = 0.85, P =
0.0001). There were no differences between groups A

150 - —mmm—————————— —
c :
E 100- .«
QD i e e o e
E Z .’
+ 50~
&
g 0-
Q
o) I N
_@ %03 . ) r = 0.49
O j . P= 0.0007
-100 +——r—— A

6 4 2 0 2 4 6 8 10
Change in LDL oa-tocopherol (mol/mol)

Fig. 2. Changes in lag times during vitamin E supplementation are
plotted against changes in LDL a-tocopherol concentrations in 45
patients. One patient who completed the study is not included due
to LDL a-tocopherol value missing at baseline.
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']‘zlljlc 3. Fatty Acids in LDL at Baseline and After 2 Months of Vitamin E Supplementation in Group A and Group B
L Giroup A Group B
Baseline 2 Manths Baseline 2 Months Paticnts Controls

B (7t :: 3(” o (n = 24) Y {(n = 24) (n = 2()) P (n = 54) (n = 23) pb

DB 3318.2 0067 352,00 = BR).8 NS 35320 & 7145 33804 * 402, NS 3415.0 = 824.6 3251.2 £ 4524 NS
Clin0 7440 + 218.8 O6R7.4 4 142,06 NS 731.9 & 190.6 637.1 &= 995 < 0,05 738.5 *+ 204.7 533.6 & 903 < 0.000]
ClO:In-7 130.1 (1&(8 1132 §57.7 NS 100.6 % 46.5 877 =+ 394 NS 119.5 &= 60.4 508 = 188 < 0,000l
C18:0 2001.1 ¢ 57.3 1951 2 47,0 NS 2038 & 474 182.5 = 20.2 NS 202.3 = 52.5 151.0 &+ 20.5 < 0.0001
Cl18:1n-9 7228 ¢ 224.] oN6.1 0 137, NS 745.8 2 193.0 662.7 £ 119.8 NS 733.2 & 209.2 458,53 + 91.7 < 0.0001
C'18:)n-7 6O.O o 282 S0 0 104 NS 82.1 & 150.5 44.3 == 3.0 NS 56.8 & 24.0 JLl 63 < 0.0001

Cl&:2n-0 T91.6 v 3298 820.8 ¥ 3063 NS 858.4 :+ 240.5 890.0 == 165.4 NS 821.8 & 2915 94900 = 98.8 < 0.0l

CLB: 3= 2.8 & 44 P2.8 4+ 6.0 NS 135 & S8 2.4 4+ 6.7 NS 13,1 = 5.0 3.5+ 4.5 NS

(200 n-6 45,5 2 Sl.4 FOOLS - S0 <2 005 [51.0 ;v 48.3 147.9 £ 352 NS [48.00 = 49.6 134.2 &+ 38.0 NS

("22:0n=] 3340 0 2.8 0.9 % 12,6« 005 3 2.5 x 107 <2005 < (.01

ARSI A LAN “agtedbiet)

3ot = 123 045.7 = 4.8

SPE—

N

As there were no differences between groups A and B except for C22:6n-3 (P < 0.05), groups A and B baseline were combined for
comparison with controls, DB = Double bonds, Units are mol/imol; values are Mean * SD.

"Wilcoxon signed ranks tests.
" Mann-Whitney tests, two tailed.

[denticnl superseripts indicate a significant dilference between group A and B: ‘P < 0.05.

and B with regard to age (11.8 £ 8.3 years vs. 9.9 =+
8.2 years) and Shwachman scores (75.2 == 17.9 years
vs. 79.0 % 19.2 years),

Oral vitamin E supplementation in a dosage of 400
IU/d was well tolerated in all patients, and none experi-
enced any side effects, as detected by clinical examina-
tion and standard laboratory techniques. Alter 2 months
of vitamin E supplementation, plasma c-tocopherol con-
centrations had significantly increased in both groups,
whercas LDL. a-tocopherol levels increased only in the
vitamin B delicient group A. Plasma and LLDL a-tocoph-
crol concentrations were higher in the vitamin E suffi-
cient group B than in controls (Table 1),

The LDI. cholesterol content of plasma was sig-
nificantly lower in patients (1.56 %= 0.38 mmol/l)
compared with controls (2,94 = 0.59 mmol/l)
(P < 0.0001). It did not differ between group A (1,56
+ (.38 mmol/l) and group B (1.80 % 0.54 mmol/I)
al bascline and did not change during the study period
(2 months: group A, 1.53 * 0.46 mmol/l; group B,
1.75 % 0.62 mmol/!). The same was found for plasma
total cholesterol concentrations (at baseline, group A,

2.85 + 0.59 mmol/l; group B, 3.17 = 0.77 mmol/],
compared with controls, 4.83 *x 0.68 mmol/l).

Both in plasma and in LDL, -y-tocopherol and carot-
enoid concentrations were significantly lower in pa-
tients than in controls (Table 1). B-carotene concentra-
tions were higher in group B compared with group A;
they did not change during the study period. In con-
trast, y-tocophcrol concentrations decreased in both
groups, and some of the carotenoids increased either
in plasma or in LDL or in both, but still remained
lower than in controls (Table 1).

At baseline, lag times were significantly shorter in
group A compared with group B (P = 0.001) and with
controls (P = 0.03) (Table 2). Lag times correlated
positively with LDL a-tocopherol concentrations (Fig.
1). After 2 months of vitamin E supplementation, a
significant increase in lag times was observed only In
group A (P = 0.0001). Changes in lag time correlated
with changes in LDL «-tocopherol concentrations
(Fig. 2). After supplementation, lag times ol group A
and group B were similar and even significantly longer
than those of controls (Table 2).

Table 4. Results of Regression Analyses for Indexes of the LDL Oxidizability

and LDL «-Tocopherol and Fatty Acid Content

ce-Tocopherol C18:2n-0 C20:4n-6

Baseline

Lag time £ = 0.0001 NS NS

Oxidation rate NS P = 0.0003 NS

Maximum CD absorbance NS P = (),0000] P = 0.006
2 Monihs

Lag time P = 0.002 P = 0.0002 P = 0.0006

Oxidation rate NS P = 0.0003 P = 0.0001

Maximum CD absorbance P = 0.00005 P = 0,00001 £ = 0,0001
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Fig. 3. The maximum CD absorbance after 2 months of vitamin 14

supplementation is plotted against the LDL «-tocopherol content (or
46 patients who compieted the study,

At baseline, no differences were observed in the
maximum rate of oxidation and the maximum CD ab-
sorbance, neither between the two patient groups nor
between patients and controls. During vitamin E sup-
plementation, the maximum rate of oxidation and the
maximum CD absorbance did not change in group A,
but the maximum CD absorbance increased in group
B (P = 0.02) (Table 2).

Concentrations of saturated and monounsaturated
fatty acids in LLDL, such as palmitic (C16:0)}), palmito-
leic (Cl16:1n-7), stearic (C18:0), and oleic acid
(C18:1n-9), were higher and thosc of linoleic acid
(C18:2n-6) and docosahexaenic acid (C22:6n-3) were
lower in patients compared with controls; no differ-
ences were observed in a-linolenic (Cl8:3n-3) and
arachidonic acid content (C20:4n-6) (Table 3). Dur-
ing the study period, arachidonic acid concentrations
increased in group A and those of docosahexacnoic
acid decreased in both groups, whereas palmitic acid
concentrations decreased in group B (Table 3). There
was a significant correlation between LDL linoleic (but
not arachidonic) acid and LDL a-tocopherol concen-
trations (r = 0.38, P = 0.009).

In Table 4, the results of regression analyses for
indexes of the LDL oxidizability and a-tocopherol and
fatty acid content of LDL are summarized. Lag times
(Fig. 1) and the maximum CD absorbance (Fig. 3)
correlated positively with LDL a-tocopherol concen-
trations, whercas the maximum rate of oxidation did
not. Lag times were negatively, and both the maximum
rate of oxidation and the maximum CD absorbance

were posttively related to LDL linoleic and arachidonic
acid concentrations (Fig. 4).

B. M. WiNkLHOFER-RoOB ¢t al,

DISCUSSION

This study documents that LDL resistance to oxida-
tion is impaired in vitamin E deficient CEFF patients but
can be normalized within 2 months of oral «-tocoph-
crol supplementation. Thus far, data on LDL resistance
to oxidation comprised, with one exception,* healthy
subjects with a sufficient vitamin B status before and
alter vitamin E supplementation ™' = or with varia-
tions in dictary fatty acid intake,”™ ™ but not a larger
cohort of vitamin E deficient subjeets and, in particular,
not of CF patients. Wherceas lag times correlated poorly
with LDL  «-tocopherol  concentrations '™ in
healthy subjects, the study patieats, exhibiting a wide
range of LDL c-tocopherol values, showed a signifi-
cant positive correlation. Interestingly, a lew patients
had unexpectedly long lag times despite a low 1LDL
c-tocopherol content (Fig, 1), an obscrvation (n
agreement with that of Kleinveld et al.™ but lacking «
final explanation.

During supplementation with 400 1U/d of RRR-x-
tocopherol, plasma and LDL «-tocopherol concentra-
tions increased about threcfold in the vitamin L defi-
cient, but not in the vitamin E sufficient group, with
plasma and LDL «a-tocophcrol concentrations higher
than in healthy controls., This is in contrast to data
suggesting that DL a-tocopherol coneentrations can
be increased during vitamin B supplementation with-
out saturation in vitamin E sufficient healthy sub-
jects 5 and perhaps indicates a plateau effect due
to low LDL content of plasma in CF patients. How-
ever, because a high proportion of patients in the vita-
min E sufficient group had alrcady been on vitamin E
supplements prior (o study eatry and the increase in
the dosage was small compared to that in the vitamin
E deficient group, final conclusions cannot be drawn
for a cciling effect from this study.

Lag times increased about twolold over baseline
values in the vitamin I deficient, but not in the vitamin
E sufficicnt group, reflecting the a-tocopherol increase
in LDL and resulting in lag times that were even longer
in vitamin E sulficient patients compared with healthy
controls.

The maximum rate of oxidation and CD absorbance
did not differ between vitamin E deficient and suffi-
cient patients and healthy controls, and vitamin B sup-
plementation had no effect on these indexes, In con-
trast, healthy subjects showed significantly lowcer prop-
agation rates after vitamin B supplementation
compared with baseline.” CD absorbance was posi-
tively related to the LDL a-tocopherol content only
after vitamin E supplementation in the present study,
suggesting that a-tocopherol does exert this particular
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protective action only at relatively high levels, as
achicved after 2 months of supplementation. Recently,
LLDL of vitamin E deficient patients with fat malab-
sorption has been found less susceptible to oxidation
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compared with controls.?” However, these paticnts also
showed a low LDL content of linoleic acid, a major
substrate for CD formation.

The fatty acid content of LDL had a major impact

300 - e e
— r = -0.49
L 250- N P= 0.0006
E .
O
E
N
©
QO
=
o
g
O;WW“WWTﬁl'H'I"H_
0 50 100 150 200 250 300 350
D LDL arachidonic acid (mol/mol)
0.025 I
= .
= 0.020
‘%’ 0.015 -
g
L"' .
C \ .
& 0.010 -
© !
& 0.005 -
O :
0.000 +—— —
0 50 100 150 200 250 300 350
E LDL. arachidonic acid (mol/mol)
1.2
= |
°
<
)
QN
< 0.9
D
O
c
@ |
73
® _ r = 0.54
a _ P = 0.0001
O (.3 A e e e e
0 50 100 150 200 250 300 350
F LDL arachidonic acid (maol/mol)

Fig. 4. Correlations between indexes of LD oxidizability and LD linoleic and arachidonic acid concentrations after 2 months
of supplementation. Lag times (A, D), maximum rate of oxidation (B, E), and maximum conjugated diene (CD) absorbance
(C, I¥) are plotted against L.DL, linoleic acid concentrations (left) and arachidonic acid concentrations (right) for 46 patients

who completed the study.
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on the resistance to oxidation: Lag times were nega-
tively and rate of oxidation and CD absorbance were
positively related to linoleic and arachidonic acid con-
centrations. This is in line with data {rom healthy sub-
jects focusing on LDL linoleic acid.*”*"* It is not sur-
prising that linoleic acid plays a key role in LDL perox-
idation because it represents the major fatty acid in
DL, accounting for 35 to 50% of fatty acids in healthy
subjects* and 29 *+ 7% in our patient population (com-
pared to 5 £ 1% for arachidonic acid), and easily
undergoes oxidation.” However, this study shows for
the first time a significant effect of arachidonic acid
content on the LDL resistance to oxidation.

CF patients have long been known (o exhibit cssen-
tial fatty acid deficiency®'; however, the mechanisms
involved are not precisely known. In the present study,
linoleic and docosahexaenoic acid concentrations in
LDL were lower only in the vitamin E deficient but
not in the vitamin E sufficient group, comparcd with
controls, and LDL linoleic (but not arachidonic acid)
and a-tocopherol content were related to each other,
indicating either a similarity in the underlying patho-
physiological mechanism of fat malabsorption with
subsequent alterations in the vitamin E and [atty acid
status or a direct protective effect of a-tocopherol on
the loss of LDL linoleic acid. The latter mechanism is
further supported by an increase in arachidonic acid
concentrations in the vitamin E deficient group during
supplementation. However, there was a decreasc in
docosahexaenoic acid during supplementation in both
groups that does not support this mechanism.

The effect of LDL a-tocopherol concentrations on
lag times, but not on the rate of oxidation and CD
absorbance, and the influence of linoleic acid and ara-
chidonic acid content on the latter two indexes can at
least 1n part be explained by the concept that, in the
mode] of copper-induced LDL oxidation, a-tocopherol
and other endogenous antioxidants are consumed dur-
ing the lag phase and will therefore no longer be avail-
able for affecting the rate of oxidation or CD ab-
sorbance. The PUFA content of LDL, particularly of
linoleic and arachidonic acid, as the substrate for oxi-
dation will then become the major determinant of the
L.LDL oxidizability.

In summary, this study documents that subclinical
vitamin E deficiency in CF patients exerts a significant
effect on the LDL resistance to oxidation in vitro. Im-
paired LDL resistance to oxidation of vitamin E defi-
cient patients can be normalized within 2 months of
400 IU/d of RRR-a-tocopherol supplementation. We
hypothesize that impaired resistance to oxidation of
PUFAs is not confined to lipoproteins but might affect
several tissues and, particularly, surfactant lipids in

the lung of CF patients. Hence, efficient vitamin E
supplementation of CF patients is recommended as
part of the therapeutic regime, However, dictary sup-
plementation with unsaturated fatty acids may mcrease
the oxidizability of lipids and, consequently, increase
the vitamin E demands of CF patients for an efficient
protection of PUFAs against oxidation.
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ABBREVIATIONS

CD—conjugated diencs

CF—cystic fibrosis

EDTA —cthylenediamine tetraacetic acid
GC—gas chromatography
HPLC—high-performance liquid chromatography
LDL—low density lipoprotein

MDA —malondialdehyde

PBS —phosphate-buffercd saline
PUFAs—polyunsaturated fatty acids



