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Summary

Objectives: Oxidative modification of low-density-
lipoprotein (LDL) increases its atherogenic potential
to induce the accumulation of lipids and cells in the
vascular wall. Patients have different lipoprotein pro-
filesaccordingtotheir LDL-subgroup pattern. Thesub-
group of LDL, which is most susceptible to oxidation,
ismost likely the dense LDL3 subfraction. In order to
study an assumed association between hypertension,
LDL subgroup distribution and the susceptibility of
LDL to oxidation, 14 normotensive patients without
family historiesof hypertension (NT), 13 normotensive
patientswith family historiesof hypertension (NT-FH),
10 hypertensive patients without family histories of
(HT) and 11 hypertensive patients with family histo-
ries of hypertension (HT-FH) were evaluated.

Patients and methods: LDL was oxidatively modi-
fied by incubation with copper ions (1.6 uM/L). The
courseof LDL-oxidation wasmeasuredinvitro by con-
tinuous photometric monitoring and the quantitative
distribution of 3 LDL-subgroups by capillary isota-
chophoresis (ITP).

Results: The lag-phases of NT-FH and hyperten-
Sive patients were shorter than those of the control
group (NT: 116 + 36 minutes;, NT-FH 92+ 32 minutes,
p< 0.05; HT: 95+ 41 minutes, HT-FH: 76 £ 33 min-
utes, p < 0.05). Compared to NT a significant differ-
ence in the relative preponderance of LDL3 subgroup
was observed for HT-FH (23.5+ 4.6% versusNT: 19.3
+ 6.6%), additionally, statistical analysis showed a
similar trend amongst the other patient groups (NT-
FH: 20.4 £ 7.4%, HT: 21.4 + 4.6%).

Conclusions: Theincreased occurence of the LDL3
subgroup might contributeto a higher susceptibility to
LDL oxidation and therefore create an increased risk
of vascular diseasein the genotypic and phenotypic hy-
pertensive patient population.

Key words
Hypertension, cholesterol, LDL oxidation, LDL sub-
groups

Zusammenfassung

LDL-Oxidation und -Subgruppenverteilung bei nor-
mo- und hypertensiven Patienten mit und ohne fami-
li&re hypertonische Belastung

Hintergrund: Oxidative Modifikation von Low-Den-
sity-Lipoproteinen (LDL) verursacht eine vermehrte
Einlagerung von Lipidenin dieArterienwand und stei-
gert somit das atherogene Potential. Patienten haben
verschiedene Lipoprotein-Profile, die von der Vertei-
lung der LDL-Subgruppen beeinflusst werden. Die
kleine dichte LDLs-Fraktion ist durch eine schnelle
Oxidationsbereitschaft gepragt. Um festzustellen, ob
eine Verbindung zwischen Hypertonie, LDL-Oxidation
und -Subgruppenverteilung besteht, haben wir bei 14
normotensiven Probanden ohne familiére hypertoni-
sche Belastung (NT), bei 13 Normotensiven mit fami-
lidrer Belastung (NT-FH) und bei 10 Hypertensiven
ohne (HT) und 11 mit familiérer Belastung (HT-FH)
die LDL-Oxidationsbereitschaft und -Subfraktionen
bestimmt.

Patienten und Methoden: LDL wurde mit Kupfer
(1.6 umal/L) oxidiert und der Verlauf der Oxidationin
vitro mit der kontinuierlichen spektrophotometrischen
Absorption gemessen. Die quantitaive \Verteilung der
3 LDL-Subgruppen wurde mit der Kapillarelektropho-
rese bestimmt.

Ergebnisse: NT-FH und hypertensive Patienten ha-
ben kiirzere antioxidative Phasen als die Kontroll per-
sonen (NT: 116 + 36 Minuten; NT-FH 92 + 32 Minu-
ten, p< 0.05; HT: 95+ 41 Minuten; HT-FH: 76 + 33
Minuten, p < 0.05). Im Vergleich zu NT konnte bei
hypertensiven Patienten mit familiérer Belastung ein
signifikantes Uberwiegen der LDL 3-Subgruppe festge-
stellt werden (23.5 + 4.6% versus NT: 19.3 + 6.6%).
Zusdtzich zeigte die statistische Analyse einen &hn-
lichen Trend fur die anderen Patientengruppen (NT-
FH: 20.4 + 7.4%, HT: 21.4 + 4.6%).

Schlussfolgerung: Die Zunahme der LDLs-Sub-
gruppe ist vermutlich mit einer gesteigerten LDL-
Oxidationsbereitschaft und einem erhdhten Risiko fir
vaskuldre Erkrankungen bei genetischer Pradisposi-
tion und manifester Hypertonie verbunden.
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Introduction

Hypertension is a risk factor for atherogenesis [17]. The
increased risk in hypertensive patients correlates not only
with blood pressure but may also be related to other fac-
tors [1]. Among these factors it is suggested that the ox-
idative modification of low-density-lipoprotein (LDL)
could promote and accelerate the development of athero-
sclerosis [39]. Animal experiments reveal that oxidative
modification of LDL is a crucia early step in the patho-
genesis of atherosclerosis[33]. When LDL is chemicaly
modified, an uncontrolled uptake of such LDL by the scav-
enger receptors in macrophages can be observed [14, 33].
As a consequence macrophages dedifferentiate into foam
cells, which accumulate in the arterial wall forming early
atherosclerotic lesions [30, 40].

Human plasma LDL can be characterized by different
subfractionsinrelationtotheir size, density, fatty acidsand
apolipoprotein content [21, 35]. The separation of the
LDL-subgroups is mostly achieved by ultracentrifugation
techniques utilizing the different physical densities of the
LDL subgroups. Thisexcessive method can hardly beinte-
grated into the routine diagnosis of the lipid profile with
patients. In comparison to conventional methods, analyti-
cal capillary isotachophoresis (ITP) has proven to be su-
perior with respect to lipoprotein analysis. It separates
LDL-particles according to their electrophoretic mobility
[26, 31]. Thisisasimple and reproducible method with a
high discrimination capability of functional subgroups. It
isknown that the distribution of LDL subfractionsis part-
ly genetically determined [3, 9, 24]. Studies have shown
that in particular the small dense LDL subfractions are
more susceptible to oxidation in vitro than the less dense
particles, due to their greater amount of unsaturated fatty
acids|[6, 8, 32]. Therefore, a predominance of this specif-
ic small subgroup might indicate an increased risk for ath-
erosclerosis[2, 5).

The results of a previous study carried out by our re-
search group showed that LDL derived from hypertensive
patients and from normotensive patientswith afamily his-
tory of hypertension had a higher susceptibility to oxida-
tion than normotensive patients without a family history
of hypertension [4]. This implies that phenotypic hyper-
tension and also genetic predisposition for hypertension
renders LDL more susceptible to oxidation. One explana-
tion for the higher susceptibility to LDL oxidation might
be a preponderance of certain LDL subgroups in hyper-
tensive patients and in normotensive patients with afami-
ly history of hypertension. Because, both the LDL sub-
groupsand primary hypertension may partly be dependent
on genetic factors, we studied the relationship between in
vitro oxidation of LDL and the distribution pattern of the
LDL-subgroups isolated from normotensive and hyper-
tensive patientswith and without histories of hypertension
[12, 30].

Patients and methods

48 patients were investigated with their informed consent.

76 Theprotocol was approved by the ethics committee on the

use of human subjectsin clinical investigations of the Uni-
versity Hospital. Patients were divided into 4 groups de-
pending on blood pressure according to the Joint Nation-
a Committee for detection, evaluation and treatment of
high blood pressureand family history of hypertensiveval-
ues [25]. The groups were as follows: normotensive pa-
tients with blood pressure under 140/90 mmHg without
(NT: group 1: control-group) and with family histories of
hypertension (NT-FH: group 2) and hypertensive patients
(blood pressure > 140/90 mmHg) without (HT: group 3)
and with family histories of hypertension (HT-FH: group
4). Hypertensive patients were recruited at the ambulatory
of thedivision of hypertension at the university hospital in
Zurich. Subjectstreated according to clinical practicewith
antihypertensive medication were included: 12 patients
received angiotensin-converting enzyme inhibitors, 6
beta-blockers, 2 calcium antagonists, 1 centrally acting
agents and 2 patients beta-blockers with calcium antago-
nists or diuretics. However, subjects with known diabetes
mellitus or pre-diabetic signs, hypercholesterolemia (total
cholesterol-level > 6.5 mmol/L) impaired rena function or
other concomitant diseases, as well as pregnant patients
were excluded. The normotensive groups were composed
of nurses, doctors, their relations, and some individuals
from sport. Only 1 patient was treated with acetylsalicyl
acid. Patients characteristics are shown in Table .

All patientswereadvised tofast and abstain from smok-
ing for 12 hours prior to the blood analysis. Total choles-
terol, low-density-lipoprotein (LDL) and triglyzerides
were determined by standard laboratory techniques. Re-
sultsare expressed asmean + SD. Differences between the
control group and the other groups were analyzed using
the unpaired t-test.

Determination of LDL Oxidation

For the measurement of the susceptibility of LDL to oxi-
dation we used the photometric assessment of LDL oxi-
dation. 10 ml of venous blood was collected and drawn
intovacutai ner tubescontaining EDTA asananticoagul ant.
Plasmawas recovered by centrifugation for 10 minutes at
1000x g at 4°C and stored at —70°C. 36 hours before the
determination of oxidation susceptibility, LDL wasisolat-
ed by ultracentrifugation and purified by diaysisat 4°Cin

Table|: Patient characteristics.

NT NT-FH HT HT-FH
Patients (n) 14 13 10 11
Females (n) 8 7 2 6
Males (n) 6 6 8 5
Age (years) 39+12 42+7 45+15 51+9*
Height (cm) 169+ 7 168+8 171+16 166+8
Weight (kg) 7717 73+15 7919 75+21
BMI 26+8 26+6 28+5 21+7
Smokers 5 4 4 3

NT = normotensive patients without family histories of hyperten-
sion; NT-FH =normotensive patientswith family historiesof hyper-
tension; HT = hypertensive patients without family histories of
hypertension; HT = hypertensive patients with family histories of
hypertension; BMI = bodymass index; = p < 0.05 versus control-
group (NT).
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the dark with 3 changes of 1.5 | of 0.15 mol/L NaCl at
pH 7.4 within 24 hours to remove EDTA. The LDL-pro-
tein content was determined by the method of Lowry [22].
In order to measure LDL oxidation kinetics 175 ug LDL
were placed in a quartz cuvette containing 1 ml of phos-
phate buffered saline (PBS) and 1.67 umol/L copper [8].
LDL oxidation was monitored by the change in 234 nm
absorbancein aspectrophotometer at 22°C[11]. Theintra-
assay variance of LDL oxidation was 10%. Theinitia ab-
sorbance was taken as baseline and the change in ab-
sorbancewasrecorded every 10 minutesfor 30 cycles. The
lag-phase was expressed as the intercept given by the tan-
gent of the slope of the absorbance curve in the propaga-
tion phasewith the baseline. Oxidation of LDL invitro can
be induced with copper [24]. Oxidation kinetics typically
show three distinct phases: a lag-phase, a propagation-
phase, and a decomposition-phase [10]. The lag-phase is
characterized by the consumption of the endogenous LDL
antioxidants. Once the antioxidants are consumed the un-
saturated fatty acidsin LDL can be rapidly oxidized in an
autocatalytic process (propagation-phase). In the decom-
position-phase lipids and polypeptides break down to dif-
ferent endproducts, e.g. various aldehydes. A longer lag-
phase expressed a reduced susceptibility of the LDL
particle to oxidation and signified an increased antioxida-
tive resistance of LDL [11].

Determination of LDL-subgroups

Distributionand frequenciesof L DL -subgroupsweremea
sured by analytical capillary isotachophoresis (ITP) [26,
31]. The analysis was based on the specific prestaining of
whole serum lipoproteins with the fluorescent lipophilic
dye 7-nitrobenz-2-oxa-1,3-diazole (NBD)-ceramide [27].
Human serum lipoproteins were separated into 10 well-
characterisized subgroups according to their electro-
phoretic mobility.

Aliquots of plasma samples as prepared for measure-
ment of LDL oxidation were stored at —70°C and thawed
only once before usefor ITP. Separations were performed
on a P/ACE 5510 system (Beckman Instruments, Inc.,
Fullerton, CA, USA) equippedwitha27 cm dimethyl poly-
siloxane modified fused silica capillary (Restek Rtx-1),
inner diameter 180 pm, purchased from Alltech (Unter-
haching, Germany). NBD-ceramide was purchased from
Molecular Probes (Eugene, OR, USA).

Theleading el ectrolyteconsisted of 10mM HCI, 16 mM
1,3-bis (tris [hydroxymethyl] methylamino) propane
(BTP), pH 8.9 and 0.3% wi/v hydroxypropylmethylcellu-
lose. The terminating electrolyte contained 20 mM 3-(cy-
clohexylamino)-1-propanesulfonic acid (CAPS), 16 mM
BTP and was adjusted to pH 10.5 with saturated barium-
hydroxyde solution. Samples were diluted with leading
buffer(1:2 v/v), incubated for 1 min with a half volume of
aNBD-ceramide solution (0.5 mg/ml in ethylene glycol/
DMSO, 9:1 v/v) and subsequently mixed with the evalu-
ated spacer mixture (3:8, v/v, final concentration of each
spacer 0.01 mg/ml). The following compoundsin order of
decreasing isotachophoretic mobility were used as spac-
ers:. N-2-acetamido-2-aminoethanesulfonic acid (ACES),

3-(N-morpholino)-2-hydroxypropanesulfonicacid (M OP-
S0), octansulfonic acid, 3-(N-morpholino) propanesul-
fonic acid (MOPS), 3-N-tris (hydroxymethyl) methyl-
amino-2-hydroxypropanesulfonic acid (TAPSO), N-tris
(hydroxymethyl) methyl-3-aminopropanesulfonic acid
(TAPS), serine, glutamine, methionine, histidine, glycine,
valine and norleucine.The spacer mixture was prepared in
leading buffer. As internal marker 5-carboxyfluorescein
was used. The capillary, samples and buffers were cooled
t0 20°C during separation. Sampleswereinjected between
the leading and terminating buffer by pressure. The sepa-
ration was performed at a constant of 10 kV and the sepa-
rated zones were monitored with laser-induced fluores-
cence detection (exitation 488 nm; emission 520 nm; see
Fig. 1).

Results

The results collected from 48 patients are summarized in
the Tables |1 and I11. As expected the ambulatory systolic
and diastolic blood pressure were, despite antihyperten-
sive therapy, significantly higher in patients with hyper-
tension. The cholesterol-, LDL-, and triglyzerides-level
were similar in al patients. Table Il shows the kinetics of
LDL oxidation as determined by its lag-time. The mean
vaue of the antioxidative resistance of LDL to oxidation
in normotensive patientswithout afamily history of hyper-
tension (NT) was 116 + 36 minutes. However, the mean
lag-timefor normotensive patientswith afamily history of
hypertension was 92 + 32 minutes and significantly lower
(p < 0.05). Furthermore, there was a significant decrease
inthelag-phase in hypertensive patientswith afamily his-
tory of hypertension (76 + 33 minutes, p < 0.05). Hyper-
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Fig. 1: Lipoprotein profile from ahealthy control as determined by
analytical I TP. Thevariouslipoprotein subfractionsknownfromgra-
dient ultrazentrifugation are indicated. First peak derives from car-
boxyfluoresceine as an internal marker.

HDL = high-density lipoprotein; VLDL =very low-density lipopro-
tein; LDL = low-density lipoprotein; LDL, = fast migrating LDL;
LDL, =intermediate migrating LDL; LDL3=slow migration LDL.
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tensive patients without a family history of hypertension
showed a tendency towards a shorter lag-phase (95 + 41
minutes).

Analytica isotachophoresis separated fluorescence
stained whole serum lipoproteins according to their elec-
trophoretic mobility within 9 min. The addition of non-
fluorescent spacer compounds allowed the discrimination
of 10individual lipoprotein subfractionswith laserinduced
fluorescence detection. A representative isotachophero-
gramof human serum lipoproteins obtained from ahealthy
control isshown in Figure 1. Subfractions of HDL are de-
scribed by peak 1-5, peak 6 represents chylomicon derived
particles. Apo B containing lipoproteinsarerepresented by
peaks 7-10 including very low density lipoprotein, inter-
mediate density lipoproteinand LDL. LDL-particleswere
separated into three subfractions with different mobilities.
L DL (peak 8) representsthefast migrating subpopul ation,
LDL 3 (peak 10) the slow migration group and LDL > (peak
9) the particles with intermediate mobility. The distribu-
tion of 3 different LDL subgroups according to ITP is
shown in Table I1l. The relative proportion of LDL3 in
normotensive patients without a family history of hyper-
tension was 19 + 7%. Compared to this control group a
preponderance of LDL3 20 + 7% was observed in nor-
motensive patients with a family history of hypertension.
Similar trends were noted in the hypertensive groups. The
relative occurrence of LDL 3 waswith 23.5% significantly
higher when compared to that of the control group
(p < 0.05). LDL3 was aso increased in hypertensive
patients without a family history of hypertension.

Discussion

Essential hypertension is caused by a combination of ge-
netic predisposition and enviromental factors/influences
[1, 12]. Because hypertension and high plasma LDL, in
particular the oxidized LDL, arerisk factorsfor the devel-
opment atherogenesisand cardiovascul ar diasease, theaim
of the present study was to examine the relationship be-
tween LDL oxidizability and genotypic and phenotypic
hypertension [15, 29]. Oxidative modification of LDL in-
creases its uptake into macrophages, which in turn con-
tributes to accelerate atherogenesis [10, 39]. Recently,
studies have shown that oxidized LDL could attenuate
endothelium-dependent vasodilation in vitro [13]. Oxi-
dized LDL could promote therelease of freeradicalsfrom
endothelial cells [34]. In particular superoxide anions,
which are in vessels from hypercholesterolemic animals
caninactivateNO and peroxynitrite[28]. Furthermore, iso-
prostanes are formed, which can used as an in-vivo mea-
surement of LDL-Oxidation injury.

Thisstudy showsthat LDL derived from normotensive
and hypertensive offsprings of hypertensive parents differ
in their susceptibility to lipid peroxidation in comparison
to normotensive subjects without genetic predisposition.
The lag-time was significantly shorter in patients with a
family history of hypertension independent of blood pres-
sure. In comparison to the control group, we found that the
mean lag-time in hypertensive patients without a family

78 history of hypertension had a tendency to be lower. It is

TableI1: Blood pressure, lipid-levels and lag-time.

NT NT-FH HT HT-FH
BP systalic 121+15 128+15 155+ 15% 152 +21**
(mmHg)
BP diastalic 78+9 80+8 94+5 101 +11**
(mmHg)
Cholesterol 47+06 48+07 52+07 5307
(mmol/l)
LDL-Cholesterol 2.7+0.7 26+06 3.0+03 3007
(mmol/l)
Triglyzeride 13+15 11+05 16+05 16%0.
(mmol/l)
Lag-Time 116+36 92+32* 95+41 76+ 33*
(min)

NT = normotensive patients without family histories of hyper-
tension; NT-FH = normotensive patients with family histories of
hypertension; HT = hypertensive patients without family histories
of hypertension; HT = hypertensive patients with family histories
of hypertension; BP = blood pressure; lag-time = antioxidative ca-
pacity to oxidation; = p < 0.05 = p < 0.005 versus control-group
(NT).

Table I11: Relative distribution of LDL-subgroups.

LDL-Sub- NT NT-FH HT HT-FH
groups (%)

LDL; 115498 107+38 14642 121+44
LDL, 659+87 664+59 583+112 60.2+50
LDL3 193+66 20474 21446 235+46*

NT = normotensive patients without family histories of hyper-
tension; NT-FH = normotensive patients with family histories of
hypertension; HT = hypertensive patients without family histories
of hypertension; HT = hypertensive patients with family histories
of hypertension; BP = blood pressure; lag-time = antioxidative ca-
pacity to oxidation; = p < 0.05 = p < 0.005 versus control-group
(NT).

not known by which direct mechanism established hyper-
tension could influence LDL oxidation, nor do we know
whether hypertension is even the reason for higher LDL
oxidation.

As an explanation for the differences in susceptibility
to LDL oxidation genetic originsmay be suggested. There
isevidencefor geneticinfluencesonthe LDL subfractions
patterns varying in chemical composition, density, size,
metabolic propertiesand possibly atherogenic potential [3,
20, 32]. The LDL subgroup profile is mostly defined ac-
cording to its density. This does not take into account the
fact that, particles have the same density but different
biological function. ITPis simply and reproducible tech-
nique for the determination of LDL subgroups according
to their electrophoretic mobility [26, 31]. The migration
behavior of the particlesdependsprimarily onionic charge.
Thetest duration lastsonly minutes. Thismethodisahelp-
ful tool to analyze the distribution of most atherogenic
lipoproteins, which assiststo relate it to the risk of vascu-
lar diseases.

We detected three subfractions: the fast migrating sub-
population LDL4, the intermediate migrating LDL >, and
theslow migration L DL 3. Thereareindicationsthat specif-
icaly LDL3 consists of small, heavy dense particles[26].
A preponderance of small, dense LDL particles has been
associated with an atherogenic lipoprotein profile and a
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threefold increased risk of cardiovascular disease[2]. The
three LDL subfractions isolated by density ultracentrifu-
gation differ in their susceptibility to lipid peroxidation in
vitro. Thusindicating that thedense LDL andthelight LDL
werenot aswell protected from oxidative modification and
were more extensively oxidized in time in comparison to
thevery light LDL [16, 36, 37]. Thisimpliesthat the heavy,
small, dense LDL has a higher atherogenic potential than
the other subfractions [38]. One explanation may be the
significantly higher concentration of polyunsaturated fat-
ty acids in dense LDL, which might result in increased
oxidative modification and in an excessive uptake by the
scavenger receptor of macrophages, an important step in
the pathogenesis of atherosclerosis. It isalso possible that
a change in protein content may lead to conformational
changesin the core of the subfractions, which could result
in a more obvious exposure of unsaturated fatty acidsin
the heavy LDL particles to free radicals, therefore, ex-
plaining the higher rate of oxidation of dense LDL [18,
19].

To study the basis for the relationship between sus-
ceptibility to LDL-oxidation and genotypic hypertension
weinvestigated thedistribution of subgroupsin our normo-
tensive and hypertensive patients with and without a fam-
ily history of hypertension. In addition to the increase of
the susceptibilty to LDL oxidation in normotensive pa-
tients with a family history of hypertension and hyper-
tensive patients we found arel ative predominance of dow
migrating LDL. It is possible that this fraction consisted
of dense particles. Our finding provides a hypothetical
explanation for the higher susceptibility to oxidation and
atherogenicity of LDL in patients with afamily history of
hypertension. The genetic influencesin determing the dis-
tribution of subgroups may contribute to the explanation
of familial clustering of hypertension and vascular disease
[9].

A limitation of the present study could be that hyper-
tensive patients were treated accordingly to clinical prac-
ticewith antihypertensive medication. Cal cium antagonists,
beta-blockers and ace-inhibitors are known to increase the
resistance of LDL to oxidation [7, 23]. However, this ob-
jection can be rejected, as antihypertensive therapy would
in fact, prevent the oxidation of LDL rather than decrease
the lag-times of LDL oxidation.

Insummary, our resultsindicatethat both normotensive
patients with a family history of hypertension and hyper-
tensive patientsmay have anincreased risk of vascular dis-
ease caused by an enhanced atherogenic potential of LDL.
Thus, genetic predisposition for hypertension already ren-
derslow-density lipoprotein more susceptible to oxidation
without phenotypic manifestation of hypertension. It is
shown that in humans the LDL subgroup pattern is partly
determined by hereditary. Thiscould be an explanation for
the higher susceptibility to LDL oxidation in normoten-
sive patients with afamily history of hypertension.
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