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The thermal nonlinear optical response of human normal and copper-oxidized low-density
lipoproteins (LDLs) were investigated by using the Z-scan technique, as a function of
temperature and concentration of LDL particles. The results show that the Z-scan signals
from normal LDL are characteristic of a sample with negative thermo-optical coefficient. The
amplitude of the Z-scan signal increases linearly with the LDL concentration, following the
usual Beer–Lambert law. On the other hand, oxidized LDLs do not show thermal nonlinear
optical response. This behaviour can be attributed to an absorbing element that is modified
by the oxidative process. On the other hand, changes in the physical state of the cores and
conformation of the ApoB100 protein, due to an increase in temperature, seems to enhance
the native LDL thermal nonlinear optical response.

Low-density lipoproteins (LDLs) are the main carriers

of cholesterol, playing a critical role in human

cholesterol metabolism. LDLs are almost spherical

lyotropic-type aggregates (typical diameter ,27 nm)

composed of a hydrophobic core made mainly of

cholesterol esters and triglycerides, an outer shell of
phospholipids, and one copy of the protein apoB100 [1].

Their structure and composition resembles the micellar

aggregates that form lyotropic liquid crystals [2].

Several pathological conditions are associated with
oxidative modifications of the LDL particles [3]. The

physical state of the LDL lipid core is highly dependent

on the temperature, T, and influences the structural

conformation of the apoB100 protein [4]. The physical

state of the core also determines the shape-symmetry of

the LDL particles. Cryo-electron microscopy experi-

ments [5, 6] suggest that native LDL for T,Tc (where

Tc is the transition temperature of the core content from
the liquid crystalline phase to the isotropic phase) has

an oblate ellipsoidal shape.

An interesting problem that could be addressed is the

response of the native and oxidized states of the LDL to

electromagnetic fields, in particular the nonlinear
optical response. The LDL particles have a number of

components that may contribute differently to the

nonlinear optical response. This response could depend

also on the particular state of the LDL and its

geometry. It is well known that self-assembly amphi-

philic systems, like lyotropic liquid crystals, respond to

optical fields in a way that depends on the structure and

local ordering of the amphiphilic aggregates [7].

Therefore, this response could be used to identify

different states (native or oxidized) of the LDL

particles.

Several techniques have been developed to measure

photo-induced effects in a medium. The single-beam Z-

scan (ZS) technique [8], initially developed to study

nonlinear optical effects from an electronic origin, and

the thermal-lens technique [9, 10], were employed

successfully in the field of photothermal spectroscopy

for studying lyotropic liquid crystals [11, 12]. This

technique, with laser pulses in the millisecond time-scale

regime, is particularly sensitive to the electronic

polarizability of the LDL particles, their modifications

with temperature, and geometrical factors. The ZS

technique does not need to use an extrinsic probe, which

can be considered as an advantage of this technique in

the face of other techniques usually employed in the

study of LDL.

In this study we report on the thermal nonlinear

optical response of LDL from normolipidemic blood

donor volunteers. Details of the protocols to promote*Corresponding author. Email: afigueiredo@if.usp.br
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the oxidative modifications of the LDL particles by

Cu+2 as well as on the Z-scan technique can be found

elsewhere [13, 11]. The laser-beam pulses used in the

ZS experiments were of 20 ms. In this time-scale, the

optical response of the sample is of a thermal origin.

The samples were prepared in a slab geometry, with
the LDL dispersed in water forming a film 200 mm

thick.

Figure 1 shows typical ZS (peak–valley) curves of

normal LDL and oxidized LDL (oxLDL) samples.

Samples of normal LDL, at temperatures between 23

and 43uC, exhibit a ZS signal characteristic of an

absorbing medium, with negative thermo-optical coeffi-

cient (dn/dT,0). On the other hand, copper-oxidized

LDL particles do not exhibit any ZS signal under the
same experimental conditions. This means that normal

LDL responds to the optical field stimulus by forming a

thermal lens, differently from the oxLDL that, in the

same conditions, does not form a thermal lens.

Figure 2 shows a plot of the peak-to-valley ampli-

tude-related coefficient in a ZS measurement h [14] as a

function of concentration of LDL particles c. Figure 2

also displays a linear fit showing that the nonlinear

optical response is proportional to c, following the
Beer–Lambert law. So, the Z-scan technique is highly

sensitive for quantitative determination of the normal

LDL concentration.

To investigate the effect of the temperature

(23(T(43uC) on the amplitude of the Z-scan signal,

we performed experiments with the LDL as a function

of temperature [13]. Our results show that the absolute

value of h increases almost linearly with T. The

hydrophobic core of LDL undergoes a reversible

thermal transition close to physiological temperature

[15]. The transition temperature Tc varies in between

individuals and has a strong dependence on the

composition of the lipid core. Usual values of Tc are

in the range of 24–30uC [16]. The temperature, and the

physical state of the lipid core of LDL, have multiple

consequences for many processes associated to oxida-

tion of the LDL. The susceptibility of LDL to oxidation

was shown to be dependent on the molecular packing of

the core lipid, i.e., its physical state [17], being enhanced

above Tc. The physical state of the lipid core also

influences the conformation of the secondary structure

of the protein moiety [4], revealing that its conformation

is more stable above Tc, depending strongly on

temperature, but less on the composition of the core.

As a last observation we stress that, in the present state

of our investigation, the nonlinear optical response of

the ApoB itself and its effect in the integrity of the outer

shell structure of the LDL is not determined.

Summarizing, we have shown that the ZS technique is

sensitive for quantitative determination of concentra-

tions of LDL in a broad range. Normal LDL has a

thermal nonlinear optical response depending on T but

oxLDL does not show any ZS signal at this time-scale.

These results indicate the possible application of a

nonlinear optical technique as a spectroscopic tool to

investigate the structure of LDL. In addition to the

structural properties implicated, the methodology

allows the detection of changes associated to inflam-

matory-stress and thus indirectly can measure the LDL

stability and vulnerability to thermal or oxidative stress.

As this is associated to the presence of the risk of heart

Figure 1. Typical Z-scan curves of LDL samples: (&)
normal LDL; (%) oxLDL. The peak-valley Z-scan transmit-
tance curve for a normal LDL sample corresponds to a sample
with dn/dT,0.

Figure 2. Z-scan signal peak-to-valley amplitude-related
coefficient as a function of the concentration of LDL.
Measurements made at the same conditions of temperature,
power of incident laser beam and sample thickness. The dotted
line is a linear fit.
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disease we can also envisage a practical application as a

diagnostic technique.
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