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In order to estimate the optimum laser conditions for efficient dissociation of cholesterol ester in an arterio-
sclerotic region of blood vessels, we have investigated the relationship between the laser parameters and cho-
lesterol ester dissociation using a MIR free electron laser (FEL). In this study, cholesteryl oleate, a typical
cholesterol ester found in arteriosclerotic regions, was irradiated with 5.75-um-FELs, which is known to cause
vibration of ester bonds. The following results were obtained. (1) Ester dissociation depended upon the
absorption coefficient. The macropulse duration was shorter than the thermal relaxation time, showing that the
ester bonds dissociated into carboxylic acid and cholesterol by macropulse-induced thermal effects without
accompanying thermal diffusion. (2) Using a wavelength of 5.75 um, the maximum ester dissociation ratio
was achieved under the optimum laser conditions of a macropulse energy density greater than 0.4 J/cm?2. (3)
5.75-um-FEL was estimated to dissociate cholesterol ester under endothelial cells without thermal damage.
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Table 1 Parameters and their labels used in this article.

Parameter Label ~ Unit Value etc.
FEL IRRADIATION o -
Wavelength A pwm =5.75,6.10, 6.82
Bam spot size 5 cm? =2.0x 1073
Macropulse energy density Em J/em? =0.1-1.6
Marcropulse duration T sec =2x10%-15%x 10
Macropulse interval ™ sec =100 x 1073
Macropulse peak power Pum Wicm? = Ey/tv
Micropulse duration T sec =5x1012
Micropulse interval T sec =5%1038
irradiation area s cm? =0.1
Irradiation time sec =30- 5400
Incident pulse number n - =101s/S,1-100
CHOLESTERYL OLEATE SAMPLE
Carbonization point T. °C =300 °C
Absorption coefficient Uy cm! =650 (@A =5.75 um)
Optical penetration depth ) um = 1000/y, = 15 X 100 (@A = 5.75 um)
Thermal relaxation time Ttherm sec =10%- 107
Sample thickness d pm =50
" Cholesterol content ~~ Cq 1 mol% T
Ester dissociation ratio Ry %
CALCULATIONS AT CHAP. 4 o
Incident macropulse energy Ey Jem? vertical axis in Fig. 7
At The Upper Normal Tissue,
Thickness D um Horizontal axis in Fig. 7
E\y, which rise temperature...
to 60 °C Emp(D) J/cm? Dark gray curve in Fig. 7
to 100 °C Emp(D) J/em? Gray curve in Fig. 7
to 374 °C Emc(D) J/em? Light gray curve in Fig. 7

At the cholesteryl oleate
E\, of which penetrated light can cause...
_Ester dissociation
Vaporization

EMmin(D )
EMvap(D?

Jem? Black curve in Fig. 7
J/em®  Black dotted curve in Fig. 7
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Fig. 1 Molecular structure of cholesteryl oleate. Cholesteryl
oleate molecule consists of cholesterol and oleic acid,
which are connected by an ester bond.

(a) FEL pulse structure at iFEL, Osaka Univ.
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Fig. 2 Pulse structure of FEL (a), Optical path used in FEL
irradiation experiments (b), and the ZnSe sample cell
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Fig. 3 Mass spectra of cholesteryl oleate (a) and cholesterol

(b) are shown.
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Fig. 4 Mass spectra of the samples irradiated by FELs, of
which wavelengths were (a) 5.75 um, (b) 6.10 m,
and (c¢) 6.82 pm, respectively.
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Fig. 7 Estimation of 5.75-um-FEL irradiation effects onto
2-layer-model of water/cholesteryl oleate.
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Fig. 8 Proposed irradiation setup using 5.75-um-FEL for
clinical use.
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