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Radiation Damage Centers in Cholesteryl Heptanoate
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Cholesterol takes part signi�cantly in many biological mechanisms and as important component for manu-
facture of bile acids, steroid hormones, and several fat-soluble vitamins. To determine magnetic properties of
cholesteryl heptanoate (C34H58O2) which is an important cholesteryl ester in human life and new technology, the
single crystals of cholesteryl heptanoate were grown by slow evaporation of concentrated ethyl acetate solution and
the grown single crystals were irradiated at room temperature with 60Co γ ray. The radical produced by gamma
irradiation has been investigated in the range of temperatures 123�330 K for di�erent orientations of the crystal
in a magnetic �eld by EPR. Radiation damage center was attributed to radical ĊHαCH2β . The g factor and
hyper�ne coupling constants have slight dependence on temperature and evident dependence on the orientation of
the magnetic �eld. Determined g factor and hyper�ne coupling constants for the radical ĊHαCH2β were found to
be anisotropic with the average values gav = 2.0036, (aCHα)av = 14.52 G, (aCH2β )av = 25.78 G.
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PACS: 61.80.�x

1. Introduction

Cholesterol, shown in Fig. 1a, an important con-
stituent of cell membranes, has a rigid ring system and a
short branched hydrocarbon tail.

Fig. 1. Molecular structure of (a) cholesterol,
(b) cholesteryl heptanoate.

Cholesterol is required to build and maintain mem-
branes; it modulates membrane �uidity over the range of
physiological temperatures. Cholesterol reduces the per-
meability of the plasma membrane to protons (positive
hydrogen ions) and sodium ions. Within the cell mem-
brane, cholesterol also functions in intracellular trans-
port, cell signaling and nerve conduction. Within cells,
cholesterol is precursor molecule in several biochemical
pathways. In the liver, cholesterol is converted to bile,
which is then stored in the gallbladder. Cholesterol is
an important precursor molecule for the synthesis of vi-
tamin D and steroid hormones, including the adrenal
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gland hormones cortisol and aldosterone as well as sex
hormones progesterone, estrogens, and testosterone, and
their derivatives.

A cholesteryl ester is, as its name would imply, an ester
of cholesterol. The ester bond is formed between the
carboxylate group of a fatty acid and the hydroxyl group
of cholesterol. Cholesteryl esters have a lower solubility
in water than cholesterol and, in other words, are more
hydrophobic.

As mentioned above cholesterol and its esters take
part signi�cantly in many biological mechanisms and
an important component for manufacture of bile acids,
steroid hormones, and several fat-soluble vitamins. Nu-
merous experimental investigations have been performed
on cholesterol derivative molecules [1�5].

The �rst report on EPR study of free radicals in X-ray
irradiated powdered cholesterol, hormones, and vitamins
was done by Rexroad and Gordy and radiation induced
radicals were found very stable [6]. Then, gamma irradi-
ated sterol groups were studied at low temperatures [7].
Recently, intense EPR and electron-nuclear double reso-
nance (ENDOR) studies have been undertaken to eluci-
date the structure of free radicals formed in γ-irradiated
single crystals of selected steroids [8�16].

The studies were prompted by the progress in the
technology of radiation sterilization of medical and food
products, pharmaceuticals and other materials. In this
technology it is essential to have a knowledge of radicals
formed upon irradiation.

The aim of our study is to determine the radi-
ation damage to the single crystal cholesteryl hep-
tanoate (C34H58O2) also called cholesterol enanthate and
cholesteryl heptylate, shown in Fig. 1b, which is an im-
portant cholesteryl derivative along with the above men-
tioned chemicals in human life and new technology.
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2. Experimental

The white �ne crystalline powder of cholesteryl hep-
tanoate (C34H58O2) was bought from Merck and its sin-
gle crystals were grown by slow evaporation of concen-
trated ethyl-acetate solution. The chosen well shaped
single crystals of cholesteryl heptanoate were irradiated
at room temperature by 60Co γ Cell Px-γ-30 �ISS-
LODOVATEL� source of 0.725 kGy/h for 130 h. The
spectra were recorded with a Bruker EMX081 model
EPR spectrometer. The low- and high-temperature mea-
surements were carried out using a Bruker temperature
control unit between 125�330 K.

3. Results and discussion

Since steroids are compounds of great biological im-
portance in nature they became objects of extensive ra-
diation chemistry research, performed both X- and γ-
irradiated solid phase. Only a few steroids have ever been
studied by the EPR method. It is still essential to re-
search the irradiation e�ects on these steroid groups. The
chemical structure of cholesterol and cholesterol deriva-
tives are similar with their 4 ring group. The numbering
system of the cholesterol derivatives is shown in Fig. 2,
the starting point to the numbering is a carbon atom of
A ring. The organic groups of R′ and R′′ can be changed.

Fig. 2. The numbering scheme of cholesterol deriva-
tives.

Rexroad and Gordy suggested the essential type of res-
onance pattern for irradiated cholesterol powder, a triplet
with doublet substructure arising from three coupling
protons in which the two of them had equivalent coupling
and the third one had somewhat less coupling than the
two equivalent ones. Moreover, Rexroad and Gordy em-
phasized that determining of the radical structure formed
in irradiated cholesterol derivatives is di�cult. But they
proposed some radical types which can form this type of
EPR pattern [6].
According to the EPR spectra, the molecular struc-

ture, and the simulations of the spectra it is understood
that the unpaired electron seems not to be centered on
the side-chain, it is most probably centered on the ring
part of the molecule. We proposed that the radical under
consideration is formed by removal of a hydrogen atom
from C(4) in A ring (shown in Fig. 2) of the molecule.
The unpaired electron is delocalized on carbon atoms
C(4) and C(6) and interacts with two equivalent protons

at C(4) and C(6) and another proton attached to C(3).
According to these interactions the radical can be termed
as ĊHαCH2β produced in irradiated single crystal of
cholesteryl heptanoate. The model structure of proposed
radical was given in Fig. 3.

Fig. 3. The schematically radical model structure.

The EPR spectra of cholesteryl heptanoate single crys-
tals were recorded at 10◦ intervals in each three x, y, z
crystallographic axes in the temperature range 125�
330 K. The spectra were found to be slightly dependent
on the temperature but signi�cantly dependent upon the
orientation of magnetic �eld shown in Fig. 4 and Fig. 5,
respectively.

Fig. 4. Temperature dependence of irradiated
cholesteryl heptanoate single crystal EPR spectra.

The EPR spectra with the simulation of relevant spec-
tra shown in Fig. 6a and b have intensity distributions
1:1:2:2:1:1 and 1:3:3:1 of the radical ĊHαCH2β , respec-
tively, for di�erent orientations. In Fig. 6a, the hyper-
�ne interaction of unpaired electron with α and β hy-
drogen atoms are magnetically nonequivalent, �rstly the
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Fig. 5. The EPR spectra of irradiated cholesteryl hep-
tanoate single crystal when the magnetic �eld is oriented
(a) 10◦ to the x axis, (b) 50◦ to the y axis.

H2β splitting occur with the intensity ratios 1:2:1, then
each peak is split into two (1:1) because of the Hα split-
ting. In Fig. 6b, the hyper�ne coupling constants of α
and β hydrogen are nearly the same because of the higher
anisotropy of Hα coupling, so the intensity ratios of the
spectra is 1:3:3:1 which were the ratios of 3 magnetically
equivalent hydrogen atoms.

Fig. 6. The EPR spectra and relevant simulation spec-
tra of irradiated cholesteryl heptanoate single crystal
when the magnetic �eld is oriented (a) 160◦ to the z
axis (b) 100◦ to the x axis.

It is known that EPR spectroscopy is one of the most
powerful methods for studying the structure and deter-
mining the identity of molecules containing unpaired elec-
trons. There are two EPR parameters (the A and g ten-
sors) that contain valuable information about the geome-
try and electronic structure of the radical systems. The g
value provides a �ngerprint to identify the paramagnetic
centers and important for determining the structure of
the radical. The A value of a given nucleus in a rad-
ical is highly sensitive to its chemical environment and
can be used to determine the spin-density distribution
of the radical. The cholesterol derivatives with di�erent
side-chain structure have mostly di�erent bonding ring
structures in which the produced radical by γ-irradiation
is delocalized and it causes di�erent magnetic environ-
ments of unpaired electron at the esters of cholesterol.
According to the di�erent bonding ring structures; when
the molecule is irradiated, di�erent hydrogen atoms can
remove and this causes di�erent g-values. Also the hy-
per�ne interaction of the unpaired electron with the pro-
tons can change and this causes di�erent A-values. This
study and the previous EPR studies about cholesterol
derivatives show that the produced radical by irradia-

tion are delocalized at the di�erent site of ring part of
the molecule [6�21]. In other words, the main place and
the interaction of the unpaired electron can be di�erent
so it is still an important area to determine the produced
radicals and the EPR parameters of irradiated cholesterol
derivatives.

Fig. 7. Angular variation of spectroscopic splitting fac-
tor g and hyper�ne coupling tensors of ĊHαCH2β rad-
ical produced in cholesteryl heptanoate: (a) AHα(θ),
(b) AH2β(θ), (c) g(θ).

TABLE

The EPR parameters of ĊHαCH2β radical produced in
gamma irradiated cholesteryl heptanoate single crystal.

EPR
parameter

Principal
values

Direction cosines

aCHα [G]

Axx = 19.57

Ayy = 14.01

Azz = 9.98

aav = 14.52

 0.7851 0.4025 0.4707

−0.5345 0.8243 0.1866

−0.3129 −0.3981 0.8623



aCH2β [G]

Axx = 25.69

Ayy = 24.40

Azz = 27.26

aav = 25.78

 0.8726 −0.1358 −0.4692
0.1085 0.9905 −0.0849
0.4763 0.0232 0.8790



g

gxx = 2.0041

gyy = 2.0028

gzz = 2.0039

gav = 2.0036

 0.9821 −0.1455 0.1197

0.1282 0.9816 0.1416

−0.1381 −0.1237 0.9827



The EPR parameters of detected radical in irradiated
cholesteryl heptanoate single crystal is given in Table.
The angular variations of the hyper�ne interaction ten-
sor, A(θ) and spectroscopic splitting factor tensor, g(θ)

for the radical ĊHαCH2β produced in cholesteryl chloride
are shown in Fig. 7.

4. Conclusion

In this study, the radiation damage centers produced
by gamma irradiation in cholesteryl heptanoate single
crystal were determined and the radical structure were
proposed for the �rst time. The EPR parameters of de-
termined stable radical, ĊHαCH2β , were obtained and
the values were compared with the literature.
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The cholesterol and its derivatives are biologically
important molecules so identi�cation of their magnetic
properties and the damages of radiation to them are more
essential.
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