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Abstract The aim of this work was to compare the behaviour of
HDL oxidised by "OH or "OH/O; free radicals produced by
gamma radiolysis in the absence or in the presence of LDL at the
same concentration of 3 g1, in order to specify the possibility
of reciprocal protection of HDL and LDL towards lipid
peroxidation. This oxidation was quantitatively evaluated by
the decrease of endogenous a-tocopherol and the formation of
oxidation products (thiobarbituric acid-reactive substances and
conjugated dienes) and by the determination of initial radiation
yields. Our results demonstrated that HDL could be protected by
LDL against in vitro radical oxidation only in the presence of
oxygen (action of "OH/O, free radicals). This observation
addresses new questions about the interaction between HDL and
LDL, especially the possibility of a reciprocal protection.
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1. Introduction

Human high density lipoproteins (HDL) are well-known for
their protective effect in the atherosclerotic process, by their
ability to remove the cellular cholesterol from peripheral tis-
sues [1]. Besides this classical role of HDL, protection by
HDL against LDL peroxidation has been reported by several
authors [2-4]. However, both HDL and LDL are susceptible
in vivo to oxidative modifications in the subendothelial space
[5], so that the question of a reciprocal protection of these
lipoproteins can be addressed. In a recent study [6], Tribble et
al. observed an antioxidant effect of LDL on HDL oxidation
when these lipoproteins were co-incubated in the presence of
Cu®". A convenient method to study lipoprotein peroxidation
initiated by free radicals is gamma radiolysis of water, which
allows selective production of oxygenated free radicals with
well-known radiolytic yields (number of free radicals pro-
duced per unit of energy absorbed, that is per Joule). We
have previously used this method to initiate the peroxidation
of human LDL [7,8] and HDL [9,10] and we proposed kinetic
schemes of degradation of these lipoproteins under free radi-
cal attack. The aim of the present study was to compare the
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behaviour of HDL oxidised by "OH or "OH/O; free radicals
in the absence or in the presence of LDL at the same concen-
tration of 3 g1, in order to specify the possibility of reci-
procal protection of HDL and LDL towards lipid peroxida-
tion. The oxidative modifications induced by *OH or "OH/O;"
free radicals have been quantitatively analysed by monitoring
the decrease in a-tocopherol (major lipoprotein endogenous
antioxidant), and the formation of thiobarbituric acid-reactive
substances (TBARS) and of conjugated dienes, as a function
of increasing radiation doses, and by determining initial radio-
Iytic yields (decrease in o-tocopherol, formation of TBARS
and conjugated dienes) at pH 7.

2. Materials and methods

2.1. Isolation of lipoproteins

LDL (1.019 <d < 1.063) and HDL (1.063 <d < 1.21) were isolated
from the serum of normolipidaemic donors by sequential ultracentri-
fugation [11] in the presence of EDTA (1.08 mmol1™!) and further
dialysed for 18 h against a 1072 mol-1”! sodium phosphate buffer (pH
7), just prior to use. For the radiolysis experiments, the dialysed sol-
utions of HDL and LDL were adjusted to a concentration of 3 gl™?
(expressed as total lipoprotein), by dilution in the same buffer. For the
experiments where HDL and LDL were both subjected to irradiation,
HDL and LDL were separated after irradiation by ultracentrifugation
at d=1.063 and HDL concentration was adjusted again to 3 gl '
The analysis of the markers of lipid peroxidation (see below) was thus
done on the HDL and LDL fractions. Apolipoprotein A-1 and B
concentrations were obtained by laser immunonephelometry [12].
Lipoprotein cholesterol, phospholipids and triacylglycerols were as-
sayed by enzymatic methods [13-15].

2.2. Gamma radiolysis

Gamma irradiations were performed with a %°Co irradiator (activity
approx. 50 Ci). After washing, the vessels used for irradiation were
heated at 400°C for 4 h. Dosimetry was determined by Fricke’s meth-
od [16] (radiooxidation of 1072 mol1™! ferrous sulfate (Mohr’s salt)
solutions in 0.4 mol1™" H,SO, under air atmosphere) taking Ay
(Fe**) =304 nm, g394 = 2204 mol !<l-em™* at 25°C and G=16.2%X10"7
mol-J71. Irradiations were performed on 5 ml of lipoprotein solutions
in 1072 mol1™! sodium phosphate buffer, at pH 7. Before irradiation,
the lipoprotein solutions were saturated with either NoO or O, for 40
min at 25°C. Under these conditions, in NyO-saturated solutions,
hydroxyl free radicals were generated with a radiolytic yield (number
of "OH free radicals produced by unit of energy absorbed) of
5.6x1077 mol-J™' [16]. In O,-saturated solutions, hydroxyl and
superoxide radicals were simultaneously produced with respective
yields of 2.8%X 107" molJ™! and 3.4x 1077 molJ™" [17]. The dose
rate was 2.4X 1072 Gys~! and the radiation doses were 0-800 Gy.
For each experimental set, 5 ml of NoO- or Oy-saturated non-irradi-
ated lipoprotein solution was taken as control.

2.3. Biochemical markers of lipid peroxidation

The decrease in endogenous vitamin E and the formation of
TBARS were systematically analysed in lipoproteins one day after
irradiation. Results were identical to those obtained immediately after
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irradiation. To monitor the formation of conjugated dienes, differ-
ential absorbance spectra were always recorded immediately after ir-
radiation.

Endogenous a-tocopherol was assayed before and after irradiation,
by reverse phase HPLC, with spectrophotometric detection at 292 nm
[18]. TBARS were determined as end-products of lipid peroxidation
by a spectrofluorimetric method (Aeye =515 nm, Aoy, =548 nm) using
1,1,3,3-tetracthoxypropane as the standard [19]. The concentration of
TBARS produced was calculated as the difference between the
TBARS concentration in the irradiated samples and the non-irradi-
ated controls. Differential absorbance spectra of oxidised lipoproteins
were recorded between 200 and 700 nm, taking control HDL as refer-
ence, with a 1-mm optical pathway. An increase in the differential
absorbance at 236 nm constituted evidence for the formation of con-
jugated dienes [20].

For the decrease in a-tocopherol and TBARS formation, initial
radiation yields (G) were respectively determined as the initial slopes
of the curves and as the slopes of the linear part of the curves, and
expressed in mol of disappeared o-tocopherol and formed TBARS,
per unit of energy (Joule) absorbed, respectively. To some extent,
these yields reflected the rates of a-tocopherol disappearance and of
TBARS formation as a result of the action of the oxygenated free
radicals selectively produced at steady-state concentrations and hence
at a constant rate by gamma radiolysis of aqueous HDL solutions.

3. Results

3.1. Action of "OH free radicals

Decrease in endogenous vitamin E. Fig. 1 shows the decrease
in endogenous vitamin E in HDL (N,O-saturated solutions)
as a function of the radiation dose, depending of the presence
of 3 g17! LDL. When 3 gl~! HDL were irradiated in the
presence of 3 gl™' LDL, then isolated from LDL, vitamin
E was consumed as a function of the radiation dose, with
an initial yield of (1.3820.10)x 107 mol-J~!, which was a
little lower than if the same HDL were irradiated in the ab-
sence of LDL ((1.40 £ 0.10) X 10~7 mol-J~"). In addition, when
the HDL/LDL mixture was irradiated, vitamin E remained in
HDL, from 100 Gy to 700 Gy, at a level about 2Xx 1076
mol-I"1, whereas vitamin E totally disappeared at about 500
Gy when HDL were irradiated alone.

Formation of TBARS. As can be seen in Fig. 2, TBARS
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Fig. 1. Disappearance of vitamin E in 3 g17! HDL as a function of
the radiation dose, depending on the presence of 3 gl1™! LDL. Ac-
tion of "OH free radicals. 1072 moll"! sodium phosphate buffer,
pH 7. NyO-saturated solutions. Dose rate=2.4x10"2 Gys™l. m,
3 g17! HDL in the presence of 3 g1™! LDL; 0O, 3 g1! HDL in the
absence of LDL. Results are the means of two separate experiments
performed on HDL isolated from a pool of sera of 10 normolipid-
aemic donors.
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Fig. 2. TBARS formation in 3 g1=! HDL as a function of the radi-
ation dose, depending on the presence of 3 gl™' LDL. Action of
‘OH free radicals. 1072 moll™! sodium phosphate buffer, pH 7.
N,O-saturated solutions. Dose rate=2.4x10"% Gys™'. m, 3 gl™!
HDL in the presence of 3 gl1™! LDL; 0O, 3 gl~! HDL in the ab-
sence of LDL. Results are the means of two separate experiments
performed on HDL isolated from a pool of sera of 10 normolipid-
aemic donors.

appeared in irradiated HDL (alone or with LDL) with the
same yield, i.e. (0.25+0.05)X 1077 mol-J~!. However, when
HDL was irradiated with LDL, TBARS formation exhibited
a maximum for a radiation dose of 200 Gy, then decreased, so
that TBARS concentration in HDL at high radiation doses
(>300 Gy) was about 2-3-fold lower than that obtained
when HDL were irradiated alone.

Formation of conjugated dienes. The yield of conjugated
diene formation in HDL irradiated alone was (14.0% 1.00)
X 10~7 mol-J™', whereas it was (11.1+1.00)x10~7 mol-J!
when HDL were irradiated in the presence of LDL (Fig. 3).
It is noteworthy that, in both cases (in the absence or in the
presence of HDL), this yield was much higher than GCOH).
In the case of the HDL/LDL mixture, we observed at high
radiation doses (>200 Gy) a higher dispersion of the exper-
imental values than when HDL were alone in the irradiated
medium.

3.2. Action of "OHIO}, free radicals

Decrease in endogenous vitamin E. Fig. 4 shows the decrease
in endogenous vitamin E in 3 g1™! HDL (O,-saturated solu-
tions), as a function of the radiation dose, depending on the
presence of 3 g1! LDL. When 3 g1 ' HDL were irradiated
in the presence of 3 gi1™! LDL, vitamin E in HDL was con-
sumed with an initial yield of (0.65+0.10)x10~7 mol-J~!,
which was about 2-fold lower than that obtained when
HDL were irradiated alone ((1.50+0.10) X 10~7 mol-J™1).

Formation of TBARS. Fig. 5 shows TBARS formation in
3 g17! HDL when they were irradiated either in the presence
or in the absence of 3 g'1~! LDL (Os-saturated solutions). The
yield of TBARS formation was 3-fold lower when HDL and
LDL were simultaneously present in solution than that ob-
served when HDL were alone in solution: (0.21 £ 0.05)x 10~7
vs. (0.70£0.10) X 10~ mol-J~.

Formation of conjugated dienes. When 3 g1~! HDL were
subjected to the action of “OH/O; free radicals in the pres-
ence of 3 g1™! LDL, the yield of conjugated diene formation
(Fig. 6) was (2.90£0.50) X 10~7 mol-J~!, i.e. more than 2-fold
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Fig. 3. Differential absorbance at 236 nm in 3 g1™' HDL as a func-
tion of the radiation dose, depending on the presence of 3 gl7!
LDL. Action of "OH free radicals. 1072 mol1™! sodium phosphate
buffer, pH 7. NyO-saturated solutions. Dose rate=2.4X1072
Gys™'. m, 3 gl™! HDL in the presence of 3 g1™! LDL; 0O, 3 gl™!
HDL in the absence of LDL. Results are the means of two separate
experiments performed on HDL isolated from a pool of sera of 10
normolipidaemic donors.

lower than that obtained when HDL were irradiated alone
(6.30£0.50) X 1077 mol-J71).

Table 1 summarises the comparative results obtained with
3 gi17! HDL subjected to "OH or "OH/O;, free radicals, de-
pending on the simultaneous presence of 3 gl=' LDL. It
clearly shows the major consequences of the presence of
LDL when HDL were irradiated:

— when "OH free radicals were generated alone, LDL did
not modify the yields of vitamin E decrease, of TBARS for-
mation or of conjugated diene production. Nevertheless, the
presence of a remaining vitamin E steady-state at high radia-
tion doses (up to 800 Gy) was observed in the presence of
LDL and not in their absence;

— by contrast, when "OH and O} free radicals were simul-

D. Bonnefont-Rousselot et al.[IFEBS Letters 403 (1997) 70-74

taneously generated in solution, all determined radiation
yields were clearly lowered by the presence of LDL during
the HDL irradiation.

Table 1 also makes it possible to compare the behaviour of
the 3 gl™! LDL reisolated from the irradiated HDL/LDL
mixtures, with that of 3 gi1™! LDL irradiated alone. Similarly
to what was observed for HDL:

— "OH free radicals led to a yield value of vitamin E de-
crease in LDL irradiated in the presence of HDL which was
close to that obtained in LDL irradiated alone
((0.80+0.10)x 1077 vs. (0.70£0.10)x1077 molJ™!). A
steady-state vitamin E level (1.5 X 1076 molI™1) was observed
in LDL only under the former conditions. The yield of
TBARS formation was not significantly different in the pres-
ence or in the absence of HDL ((0.15+0.05)X 1077 vs.
(0.10£0.05)x 1077 mol-J™Y), and the TBARS concentrations
at high radiation doses were very similar (1.5X1075 vs.
2.0x 1078 mol-171);

— by contrast, in the presence of oxygen, the yield of vita-
min E decrease in LDL was lowered by the presence of HDL
((0.70 £0.10) X 10™7 vs. (1.00£0.10)x 107 mol-J™1), and vi-
tamin E disappeared at a higher radiation dose (350 Gy vs.
150 Gy). With regard to TBARS, the presence of HDL dra-
matically decreased both G(TBARS) ((0.15+0.01)x 1077 vs.
(1.10£0.20) X 1077 mol-J™!) and the plateau of TBARS ob-
tained at high radiation doses (6.5X 1075 vs. 17.0x 1076
mol1™1).

4. Discussion

Kinetic mechanisms of HDL oxidation have been devel-
oped elsewhere [10]. Briefly, it has been previously shown
[10] that free radicals could compete towards the different
molecular targets of HDL (lipids, apolipoproteins, antioxi-
dants), but each kind of free radical reacted in different
ways. ‘OH free radicals were able to attack non-specifically
all protein and lipid sites, which is not the case for O free

Table 1
Comparative results obtained with 3 g1-! HDL subjected to "OH or "OH/Oj free radicals, depending on the simultaneous presence of 3 g1™?
LDL
3 g1™' HDL in the 3 g1! HDL in the presence 3 g™ LDL in the presence 3 g17! LDL in the
absence of LDL of 3 gl™! LDL of 3 gI”* HDL absence of HDL [8]
‘OH  G(—Vit.E) 1.40+0.10 1.38£0.10 0.80+0.10 0.70+0.10
pH7 (X107" mold™h
Dose for [vitamin E] 500 Gy none (vitamin E steady-state:  none (vitamin E steady-state: 600 Gy
=2x1077 mol1! 2% 1078 molI™1) 1.5%107% mol-I™1)
G(TBARS) 0.25£0.05 0.25£0.05 0.15+0.05 0.10+0.05
(X1077 molJ™ 1)
Plateau of TBARS 3.5 2.8 1.5 2.0
(X107 mol1™1)
G(conjugated dienes) 14.0x1.00 11.1+1.00 Not determined Not determined
(X107 molJ™ 1Y)
‘OH/ G(—vVit.E) 1.50+0.10 0.65+0.10 0.70+0.10 1.00+0.10
(O (X1077 molJ™1)
pH 7 Dose for [vitamin E] 100 Gy 200 Gy 350 Gy 150 Gy
=2X10"7 mol1!
G(TBARS) 0.70+0.10 0.21+0.05 0.15+0.01 1.10+0.20
(X107 molJ™!)
Plateau of TBARS 10 5.0 6.5 17.0
(X107% mol1™Y)
G(conjugated dienes)  6.30£0.50 2.90%0.50 Not determined Not determined

(x10~7 molJ1)

Data relating to the 3 g1™! LDL reisolated from the HDL/LDL mixtures after irradiation are compared to those of the 3 g1~! LDL irradiated

alone.
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Fig. 4. Disappearance of vitamin E in 3 g1™! HDL as a function of
the radiation dose, depending on the presence of 3 g1™! LDL. Ac-
tion of “OH/O; free radicals. 107 moll™! sodium phosphate buf-
fer, pH 7. Og-saturated solutions. Dose rate=2.4X1072 Gys~!. m,
3 g17! HDL in the presence of 3 g1=! LDL; 00, 3 g1! HDL in the
absence of LDL. Results are the means of two separate experiments
performed on HDL isolated from a pool of sera of 10 normolip-
idaemic donors.

radicals, which are poor initiators of lipid peroxidation.
Moreover, the action of "OH free radicals was enhanced by
the presence of oxygen, leading for example to radiation yields
of TBARS and to plateaus of TBARS at high radiation doses
that were higher in the presence of oxygen than in its absence.

Our results show that, when "OH free radicals were gener-
ated alone, the presence of 3 g1™* LDL in the 3 g1=* HDL
solutions did not disturb the HDL oxidation (for yield values,
see below), except for the residual vitamin E level at high
radiation doses, which constituted the major difference with
the irradiation of 3 g1~! HDL without LDL (Table 1). The
presence of LDL thus seems responsible for the remaining of
a steady-state vitamin E level in HDL, but the mechanism
involved is unknown.

Radiation yields of all the markers studied were not modi-
fied by the presence of LDL when 3 g1~} HDL were oxidised
by "“OH free radicals. Indeed, these radicals led to a yield of
vitamin E decrease which was very similar to that obtained in
the absence of LDL. This implies that there was no protection
of HDL by LDL towards the attack of endogenous vitamin E
by "OH free radicals. Similarly, with regard to TBARS (Table
1), experimental values of G(TBARS) did not exhibit any
difference depending on the presence of LDL, but these values
were very low, so that their determination could lack preci-
sion. However, at high radiation doses, TBARS formed in
3 g17! HDL irradiated in the presence of 3 g1™! LDL tended
to a maximum concentration which was slightly lower than
that obtained with 3 g17! HDL irradiated alone. Such a phe-
nomenon could result from a protection of HDL towards the
formation of TBARS, by the steady-state vitamin E level ob-
tained from 200 Gy. With regard to conjugated dienes (Fig.
3), at low radiation doses, only the curve relating to the mix-
ture HDL+LDL exhibited a weak inflexion point which could
reflect a weak protection of HDL by the presence of LDL, but
the yield remained very close to that obtained without LDL.
The observation that radiation yields were not modified by
the presence of LDL could be explained by the fact that there
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was no effect of the lipoprotein concentration (constant yields
regardless of the HDL concentration). As an example, for the
yield of vitamin E decrease, only the vitamin E/HDL compo-
nents ratio has to be taken into account, and this ratio is the
same whatever the HDL concentration. When LDL are
added, this ratio is not modified, so that the yield remains
unchanged.

By contrast, in the presence of oxygen, that is under con-
ditions close to the physiological ones, the most important
differences appeared between HDL irradiated alone or simul-
taneously with LDL. As shown in Fig. 4, the action of *OH/
O} free radicals on 3 g17! HDL irradiated in the presence of
3 g7 LDL led to a complete disappearance of vitamin E at
higher radiation doses than in the absence of LDL. This in-
volves a protection of vitamin E, in relation with the presence
of LDL. Besides, it is noteworthy that the complete disappear-
ance of vitamin E at high radiation doses contrasts with the
steady-state vitamin E level observed with *OH free radicals.
The possible regeneration of oxidised vitamin E seems inhib-
ited by the presence of oxygen.

TBARS formation in HDL was markedly reduced when
HDL were irradiated in the presence of LDL. This can be
clearly noted (Table 1) by the decrease in the yield value
and in the plateau values obtained at high radiation doses.
There would be a protection of HDL by the LDL simulta-
neously present during the irradiation process, not only with
regard to the yields, but also to the total oxidation products
(TBARS) formed at high radiation doses. A similar protection
can be observed for the yields of conjugated diene formation,
thus leading to the hypothesis that the lipid moiety of HDL is
partly protected from the radical attack.

Nevertheless, significant protection of HDL by LDL was
only observed in the presence of oxygen (action of "OH/O;"
free radicals, which could be assimilated to the action of "OH
free radicals in the presence of oxygen, as in the case of LDL
[8]). This led us to suppose that a simple competition of “OH
free radicals between the different components of HDL and
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Fig. 5. TBARS formation in 3 g1~! HDL as a function of the radi-
ation dose, depending on the presence of 3 g1™! LDL. Action of
*OH/Oj free radicals. 1072 mol1™! sodium phosphate buffer, pH 7.
Oj-saturated solutions. Dose rate=2.4x10"2 Gys™'. m, 3 gl
HDL in the presence of 3 gl1™! LDL; 0O, 3 gl™! HDL in the ab-
sence of 3 g1™! LDL. Results are the means of two separate experi-
ments performed on HDL isolated from a pool of sera of 10 nor-
molipidaemic donors.
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Fig. 6. Differential absorbance at 236 nm in 3 g1™' HDL as a func-
tion of the radiation dose, depending on the presence of 3 gl~!
LDL. Action of "OH/O; free radicals. 1072 mol1~! sodium phos-
phate buffer, pH 7. O-saturated solutions. Dose rate=2.4% 1072
Gys . m, 3 gI"! HDL in the presence of 3 g1 ! LDL; 0, 3 gl!
HDL in the absence of LDL. Results are the means of two separate
experiments performed on HDL isolated from a pool of sera of 10
normolipidaemic donors.

LDL cannot be evoked. Indeed, there is no HDL concentra-
tion effect from 1 to 5 gl™! (data not shown). Nevertheless,
the mechanism does not seem as simple as in the case of the
action of "OH free radicals alone. Indeed, the formation of
new oxidation products could be initiated and amplified, via
chain reactions, by oxygen. It could be hypothesised that only
the oxidation products formed in the presence of oxygen
could be exchanged from HDL to LDL, so affording protec-
tion of HDL by LDL simultaneously present. The assessment
of LDL behaviour in the LDL/HDL mixtures after irradiation
and further isolation of LDL (Table 1) led us to the conclu-
sion that, similarly to what was observed for HDL, LDL
irradiated in the presence of HDL seemed to be partly pro-
tected against oxidation, only in O-saturated solutions.

A role of HDL in the protection of LDL against lipid
peroxidation has been generally reported [2-4]. In this way,
Parthasarathy et al. [4] explored the potential of HDL-LDL
interactions in culture that might affect the generation of oxi-
dised LDL and their subsequent metabolism by macrophages.
Indeed, co-incubation of HDL and LDL with endothelial cells
had a profound inhibitory effect on the subsequent degrada-
tion of the incubated macrophages, while having no effect on
the generation of TBARS or the formation of conjugated
dienes. These authors suggested an explanation based on a
rapid exchange of oxidised phospholipids from LDL with
unoxidised HDL phospholipids for oxidation. Our hypothesis
is compatible with that proposed by Parthasarathy et al. [4].
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As mentioned above, such a reciprocal protection of HDL by
LDL has been previously evoked by Tribble et al. [6]. Accord-
ing to these authors, the unexpected antioxidant effects exhib-
ited by LDL in the presence of Cu®* may reflect specific
properties of these particles. Our original method, i.e. water
gamma radiolysis, allowed us to show a reciprocal protection
of HDL and LDL against in vitro "OH induced peroxidation
in the presence of oxygen. This observation leads to a new
approach of the interaction between HDL and LDL towards
oxygenated free radicals.
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References

[1] Glomset, J.A. (1968) J. Lipid Res. 9, 155-167.

[2] Klimov, A.N., Gurevich, V.S., Nikifora, A.A., Shatilina, L.V.,
Kuz’'min, A A, Plavinskii, S.L. and Teryukova, N.P. (1992) Bull.
Exp. Biol. Med. 114, 960-963.

[3] Onta, T., Takata, K., Horiuchi, S., Morino, Y. and Matsuda, I.
(1989) FEBS Lett. 257, 435-438.

[4] Parthasarathy, S., Barnett, J. and Fong, L.G. (1990) Biochim.
Biophys. Acta 1044, 275-283.

[5] Nagano, Y., Arai, H. and Kita, T. (1991) Proc. Natl. Acad. Sci.
USA 88, 6457-6461.

[6] Tribble, D.L., Chu, B.M., Gong, E.L., van Venrooij, F. and
Nicols, A.V. (1995) J. Lipid Res. 36, 2580-2589.

[7] Bonnefont-Rousselot, D., Gardés-Albert, M., Lepage, S., De-
lattre, J. and Ferradini, C.(1992) Radiat. Res. 132, 228-236.

[8] Bonnefont-Rousselot, D., Gardés-Albert, M., Delattre, J. and
Ferradini, C. (1993) Radiat. Res. 134, 271-282.

[9] Bonnefont-Rousselot, D., Motta, C., Khalil, A., Sola, R., La
Ville, A.E., Delattre, J. and Gardés-Albert, M. (1995) Biochim.
Biophys. Acta 1255, 23-30.

[10] Khalil A., Bonnefont-Rousselot D., Gardés-Albert M., Lepage
S., Delattre J. and Ferradini C. (1994) J. Chim. Phys. 91,
1132-1139.

[11] Havel, R.J., Eder, H.A. and Bragdon, J.H. (1955) J. Clin. Invest.
34, 1345-1353.

[12] Rosseneu, M., Vercaemst, R., Vinaimont, N., Van Tornout, P.,
Henderson, L.O. and Herbert, P.N. (1981) Clin. Chem. 27, 856
859.

[13] Allain, C.C., Poon, L.S., Chan, C., Richmond, S.G. and Fu, P.C.
(1974) Clin. Chem. 20, 470-475.

[14] Takayama, M., Itoh, S., Nagasaki, T. and Tanimipu, J. (1977)
Clin. Chim. Acta 79, 93-98.

[15] Eggstein, M. and Kreutz, F.H. (1966) Klin. Wochenschr. 44,
262-267.

[16] Fricke, H. and Morse, S. (1927) Am. J. Roentgenol. Radiat.
Ther. 18, 430-432.

[17] Ferradini, C. and Pucheault, J. (1983) Biologie de I’Action des
Rayonnements Ionisants, Masson, Paris.

[18] De Leenheer, A.P., De Bevere, V.O., Cruyl, A.A. and Clayes,
A.E. (1978) Clin. Chem. 24, 585-590.

[19] Yagi K. (1976) Biochem. Med. 15, 212-216.

[20] Pryor, W.A. and Castle, L. (1984) in: Methods in Enzymology
(Colowick, S.P. and Kaplan, O.P., Eds.) pp. 293-299, Academic
Press, New York.



