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Increased concentration of lipid peroxidation products in patients with primary biliary
cirrhosis is related to elevation of serum lipid content, but not to activation of lipid
peroxidation. Hyperbilirubinemia in patients with primary biliary cirrhosis is accom-
panied by a decrease in the concentration of lipid peroxidation products and increase in
antioxidant activity of blood serum. Antioxidants play a major role in the prevention of
atherosclerosis. We hypothesized that the absence of increased risk of atherosclerosis
in patients with primary biliary cirrhosis is due to inhibition of lipid peroxidation in blood
serum by antioxidant compound bilirubin.
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Increased serum content of lipids, primarily LDL
cholesterol (CH) and triglycerides (TG), is one of
the major risk factors for atherosclerosis. Free
radical lipid peroxidation (LPO) plays a key role in
the induction of this disease [2,15]. Oxidized LDL
damage the vascular wall, induce the inflammatory
response, and promote smooth muscle cell prolife-
ration leading to narrowing of the vessels. Antioxi-
dants decrease LDL oxidizability, thus modulating
these processes, which determines their use for the pre-
vention and therapy of vascular atherosclerosis [10].
Changes in lipid metabolism are typical of liver
diseases. For example, patients with primary biliary
cirrhosis (PBC) are characterized by significant in-
crease in the concentration of total lipids in blood
serum and elevation of atherogenic lipid fractions
(LDL CH and TG). Moreover, the content of LPO
products in the blood of PBC patients also increa-
sed, which attests to an important role of LPO in
the pathogenesis of this disease [3]. However, high
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risk of atherosclerosis is not typical of PBC patients
despite increased level of atherogenic lipid fractions
and LPO products in the blood. This fact is usually
explained by changes in LDL CH content and apo-
lipoprotein composition of the serum [4,8,12].

Jaundice is another typical sign of PBC. The
level of hyperbilirubinemia during this disorder
reaches 350-550 umol/liter or more. Published data
show that bilirubin is a potent antioxidant. The
inhibitory effect of bilirubin on LPO is realized via
its interaction with free radicals [1].

Here we studied the effect of bilirubin on the
concentration of LPO products and antioxidant ac-
tivity of lipids in the serum from PBC patients. We
also evaluated the relationship between LPO para-
meters and changes in lipid composition of blood
serum in patients with PBC and coronary athero-
sclerosis and healthy donors of the same age group.

MATERIALS AND METHODS

We examined 24 patients with PBC, 85 patients
with coronary atherosclerosis (CHD functional clas-
ses II-III), and 41 healthy donors of the middle and
elderly age groups (40-65 years). Serum samples
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were obtained from PBC patients (G. 1. Silonova,
Hepatology Center, Riga Medical Institute), CHD
patients, and donors of the middle and elderly age
groups (S. V. Drinitsina, Institute of Physicochemi-
cal Medicine). Informed consent for the use of bio-
logical samples was obtained from all participants.
The diagnostics and therapy were performed by
medical personnel.

Serum lipids were extracted and assayed by the
gravimetrical method. Phospholipid concentration
was estimated from phosphorus content in lipid ex-
tracts. The concentration of LPO products (conjuga-
ted dienes and ketodienes) was measured spectro-
photometrically. The amount of LDL CH and TG was
measured on a Centrifichem-400 automatic analyzer
using enzyme kits (Boehringer Mannheim GmbH).

Antioxidant activity of lipids in PBC patients
was evaluated from thermal oxidation of oleic acid
methyl ester. Antioxidant activity of lipids in CHD
patients was evaluated from the kinetics of malonic
dialdehyde (MDA) accumulation during Cu?*-in-
duced oxidation of the serum (50-fold dilution). In
these studies, antioxidant activity of lipids was in-
versely proportional to the rate of MDA formation.
MDA content was measured in the reaction with
thiobarbituric acid. The serum was studied on the
day of blood sampling.

The results were analyzed statistically. The dif-
ferences were significant at p<0.05.

RESULTS

Disorders in lipid metabolism play an important
role in the pathogenesis of CHD and intrahepatic
cholestasis during PBC. The content of total lipids
and atherogenic lipid fractions (LDL CH and TG)
in PBC patients far surpassed the corresponding
values in healthy donors and patients with athero-
sclerosis (Fig. 1, a, b, c¢). The total lipid content in
PBC patients increased by 79% compared to heal-
thy donors and by 65% compared to patients with
atherosclerosis, TG content by 118 and 94% and
LDL CH content by 162 and 47%, respectively.
Serum content of conjugated dienes in PBC
patients was elevated (Fig. 1, d), which agrees with
published data [3]. However, oxidability of lipids
(amount of conjugated dienes per mg lipids) in PBC
patients was much lower than in healthy donors of
the same age group. The content of ketodienes in
serum lipids from patients decreased to a greater
extent (by more than 2 times; Fig. 1, ¢). We hypo-
thesized that the increased concentration of LPO
products in PBC patients is related to elevation of
serum lipid content, but not to activation of lipid
peroxidation. This assumption is supported by pub-
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lished data. For example, the amount of reduced
glutathione in the liver does not decrease in PBC
patients [7]. Moreover, total antioxidant activity of
the serum increases in patients with PBC [11]. Anti-
oxidant drugs silymarin and catergen produced no
positive therapeutic effect in PBC patients [5].

The amount of LPO products in blood serum
and lipids increased in patients with atherosclero-
sis. The observed changes reflect LPO activation of
LPO in patients of this group (as differentiated from
PBC patients).

A strong negative correlation was found be-
tween the amount of LPO products and total lipid
content in blood samples from PBC patients and
healthy donors (Fig. 2, a, b, c¢). In patients with
atherosclerosis, the content of LPO products posi-
tively correlated with total lipid content. This prob-
ably reflects the release of additional amounts of
oxidized lipids from hypoxic or inflammatory foci
associated with atherosclerotic damage to vessels or
dysregulation of LPO in the organism.

LPO primary concerns phospholipids contai-
ning more unsaturated fatty acids than neutral li-
pids. Changes in antioxidant activity of lipids can
be related to variations in lipid composition. Enrich-
ment of lipids with easily oxidized fractions and
decrease in the content of hardly oxidized fractions
against the background of increased antioxidant
concentration constitute the physicochemical sys-
tem of LPO regulation [6]. Therefore we measured
serum content of phospholipids in patients. The
increase in the concentration of phospholipids in
total lipids from PBC patients and healthy donors
was accompanied by elevation of lipid antioxidant
activity. The linear correlation coefficients were
0.41 and 0.62, respectively (Fig. 2, e, f). Hence, the
elevation of lipid antioxidant activity and decrease
in the concentration of LPO products were accom-
panied by an increase in the content of easily oxi-
dized phospholipids in PBC patients. A negative
correlation between these parameters was found in
CHD patients (correlation coefficient -0.36). In
contrast to CHD patients, the relationship between
changes in lipid oxidation rate, lipid composition,
and antioxidant properties of serum lipids was not
impaired in PBC patients.

Since bilirubin exhibits antioxidant activity, we
hypothesized that inhibition of LPO in the blood of
PBC patients is related to hyperbilirubinemia. A
positive correlation was found between the con-
centration of lipid-soluble free bilirubin in blood
serum and antioxidant activity of lipids in patients
with PBC (R=0.86; Fig. 3, b). Total bilirubin con-
centration negatively correlated with the amount of
conjugated dienes and ketodienes (R=-0.68 and R=-
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0.65, respectively; Fig. 3, a). Patients with high
level of bilirubin in the blood had lower concentra-
tion of LPO products and higher content of anti-
oxidants than patients with low level of bilirubin. Our
results are consistent with antioxidant properties of
this pigment. Previous studies showed that the in-
crease in antioxidant activity of lipids during PBC is
determined by antioxidant properties of bilirubin [1].

The protective role of bilirubin in patients
with cardiovascular diseases was previously
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Fig. 1. Lipid metabolism in healthy donors of the middle and elderly
age groups (1) and patients with CHD (2) and PBC (3). Total lipids
(a), TG (b), and LDL CH (c). Content of LPO products in the serum
(d) and lipids (e). Light bars, conjugated dienes; dark bars,
ketodienes.

demonstrated [13]. Examination of pilots showed
that 50% decrease in blood bilirubin level was
associated with 50% increase in the risk of
damage to the coronary arteries. Epidemiological
studies revealed a direct correlation between
blood bilirubin level and amount of HDL CH.
However, blood bilirubin level was inversely
related to the concentrations of TG, LDL CH, and
glucose, systolic pressure, obesity, and cigarette
smoking [9,14].
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Fig. 2. Relationship between total lipid content and amount of LPO products (a, b, ¢) and between antioxidant activity of lipids and lipid
phospholipid content (d, e, f) in patients with CHD (a, d) and PBC (b, e) and healthy donors of the middle and elderly age groups (c, f).

AOA, antioxidant activity.
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Fig. 3. Relationship of bilirubin level with the amount of LPO products (a) and antioxidant activity (AOA) of lipids (b) in blood serum from

patients with PBC.

We showed that the increased concentration of
LPO products in patients with PBC is related to
elevation of serum lipid content, but not to LPO
activation. The relationship between changes in the
content of LPO products in lipids, their composi-
tion, and antioxidant properties (i.e., physicochemi-
cal system for regulation of oxidation reactions in
serum lipids) is not impaired in PBC patients. Potent
natural antioxidant bilirubin plays an important role
in the regulation of LPO during PBC. Hyperbiliru-
binemia in PBC patients is accompanied by a signi-
ficant decrease in the amount of LPO products and
increase in antioxidant activity of serum. A strong
positive correlation was found between antioxidant
activity of lipids and serum bilirubin level in pa-
tients. Antioxidants decrease the content of LPO
products and play a major role in prevention of
atherosclerosis. LPO inhibition in blood serum of
PBC patients by antioxidant compound bilirubin
probably reduces the risk of atherosclerosis in pa-
tients with significant atherogenic changes in the
lipid composition of blood serum.

REFERENCES

1. A. F. Blyuger, L. B. Dudnik, A. Ya. Maiore, and 1. E. Mieze,
Byull. Eksp. Biol. Med., 99, No. 2, 166-169 (1985).

11.

12.

13.

14.

15.

. Yu. A. Vladimirov, O. A. Azyzova, A. 1. Deev, et al., Free

Radicals in Living Systems. Results of Science and Technology
[in Russian], Moscow (1999), Vol. 29.

. A. Aboutwerat, P. W. Pemberton, A. Smith, et al., Biochim.

Biophys. Acta, 1637, No. 2, 142-150 (2003).

. M. Alocca, A. Crosignani, A. Gritti, et al., Gut, 55, No. 12,

1795-1800 (2006).

. P. Angulo, T. Patel, R. A. Jorgensen, et al., Hepatology, 32,

No. 5, 897-900 (2000).

. Ye. B. Burlakova, N. P. Pal’mina, and Ye. L. Mal’tseva,

Membrane Lipid Oxidation, 3, 208-233 (1992).

. F. Farinati, R. Cardin, N. de Maria, et al., Biol. Trace Elem.

Res., 47, Nos. 1-3, 193-199 (1995).

. W. L. Gregory, F. L. Game, M. Farrer, et al., Atherosclerosis,

105, No. 1, 43-50 (1994).

. M. Madhavan, W. A. Wattigney, S. R. Srinivasan, and G. S.

Berenson, Ibid., 131, No. 1, 107-113 (1997).

. J. Neuzil, C. Weber, and A. Kontush, Ibid., 157, No. 2, 257-

283 (2001).

G. Notas, N. Miliaraki, M. Kampa, et al., World J. Gastro-
enterol., 11, No. 27, 4194-4198 (2005).

M. J. O’Kane, P. L. Lynch, M. E. Callender, and E. R. Trimble,
Atherosclerosis, 131, No. 2, 203-210 (1997).

H. A. Schwertner and J. R. Jr. Fischer, Ibid., 150, No. 2, 381-
387 (2000).

H. A. Schwertner, W. G. Jackson, and G. Tolan, Clin. Chem.,
40, No. 1, 18-23 (1994).

S. K. Wattanapitayakul and J. A. Bauer, Pharmacol. Ther., 89,
No. 2, 187-206 (2001).






