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Abstract

AIM: To study the effect of selenium on peripheral blood
mononuclear cell (PBMC) membrane fluidity and immune
function in patients with chronic hepatitis.

METHODS: PBMCs were pretreated with selenium
(1.156×10-7 mol/L) for 6 h in vitro or extracted directly from
patients after administration of  selenium-yeast continuously
for 8-12 wk (200 µg/d), and then exposed to Con-A for
48 h. The membrane fluidity, interleukin-2 (IL-2) production
and interleukin-2 receptor (IL-2R) expression in PBMCs and
malondialdehyde (MDA) concentration in medium and lipid
peroxide (LPO) in plasma were determined.

RESULTS: The PBMC membrane fluidity, IL-2 production
and IL-2R expression in patients with chronic hepatitis were
significantly lower than those in healthy blood donators
(particle adhesive degree R, 0.17±0.01 vs 0.14±0.01,
P<0.01; IL-2, 40.26±9.55 vs 72.96±11.36, P<0.01; IL-2R,
31.05±5.09 vs 60.58±10.56, P<0.01), and the MDA
concentration in medium in patients with chronic hepatitis
was significantly higher than that in healthy blood donators
(1.44±0.08 vs 0.93±0.08, P<0.01). Both in vitro and in vivo

administration of selenium could reverse the above parameters.

CONCLUSION: Supplement of selenium can suppress lipid
peroxidation, and improve PBMC membrane fluidity and
immune function in patients with chronic hepatitis.
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INTRODUCTION
Hepatic viruses attack immune cells thus leading to cell immune
functional disorders, which is one of the major mechanisms of
chronic hepatitis[1-4]. It is currently believed that the damage of
immune cells caused by lack of the minor elements of selenium,
proliferation of free particles and peroxidization of lipid are

probably associated with cell immune functional disorders in
patients with chronic hepatitis[5-9]. The use of anti-oxidants
could contribute to improving the psychopathologic process
of chronic hepatitis, suppress cell immune functional disorders
and accelerate the recovery of liver functions[10-112]. The minor
elements of selenium have anti-oxidizing effects, and have been
utilized in the immune regulation of many diseases, but the
effect of selenium treatment on peripheral blood mononuclear
cell (PBMC) functions in patients with chronic hepatitis is still
unclear[13-15]. We found during our early work that using selenium
in the periphery could improve the inlerleukin-2 production
of PBMCs and IL-2R expression in patients with chronic
hepatitis[16]. By examining the changes of PBMC membrane
fluidity, interleukin-2 (IL-2) and its receptor system in patients
with chronic hepatitis before and after using selenium, We further
explored the effects and mechanism of selenium treatment on
the cell immune functions in patients with chronic hepatitis.

MATERIALS AND METHODS
Patients
A total of 45 patients with chronic hepatitis were inpatients of
our hospital from 1995 to 1997, among them 38 were males and
7 females, aged 21-52 years. The HBsAg of 30 patients with
chronic hepatitis and 15 patients with cirrhosis was positive.
The diagnosis was in accordance with the readjust standards
of the National Academic Conference of Viral Hepatitis held in
Shanghai in 1990. Besides, ten healthy blood donators were
chosen as the control group.

Peripheral experiment
Elbow venous blood was taken from fasting healthy blood
donators. Then PBMCs were routinely separated and floated in
the RPMI-1640 culture medium. Then cell density was adjusted
to 1×106/L and 1 mL of cell suspension was added into each well
of 24-well culture plates, and randomly divided into control group,
tBHP damage inducing group, and selenium treatment group. In
addition, PBMCs were taken and divided into 4 patient control
group and 5 patient selenium group. NaSeO2 (final density,
1.156×10-7 mol/L) was added into groups 3 and 5, each of the rest
groups was added with the same amount of culture liquid followed
by incubation for 6 h, and con A (5 mg/L) were added. Meanwhile,
lipoperoxide inducing agents tBHP (20 µmol/L) were added
into groups 2 and 3, and cultured at  37  for 48 h in a humidified
atmosphere containing 50 mL/L CO2.

Clinical treatment and survey
The patients were divided into two groups. The normal group
was given bifendate pills and Fufangyiganling. Some individual
patients were given compound ammonium glycyrrhetate
injection and Qinkailing injection intravenously. Selenium
treatment group, on the basis of the routine treatment, was
given selenium yeast or selenium amylase (200-300 µg/d) orally
for 8 to 12 wk. At the beginning of and after the treatment,
blood was collected from the patients to separate PBMCs and
to measure the blood plasma.



Measurement of  induced IL-2 production and its activation
Each group of PBMCs was added with con-A (5 mg/L, Sigma)
and cultured at 37  in a humidified atmosphere containing
50 mL/L CO2. IL-2 activation expressed in 1×103 U/L was measured.

Measurement of IL-2R expression
The cells of each group, after induction and production of IL-2,
were collected to measure IL-2R expression by indirect immune
fluorescence and the positive rate was expressed as percentage
of positive cells.

Measurement of lipid peroxidation
The supernatant from each group or patients’ blood plasma
was subjected to the measurement of MDA or LPO content by
using microflorescence technique.

Measurement of membrane fluidity
The cells of each group were suspended in the RPMI-1640
culture medium to a cell density of 1×106/L. The same amount
of 2×10-6 mol/L fluorescence probing agents DPH (sigma
product) was added and cultured at 25  for 30 min. The
polarization deviation degree (P) was measured under the
condition of 432 nm (transmitting light) /362 nm (irritating light)
on MPF-4 polarization meter and the particle adhesive degree
(R) was calculated. The value of R and membrane fluidity were
in inverse proportion.

Statistical analysis
All the data were expressed as mean±SD, and analyzed by t-test
and ANOVA analysis. P<0.05 was considered statistically
significant.

RESULTS
Effects of selenium on IL-2 activation and IL-2R expression in
human PBMCs
As shown in Table 1, after PBMCs in normal group were treated
with tBHP, both IL-2R expression and IL-2 secreting activity
were significantly declined, which was similar to those of the
patient group. Six hours after addition of selenium, the above-
mentioned changes in the cells of these two groups were
obviously inhibited.

Table 1  Influence of selenium on IL-2 and IL-2R expression
(mean±SD)

Groups   Cases   IL-2 activation     IL-2R expression
    (1×103 U/L)     (%)

Normal control group      10       72.96±11.36 60.58±10.56
+tBHP                   10       42.12±12.06b 37.05±8.06b

+Selenium+tBHP      10       53.26±18.15a 52.12±9.68a

Patient control group      22       40.26±9.55b 31.05±5.09b

Patients+selenium      23       60.32±15.24c 54.06±5.22c

bP<0.01 vs normal control group; aP<0.05 vs tBHP inducing
damage group; cP<0.05 vs patient control group.

Influence of selenium on PBMC membrane fluidity
As shown in Table 2, after PBMCs in normal group were treated
with tBHP, the amount of MDA increased and the membrane
fluidity obviously lowered. The PBMC membrane fluidity of
the patient group was also significantly lower than that of the
normal control group. Six hours after addition of  selenium, the
above-mentioned changes could be obviously inhibited.

Changes in IL-2R expression and IL-2 secreting activity of PBMCs
of patients before and after selenium treatment
As shown in Table 3, after treatment with selenium, both the

IL-2R expression and IL-2 secreting activity of PBMCs were
significantly increased, while the content of MDA in the culture
media was obviously decreased compared with the groups
without selenium treatment (P<0.05).

Table 2  Influence of selenium on PBMC membrane fluidity
(mean±SD)

Groups  Cases  R       MDA (µmol/L)

Normal control group     10        0.14±0.01 0.93±0.08
+tBHP     10        0.19±0.02b 2.32±0.25b

+Selenium+tBHP     10        0.16±0.02a 1.36±0.09a

Patient control group     22        0.17±0.01b 1.44±0.08b

Patients+selenium     23        0.15±0.01c 1.21±0.09c

bP<0.01 vs normal control group; aP<0.05 vs tBHP inducing
damage group;  cP<0.05 vs patient control group.

Table 3  IL-2 and IL-2R expression in PBMCs of patients before
and after selenium treatment (mean±SD)

Groups        Cases  IL-2 activation  IL-2R expression
(1×103U/L)      (%)

Before treatment
  Normal control group          22         43.22±9.25 31.24±5.20
  Selenium treated group      23          42.26±9.55 31.05±5.09
After treatment
  Normal control group         18         49.45±15.25 35.12±6.49
  Selenium treated group       17         60.32±13.28a 46.05±4.46b

bP<0.01 vs before treatment.

Changes in PBMC membrane fluidity of patients before and
after selenium treatment
As shown in Table 4, the PBMC membrane fluidity recovered
remarkably and the content of MDA in blood plasma decreased
strikingly, whereas no significant changes were observed in
the control group. The result was similar to that in vitro experiment.

Table 4  Effect on PBMC membrane fluidity of patients before
and after selenium treatment (mean±SD)

Groups           Cases               R          Lipid peroxide
               (nmol/L)

Before treatment
  Normal control group 22    0.17±0.01   7.36±4.15
  Selenium treated group 23    0.17±0.01   7.36±4.08
After treatment
  Normal control group 18    0.16±0.01   6.15±3.85
  Selenium treated group 17    0.15±0.01b   5.02±2.50b

bP<0.01 vs before treatment.

DISCUSSION
Previous studies have shown that the activating oxidation or
the organic peroxidation of the external chemical system could
influence various functions of immune cells[15,17-19]. Our previous
study demonstrated that PBMCs from the patients with chronic
hepatitis showed significantly increased production of IL-2
and expression of IL-2R after warmed with selenium for 6 h[16].
In this experiment, our results showed that human PBMC
producing IL-2 activation and IL-2R expression percentage
obviously decreased after being induced by tertiary butyl
peroxides. The content of lipoperoxide MDA in the culture
liquid greatly increased, which was similar to the changes in
PBMCs from chronic hepatitis B patients cultured in vitro. It
was further reported that free particles and lipoperoxide receptor
system probably associated with lipoperoxide reaction of
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tertiary butyl peroxide could induce PBMC membranes, and
thus resulting in changes of the normal structure and nature of
PBMC membranes. Besides, some abnormal changes took place
in receptors, enzymes and particle passages associated with
the membranes, cell energy metabolism, signal transmission,
proliferation, differentiation, etc, thereby finally leading to the
organic disorder of PBMCs[20,21].
      Fluidity, one of the basic characteristics of the membranes,
is the basic precondition of cells showing various functions. In
many pathologic cases, excessive free particles and initiating
lipoperoxide could affect membrane fluidity and lead to disorder
of cell immune functions[22-25]. Our results showed that PBMC
membrane fluidity in normal group obviously decreased after
treated with peroxide, and was accompanied by MDA increase
in the culture supernatant. Moreover, PBMC membrane fluidity
decreased and its IL-2-producing activity as well as IL-2R
expression percentage changed unanimously, which was
identical with the result of the cultured PBMCs from patients
with chronic hepatitis. Abnormally strengthened lipoperoxide
reactions could lead to decrease of PBMC membrane fluidity,
which might be one of the causes of immune function disorder
of patients with chronic hepatitis.
     Studies shown that selenium influences immune cell
functions through two ways[13-16,26]. On the one hand, selenium
can affect the mRNA expression of some immune cell surface
receptors, such as IL-2R, iron transporter protein receptor (TfR).
On the other hand, it is associated with the functions of selenium
anti-oxidization. Free particles can directly damage lymphocyte
membranes and destroy their completeness and fluidity, thus
restraining the expressions of their surface markers and immune
functions. Selenium and enzymes in combination with selenium
can inhibit cell membrane peroxidization damage and defend
membrane fluidity as well as functional expression. In our
experiment, the degree of membrane fluidity, IL-2 secretion and
IL-2R expression of PBMCs caused by selenium still remained
high. Meanwhile, the content of MDA in the culture supernatant
was greatly decreased, suggesting that selenium might defend
human PBMC membrane fluidity and its normal functional
expression through lipoperoxidization damage induced by anti-
tertiary butyl peroxide.
       PBMCs and IL-2 system play an essential role in cell immune
system of patients with chronic hepatitis, maintaining PBMC
functions and correcting IL-2 system disorder, which is of great
significance in treatment of chronic hepatitis[1-3]. It has been found
that internal or external selenium can improve PBMC functions
and increase Il-2 secretion and IL-2R expression percentage in
patients with chronic hepatitis. It has been initially proved that
selenium treatment is helpful to correct dysfunction of PBMCs
in patients with chronic hepatitis, which is of great significance
in the complete recovery of hepatic functions of patients.
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