%26 65 8 M Ml 1k 2 & i Vol.26 No.8
2010 4E 8 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 1349-1354
= = 3 |—‘;|
EREERE Cs'E N AaRIT AR
B OEr walE
(REHABXFRFABLINANFERRELLERE BE  710021)
FE . R T RBOEE AR S LA Cs & 0 RETIE T M4 Core | 5L & IR I & & A % pH fEXT A

ZLAN AR IR Cotied T2 A S 328 AN ] 2 30 o 8088 ™ A 1 e S P 900 ) 0 0 — 20 ) Cs*E‘J%H&%L@*ﬂMIﬂO%%Em,%*
B 2B N LA BRI Cs A7 — & ML EAE T Cs B B Nat/K-8 19 32 shaz i Jr LRSI Ak 19 CsRE IR A AN, it Y
Cs™ T LUBEAEL Nat/Liv- I 1) I 7] 32 fi 14 5 508 I 76 AL VF HCOS AAAE Y pH BREE T D ik CstBA CI7/CsCOy 38 e i T 205E 3 B8 Al 3
HEHPEANLLAIN ; Ca® i 18 X Cs AT BIEH

92%53151: %@; j\éléfﬁﬂ@;
HESES, 0614.115; Q241

P B2 i

EARIRAD . A XE%HS, 1001-4861(2010)08-1349-06

The Uptake and Membrane Transport of Cesium in Human Erythrocytes

LU Jing® HUANG Jian-Feng
(Key Laboratory of Auxiliary Chemisiry & Technology for Chemical Indusiry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021)

Abstract: The uptake of Cs* by human erythrocytes in vitro was investigated via atomic absorption spectrometry. The
results indicate that the metal ions concentration, incubation temperature, incubation hours and media pH all have a
positive effect on this cellular uptake process. The mechanism of Cs* transport into human erythrocytes was briefly
discussed. There are mainly four pathways involve in the Cs* transmembrane activity as far as we concerned: (1) an
active transport system mediated by the Na”/K*-ATPase; (2) “leak” process through pores in the membrane proteins;
(3)Na*-Cs* countertransport systems; (4)Cl /CsCOs~ exchanger pathway stimulated by bicarbonate through anion
channel (band 3 protein). No inhibition but a little stimulation by Nifedpine in the Cs* uptake demonstrates that the

transport of Cs* through Ca® channel is unavailable.
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0 Introduction

Cesium plays an important role in many biological
and chemical circulations in nature, and related closely
with some food chain of ecological systems both in
water and on land'. Although Cs* occurs in the body at

trace levels only, it was reported that Cs* takes a neces-
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sary part in some physiological processes. For example,
cesium is found to be able to induce the self-assembly
of protein clusters™ and can effect charge translocation
by the Na*/K*-ATPase®. On the other hand, it is well
known that cesium is one of toxic metals, and its
toxicity depends on the accumulation in cells. The
of high doses

administration of cesium under
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experimental conditions in mammals can cause ectopic

ventricular ~ beats,  ventricular  tachyarrhythmias,
ventricular fibrillation, yperkalemia, and profound
systolic and diastolic hypertension 3. It is inferred
that the toxicity of cesium lies in that it can partly
take the site instead of potassium in cell, and results
in the damage of some activity or function in
organism. For example, the accumulation of cesium in
organism may induce falling sickness of cerebral
nerve, because Cs* blocks the K* channel of glia, and
the abnormal accumulation of extracellular K* cause
the epilepsy®®.

There have been some studies carried out to
investigate the interaction between cesium and
biomembranes. Dynamic research of CsCl transpor-
tation in human erythrocytes at 38 °C showed that if
alkali ions in the ion channel of the cell membrane
are separated by their electric-current- induced
inward flows against an electro-osmotic outward flow
of water, the logarithms of the stationary cell/medium
distributions of these ions should be proportional to
the inverse of their diffusion mobilities®. After acute
and chronic administrations, cesium can be widely
found in the body, with differential organ distribution
and apparent concentration in the liver and blood"’.
The trans-erythrocyte membrane behavior of three
organocesium compounds revealed that the saturated
kinetics  characteristic ~ appeared  from  cesium
aspartate, cesium 3,5-dinitrosalicylate and cesium 5-
aminotetrazole "', However, there is still few papers
can be found to deal with the uptake process and
transporting mechanism of free Cs * in plasma
membrane.

In this paper, the cellular uptake of Cs* in human
erythrocytes was mainly investigated under varies
incubation conditions in vitro. As well as five primary
pathways of Cs* across human erythrocytes membranes
were briefly concerned. It is expected to provide
detailed information about the cellular uptake ability
and characteristics for rare alkali metal ions, which
help us to know more about the transmembrane
cesium in  human

mechanism  of erythrocytes.

Furthermore, the overall results may also help to

understand the cesium-induced functional changes in or

ganisms.
1 Experimental

1.1 Materials

Human red blood cells, provided by the Red Cross
Blood Center, Xi’an, China ; ouabain, choline chloride,
and 4, 4-diisothiocyanatostilbene -2, 2-disulfonic acid
disodium salt hydrate (DIDS), obtained from Sigma;
Nifedipine, from Zhejiang anglikang medicine Crop.
China; CsCl(mass fraction =0.999), made from Cs,CO;
in our laboratory, and the purification and
determination has been described elsewhere . Other
reagents are all analytical grade, obtained from
Shanghai Chem. Co. Deionized and doubly distilled
water was used throughout this work.
1.2 Preparation of human erythrocytes

Freshly drawn blood from healthy human donors
was treated by centrifugation(2 500 r+min™, 5 min) at
4 °C. Plasma and buffy coat were aspirated and the red
blood cells were washed three times with a buffer “A”
containing 130 mmol - L.™" NaCl, 10 mmol - L™ glucose,
and 20 mmol L ™" Tris, the pH of this solution is
7.4. Two different

erythrocyte suspensions were prepared with buffer “A”.

controlled at hematocrits  of
The 3% hematocrit suspension was used for hemolysis
examination, while the 50% hematocrit suspension was
for transmembrane determination.
1.3 Hemolysis examination

The 3% erythrocytes suspension was incubated in
different concentrations of CsCl isotonic solution at 37
°C for 1.5 h. After incubation and centrifugation, the
supernatant was pulled out to test the absorbance at
540nm by a 721 spectrophotometer (Shanghai No.3
Analytical Instrument Factory) and expressed as A sy.
Meanwhile, A, represented the absorbance of
supernatant obtained from erythrocytes incubated with
pure buffer “A”(c.=0 mol -L.™"); A, represented the
absorbance of completely hemolysis sample which came
from erythrocytes incubated in doubly distilled water.
1.4 Measurement of Cs* uptake

The erythrocytes suspension was incubated with

different amount of Cs* at 33, 35, 37, 39, 41, 43 C
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respectively for 1.5 h. To keep the solution osmolarity,
of CsCl added

replacement of NaCl. After incubation, the suspensions

different concentration were in

were put into an ice bath to stop the entry of Cs* for
1 min, then centrifuged at 2 500 r-min™ immediately™.
The pellets were washed five times with chilly buffer to
remove extracellular Cs *, followed by diluting with
deionized water at 4 °C overnight. After centrifugation
at 10 000 r+-min™" for 30 mins at 4 °C by Sigma 3K-18
the the

determination of Cs* uptake amount by TAS-986 atomic

centrifuge, supernatant was used for

absorption spectrometry (Beijing Purkinje general
instrument CO., LTD.).

The influence of media pH on the Cs* uptake
amount was investigated from 6.2 to 9.2 with the initial
extracellular Cs * concentration c,=6 mmol L, and
erythrocytes suspension-Cs* mixture incubated at 37 °C.
The influence of incubation hours was examined at time
intervals of 1.5, 2, 3, 5, 8, 12, 16, 18 h, and with c.=
6 mmol - L incubated at 37 °C.

1.5 Inhibition experiment

In order to know the elementary mechanism of Cs*

transport in human erythrocytes, five transmembrane

pathways were considered to be investigated. Ouabain,

DIDS and Nifedipine were added in the sample

+

respectively. For testing Na *-Cs * countertransport
system, Choline chloride was isotonically replaced NaCl
to form a no Na*-exist media. In the experiments where
NaHCO; was required, the solution was kept being
gassed with 5% CO,. The inhibitors were pre-incubated
at 37 °C for 30 min before mixed with erythrocytes-Cs*

suspension.
2 Results and discussion

2.1 Hemolysis

As a determination method of metal toxicity,
Hemolysis is generally examined by the release of
hemoglobin (Hb) form erythrocytes at its characteristic
absorption of 540 nm spectrophotometrically. Table 1
shows that all of the A and A 5 are very little and much
less than A \o,. With the extracellular concentration of
Cs * increased, the Asy which came from different
samples appeared almost unchanged. Cs * isotonic
solution has very weak toxicity which could hardly
induce hemolysis. It suggested that red blood cells can
perform normal state within the Cs* isotonic solution.
Therefore, the intracellular Cs* we detected should be

transported through the membrane by particular ways.

Table 1 Effect of different extracellular concentrations of Cs* on hemolysis indicated

by the supernatant absorbance

¢,/ (mol-L7")

0 1.56x107 3.13x107 6.25x107 1.25x10° 2.5x10°° 5%10° 1x107° 2x107° 4x107 8x107°
Asy 0.018 0.022 0.021 0.021 0.022 0.014 0.014 0.022 0.010 0.013 0.013
e/ (mol L)
1.6x10*  3.2x10"  6.4x10*  1.28x10° 2.56x10° 5.12x107 1x107 0.05 0.1 0.5 1
Asy 0.010 0.017 0.023 0.022 0.022 0.020 0.030 0.032 0.023 0.030 0.040

The data are mean value for three measurements with the standard deviation less than 0.0016. A=0.018, A 00,=0.754

2.2 Effects on Cs* uptake

The effect of incubation temperature on the uptake
of Cs* by human erythrocytes was tested at 2 C
intervals from 33 to 43 °C at each(from 0. 3 mmol - L. to
90 mmol -L.7"), just shown as Fig.1. The Cs* uptake
amount increased linearly with the temperature rising,
and the slope of increasing line became bigger at high
concentrations. It indicates that high temperature can

facilitate the Cs* uptake, and this positive effect

appears more obvious at the higher extracellular Cs*
concentration area.

The plasma pH ranging from 69 to 7.8 is
considered to be the endurable extent for normal
functions. Erythrocytes will be damaged when the
plasma pH out of this extent. Fig.2 shows the depende-
nce of Cs* uptake on media pH at different extracellular
Cs*

linearly with the increase of pH value at lower Cs*

concentrations. The Cs* uptake increased almost
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Fig.1 Effect of incubation temperature on the uptake of

Cs* by human erythrocytes
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Fig.2 Effect of media pH on the uptake of Cs* by
human erythrocytes
concentrations(0.000 3 to 0.03 mol - L"), however, the
dependence became more sensitive when ¢. at 0.06
and 0.09 mol -L". At these two concentration levels,
the Cs *

increase from 6.0 to 7.5 at first, then became much

uptake amount grew smoothly with pH

sharper during 7.5 to 8.5, and kept smooth increase
again from 8.5 to 9.4. The effect at higher pH value
was not examined.

The dependence of Cs* uptake amount on
incubation hours was investigated from 1.5 to 18 h.
Fig.3 shows that the Cs* uptake increased with incub-
ation time and reached a maximum at 8 h. After that,
the intracellular Cs* concentration almost unchanged
and became a constant in the rest hours. No obvious
hemolysis was found and it could be postulated that
erythrocytes membrane were not damaged throughout

the 18 incubation hours. This result is tentatively

ascribed to saturated kinetics characteristic of cellular

Time /h
Fig.3 Effect of incubation hours on the uptake of Cs*
by human erythrocytes

uptake in vitro.
2.3 Primary Pathways of Cs* transport across the
erythrocytes membrane

Ions transport through biomembrane is mainly
mediated by two ways: passive transport and active
transport. For metal ions, it is difficult to transport
across the biomembrane by simple diffusion, because
the lipid bilayers is very hydrophobic. The saturated
kinetics characteristic(Fig.3) for the uptake of Cs* found
in our work also verified that the human erythrocytes
membrane is not permeable for metal ions.

Based on the previous investigation on cesium
uptake by human red blood cells, five possible
mechanisms were investigated which involved in this

Na K * pump, the Na *-Cs *
“leak” pathway, anion Cl 7HCO;~
exchanger system and the Ca®* channel.

2.3.1 Na*-K*pump
The Na*-K*-ATPase is responsible for the energy-

transport process:

countertransport,

dependent membrane transport of Na * and K*. To
characterize the importance of Na*-K*-ATPase on the
membrane transport of cesium in human erythrocytes,
Cs * uptake amount was measured from samples in
absence(control) and presence of 0.1mmol - L' ouabain.
Just as expected, Fig.4. 1 shows that ouabain inhibited
the Cs* influx significantly (a>b), which proves that the
Na *-K *-ATPase pump can transport Cs * across the
erythrocytes membrane. It is assumed that Cs* could
take the binding site of Na*-K*-ATPase throughout the
membrane instead of K* shown as Fig.5. This is why Cs*

can compete with K* in the transmembrane process and



ERR ] JA YR RMRG R CotlE N LLAH I IREAT S 5T 1353
3 ] membrane, and then can go back again to the starting
;é: o point!". We are interested in that whether there is a
29 f#:EL countertransport system for Cs* entering into cells.
g ’73: i; Fig.4. 1 shows that the Cs * uptake in the media
< 6] sl=E containing choline chloride is much higher than the
g Z i \ ; uptake of control sample(c>a). The erythrocytes tend to
3 34 NRE keep the Na * concentration balance between the
f: \ 2 different side of membrane when the choline chloride
0

Specific inhibitor effects

I : Na*-K* pump, Na™-Cs* countertransport and “leak”. a: Cs* up-
take amount measured in absence of ouabain(control); b: Cs* uptake
amount measured in presence of 0.1 mmol - ™" ouabain; ¢: Cs* up-
take amount from sample incubated in choline chloride-substitute
media; d: Cs* uptake amount from sample incubated in choline
chloride-substitute media with 0.1mmol - L™ ouabain; Il : The anion
CI'/HCO;™ exchanger system. e: Cs* uptake amount measured in ab-
sence of NaHCO; (control); f: Cs* uptake amount measured in pres-
ence of 10 mmol - L. NaHCO; and 50 pmol - L™ DIDS; g: Cs* uptake
amount measured in presence of 10 mmol - L.~ NaHCOs; Il : The
Ca’>* channel. h: Cs* uptake amount measured in absence of
Nifedipine; i: Cs * uptake amount measured in presence of 0.1
mmol - L™ Nifedipinee; Samples were incubated with 6 mmol - L™
CsCl and relevant inhibitors respectively at 37 °C for 1.5 h; The da-
ta given are mean value for three measurements, error bars indicate
the standard deviation of three determinations. * and * Statistically

significant by Students t-test at P<0.05 and P<0.10 levels.

Fig.4 Characterization of Cs* transmembrane machanism
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Fig.5 Membrane transport of Cs* by Na"/K*-ATPase

possibly destroy the function of organisms.
2.3.2 Na*-Cs" countertransport and “leak”

The Na *-Li * countertransport system has been
confirmed several years before. The mechanism has
been explained that the countertransport can be

mediated by a “porter”, which can cross the membrane
if it has linked Na* or Li* from each side of the

instead of NaCl in the media. So it is assumed that Cs*
enters into the cell by countertransportor in exchange of
intracellular Na*. This exchange system is passive in
nature and independent of energy supply by ATP. The

transport mechanism is similar to that of Na *-Li *

countertransportand, so we call it Na *Cs *
countertransport system.

When in the media with ouabain in present, there
is no Na* can be transferred possibly, the cellular
uptake decreased a lot but still a little higher than that
of corresponding sample in Na*-exist media(b>d). The
difference is quite small in compare with the massive
effect of active transport way. Erythrocytes after
incubation were viable and no obvious hemolysis was
found. So it is postulated that a little part of Cs* influx is
probably through some pores in the membrane protein
but not the damaged membrane that induced by Cs*.
The newly discovered Cs* uptake is assigned as “leak”
mechanism, which represents passive permeation,
probably through some pores lie in membrane proteins.
2.3.3  The anion CI7/HCO;™ exchanger system

The anion CI7HCO; exchangers (AE) belongs to a
multigenic family that comprises AE1, AE2, and AE3.
The AEs are ubiquitously expressed in vertebrate
tissues "% AE1 is expressed in erythrocytes and
encodes the Band3 protein, a major membrane protein
that has been extensively studied . DIDS could work
as a specific inhibitor of Cl 7HCO; ~ ions transport
system.

Fig4. II shows that NaHCO; can promote the
intracellular Cs* concentration(e<g), whereas DIDS can
inhibit the Cs* uptake for a certain extent(f<g). 5% CO,
was gassed into samples throughout the experiments in
order to keep the existence of HCO;~ and proper pH

value. The results demonstrate that cesium, as other
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alkali metals, may be transported via band 3 protein
pathway in the presence of HCO;~.

The promotion effect of bicarbonate on the
transport of cesium across human red cell was
investigated (Fig.4. Il ). Tt was proposed that the
increased Cs* uptake amount is due to the ability of
carbonate to form ion pairs with cesium. This negatively
charged ion pairs, CsCO;", can be transported through
the membrane by a specific anion exchange system, the
band 3 protein. This possible pathway for Cs* has also
been proved by the results from pH effect examination
(Fig.2). Generally, it is considered that a certain group
of protein band 3 will be converted into proton pattern
when pH<7, this proton pattern make band 3 lose its
activity and difficult for monovalent anion transporting.
When pH>7, protein band 3 take a positive charge and

18 Tt is well known that

is benefit for anion movement
the acidic media cause K * efflux from cytoplast,
whereas, alkaline media have an opposite effect. Fig.2
shows that the effect of media pH on Cs* transport is
similar to that of K*, which proved that cesium could
mimic the functional role of potassium or compete with
it in the metabolic process. This deduction can help us
cesium  in

to  understand the toxicity of

microcirculations in organism.
2.3.4 The Ca* channel

Whether the calcium channel can contribute to the
cellular uptake of Cs*was investigated by examining the
effect of calcium channel blocker Nifedipine on Cs*
membrane transport. It appears that Nifedipine has no
inhibition but even a little stimulation on Cs* influx (h<
i), shown as Fig.4. III. So the Ca** channel is probably
prohibited the transport of Cs*. The uptake of Cs*
increased a bit in the presence of Nifedipine is quite
abnormal. The phenomena may relate to the Na*/Ca**
exchange system or Ca’*-dependent K *-channel. The
additional studies are needed to better understand the

effect.

3 Conclusion

With the help of atomic absorption spectrometry,
the uptake of Cs* by human erythrocyte and their trans-

membrane mechanisms were systematically investigated

in vitro. The effects of extracellular Cs* concentration
(0.3~90 mmol - L™'), incubation temperature(33~43 °C),
incubation time(1.5~18 h), and medium pH(6.2~9.2) on
the cellular uptake were studied. The results show that
every mentioned factor has a positive effect on the
uptake of Cs* by human erythrocyte.

Most of extracellular Cs* were transported into
erythrocytes by Na”/K*-ATPase, however, the transport
of Cs* through Ca* channel is unavailable. The follow-
ing transmembrane pathways for Cs* were also found

by our experiments: (1) Na */Cs *-countertransport

systems; (2) C17/CsCO;™ exchanger pathway stimulated
by bicarbonate through anion channel(band 3 protein);

(3) “leak” process through pores in the membrane.
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