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Abstract

A series of novel manganese-substituted mixed-valence rare earth borotungsto-heteropoly blues, Ln2H3[BW9
VI W2

VMn(H2O)O39]·12H2O
(Ln(2), Ln = La, Ce, Pr, Nd, Sm, Eu and Gd), as well as their corresponding heteropoly acids (Ln(0)), have been prepared and characterized
by cyclic voltammetry (CV), infrared (IR), ultraviolet (UV), thermal gravimetric (TG) and differential thermal (DTA) analysis, X-ray photo-
electron spectroscopy (XPS) and electrochemistry. It’s shown that the heteropoly blues anion in Ln(2) still retains the�-Keggin structure but
with a slight distortion as heteropoly acids do, and Mn and W atoms distribute statistically in the whole molecular. At the same time, the cell
toxicity and antiviral activity of these rare earth borotungstateheteropoly blues against influenza virus type A and type B in MDCK cells have
been investigated using plaque reduction assay. The results elucidated that these complexes exhibit a significantly inhibitory activity and
almost no cytotoxicity comparable with those obtained from virazole, and the anti-virus activity depend on the structure of these complexes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

In this year, controlling of human influenza virus infec-
tions continues to be a major public health goal. The an-
tiviral drugs now available for prophylaxis influenza, such
as amantadine and rimantadine, are ineffective against in-
fluenza B virus infections (Wilson et al., 1980; Heider et al.,
1981; Mori et al., 1995; Moskovitz, 1988), and their uti-
lization in clinic is further limited by the rapid emergence
of resistant virus mutants (Wray et al., 1985, 1986; Wyde
et al., 1986; Mori et al., 1996). Due to the rapid changes oc-
curring in the antigenic of influenza virus, vaccine efficacy
is also curtailed. Relenza and GS4071 were reported to be
potent inhibitor of influenza A and B viral neuraminidases
(Burger et al., 2000; Colman, 2002; McKimm-Breschkin,
2000; Sidwell et al., 1998), but they were expensive and
their efficiency in the long run is still remain to be seen.

The broad-spectrum antiviral activity of heteropoly com-
plexes has been reported (Busserearu et al., 1988; George
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et al., 1990; Ikeda et al., 1993; Shigeta et al., 1995a,b; Ni
and Boudinot, 1995; Yamase et al., 1996; Ni et al., 1994).
Some of these complexes exhibit excellent inhibitory activ-
ities against many viruses (Bardos et al., 1992; Kim et al.,
1994; Jeffrey et al., 1998; Liu et al., 2000), and some oth-
ers have even shown RNA and DNA virus-inhibitory ac-
tivity (Shigeta et al., 1995a; Tomita et al., 1989; Fukuma
et al., 1991; Inouye et al., 1991, 1993; Hill et al., 1990). Het-
eropoly complexes with Keggin-type structures have also
been reported as inhibitors of arenaviruses (Yamamoto et
al., 1992), human immunodeficiency virus HIV-1, HIV-2
(Bardos et al., 1992; Pauwele et al., 1988; Yamamoto et al.,
1992; Inouye et al., 1990, 1992; Take et al., 1991; Weeks
et al., 1992) and other retroviruses (Yamamoto et al., 1992),
HCMV (Ikeda et al., 1993), herpes simplex virus (HSV
types 1 and 2;Fukuma et al., 1991), thymidine kinase de-
ficient herpes simplex virus (Ikeda et al., 1993), influenza
viruses (Barnard et al., 1997; Huffman et al., 1997; Liu
et al., 2001;Mori et al., 1996; Shigeta et al., 1995b), measles
virus (Shigeta et al., 1995b), parainfluenza virus (Shigeta
et al., 1995b), rhabdovirus (Yamamoto et al., 1992), RSV
(Ikeda et al., 1993) and togaviruses (Yamamoto et al., 1992).
More recently, Ikeda et al. reported the antiviral activity of
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PM-19 (K7[PTi2W10O40]·6H2O) in ddY mice, and the re-
sults indicated that the complex can prevent the death of
mice infected with HSV-1 and HSV-2 effectively (Ikeda et
al., 1993; Dan et al., 2002). However, heteropolymetalates,
which are unstable at the physiological pH value, only ex-
hibit short-lived effects. One method to resolve the problem
is to reduce heteropolymetalates to heteropoly blues (Liu
et al., 1998a,b, 2000). Heteropoly blues, usually containing
W (VI) and W (V), Mo (VI) and Mo (V), and V (V) and
V (IV) ( Casañ-pastor and Baker, 1992), exhibit significantly
improved heat stability and acid–base stability compared
with their prototype heteropoly acids. So far, little work has
been focused on the anti-virus activity of these complexes.

In this paper, a series of novel heteropoly blues,
Ln2H3[BW9

VI W2
VMn(H2O)O39]·12H2O (Ln(2), Ln= La,

Ce, Pr, Nd, Sm, Eu and Gd), have been synthesized and
characterized, and their anti-virus activity against influenza
virus in MDCK cells has been investigated. The results
shown that these complexes exhibit anti-virus activities
against influenza A and B comparable with that of virazole,
and almost no cytotoxicity. Furthermore, the results also
indicated that the anti-virus activities are in relation to the
structure of these complex’ anti-ion.

2. Materials and methods

2.1. Synthesis of Ln2H[BW11Mn(H2O)O39] ·12H2O

K9HBW11O39·13H2O was synthesized according to the
literature (Zhang et al., 1995).

K9HBW11O39·13H2O(19 g, 5 mmol) was added slowly to
H2O (80 ml) at 80◦C. The pH value of the solution was
adjusted to 6.3 with HOAc–NaOAc–dioxane buffer, and
then Mn(NO3)2·6H2O (1.72 g, 6 mmol) in H2O (20 ml) was
added slowly. The temperature was kept at 80◦C during
the course. After 30 min, the pH value of the mixture was
readjusted to 5.4, and rare earth carbonate (4 mmol) in H2O
(10 ml) was added drop-wise under stirring. The mixture was
then stirred at 80◦C for 1 h, and the pH value was readjusted
to 6.3. After filtering and cooling, the mixture was kept stir-
ring for 2 h, and then kept at room temperature for several
days. The crude products Ln2H[BW11Mn(H2O)O39]·12H2O
abbreviated to Ln(0) (Ln= La, Ce, Pr, Nd, Sm and Gd)
were obtained and re-crystallized in water.

2.2. Synthesis of Ln2H3[BWVI
9WV

2Mn(H2O)O39] ·12H2O

Ln2H[BW11Mn(H2O)O39]·12H2O (1.0 g) was dissolved
in HOAc–NaOAc–dioxane buffer (50 ml, 0.1 mol dm−3,
pH = 5.4) and electrolytically under N2 atmosphere at a
controlled potential (ca.−0.545 V). The reduction process
was monitored by polarography and UV spectra and the
extent of reduction was checked by a copper coulometer.
Then the reduced solution was transferred to a vacuum drier
with silica gel and nitrogen atmosphere. After 7 days, the

dark blue crystal Ln2H3[BWVI
9WV

2Mn(H2O)O39]·12H2O
(Ln = La, Ce, Pr, Nd, Sm and Gd) abbreviated to Ln(2) were
obtained and re-crystallized in water. Yields: 58.6–65.2%.

2.3. Cells and culture media

Madin–Darby canine kidney (MDCK) cells were ob-
tained from the Chinese Academy of Military Medical
Sciences (Peking, China). Typing culture collection, the
MDCK cells were grown in Eagle’s minimum essential
medium (MEM) containing 5% fetal bovine serum (FBS,
From Gibco). When used with influenza viruses, the MEM
was supplemented with 10 U ml−1 of trypsin (Sigma),
1�g ml−1 of EDTA, 0.18% NaHCO3 and 50�g ml−1 of
gentamicin. Ninety six-well flat-bottomed microplates were
used in vitro antiviral experiments and virus titrations.

2.4. Viruses and subculture

Influenza viruses (A/H1N1/Jingfang/1/91, A/H3N2/Jing-
fang/30/95 and B/Hufang/1/87) were obtained from the Chi-
nese Academy of Medical Sciences (Peking, China). The
virus was propagated for 3 days at 35◦C in chorio-allantoic
cavities of 10-day-old embryonated hen eggs. The infected
allantoic fluids were clarified by centrifugation at 1000× g

for 20 min and stored in small portions at−80◦C as the virus
stock solution. The MDCK cells were cultured as monolay-
ers in MEM supplemented with 8% fetal bovine serum.

2.5. In vitro antiviral assays

The in vitro antiviral activity of each complex was eval-
uated by the inhibition of visually discerned viral cyto-
pathic effect (CPE) as literature (Huffman et al., 1997). The
virus-induced cytopathogenic effect CPE was scored after
72 h under an inverted microscope (score 0= 0% CPE,
score 1= 0–25% CPE, score 2= 25–50% CPE, score
3 = 50–75% CPE and score 4= 75–100% CPE). Confluent
monolayers of MDCK cells in 96-well plates were rinsed
once with MEM devoid of serum, the 100 TCID50 (TCID50:
50% tissue culture infective dose) virus was added to blotted
plates followed by equal volumes of complexes at varying
half-log 2× concentrations in MEM. The wells devoid of
drug were completely destroyed by virus after 3 days incu-
bation at 37◦C.

Plates were read visually and then treated with stain. Cyto-
toxicity determinations were conducted by seeding MDCK
cells into microplates at 4× 103 cells per well. After an
overnight incubation, complex in MEM containing 5% FBS
was added. Cells were allowed to grow for an additional 3
days. Plates were read visually for toxicity and then treated
with stain.

A 50% virus-inhibitory (effective) concentration (EC50)
was determined. The concentration required to cause a mi-
croscopically detectable alteration of normal cell morphol-
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ogy was estimated as the minimum cytotoxic concentration
(MCC), which was expressed as the 50% cell-inhibitory con-
centration (CC50). The inhibition of MDCK cells growth
was determined by the MTT method as described previously
(Ferrari et al., 1990). Selectivity Indexes (SI) were deter-
mined as CC50 (resting cells)/EC50. In general, the EC50
values using neutral red were two to five times higher than
using visually discerned CPE, and the viral inhibition was
determined at this dosage level.

2.6. Plaque reduction assay

Confluent monolayers in 5 cm dishes were inoculated with
100 PFU/0.5 ml of virus and washed twice with PBS after ad-
sorption for 30 min, and then overlaid with drug-containing
agarose. The monolayers were stained with 0.01% neutral
red after 48 h at 37◦C and the plaques counted. The concen-
tration reducing plaque number by 50% (EC50) was evalu-
ated (Serkedjeva and Hay, 1998).

3. Results

3.1. Redox properties

Complexes Ln(2) were prepared by electrolytically reduc-
ing the corresponding Ln(0) under controlled potential (ca.
4.5 V). The redox properties of Ln(0) and Ln(2) were in-
vestigated by cyclic voltammetric and polarographic meth-
ods. The CV diagram of Pr(2) was shown inFig. 1. The
half-wave potentials and CV data of Ln(0) and Ln(2) were
listed inTable 1.

The CV diagram of Ln(0) exhibits two reversible redox
peaks (Fig. 1), assigned to the reduction of two tungsten
(VI) to (V). The number of electrons involved in the reduc-
tion process was calculated as two from the slopes of the
straight lines obtained by logarithmic analysis in each of

Fig. 1. Cyclic voltammograms of Pr(2) in the 0.5 M HOAc–NaOAc–
dioxane buffer, pH 6.3, scan rate, 200 mV s−1.

Table 1
Polarography and cyclic voltammetry data of heteropoly complexes

Complex E1/2 (V) Epa (V) Epc (V) �Ep (mV)

La(0) −0.438 −0.652 −0.432 −0.498 66 (66)
−0.640 −0.706

La(2) −0.426 −0.641 −0.426 −0.492 66 (67)
−0.648 −0.715

Ce(0) −0.436 −0.654 −0.431 −0.498 67 (66)
−0.642 −0.708

Ce(2) −0.425 −0.639 −0.424 −0.490 66 (66)
−0.650 −0.716

Pr(0) −0.439 −0.656 −0.430 −0.495 65 (66)
−0.642 −0.708

Pr(2) −0.425 −0.639 −0.424 −0.490 66 (67)
−0.649 −0.716

Nd(0) −0.432 −0.652 −0.430 −0.496 66 (66)
−0.642 −0.708

Nd(2) −0.420 −0.631 −0.425 −0.492 67 (67)
−0.646 −0.71

Sm(0) −0.441 −0.660 −0.431 −0.498 67 (66)
−0.642 −0.708

Sm(2) −0.429 −0.642 −0.427 −0.493 66 (67)
−0.647 −0.714

Gd(0) −0.442 −0.662 −0.430 −0.497 67 (66)
−0.639 −0.706

Gd(2) −0.428 −0.644 −0.426 −0.492 66 (67)
−0.648 −0.715

the two polarographic waves, indicating that each of the ti-
tle complexes undergoes a two-step, two-electron reduction
process. The half-wave potential of Ln(2) changed little with
different rare earth ions (Table 1), indicating the rare earth
ions do not take part in the redox process. In addition to the
polarography of Ln(2) in the HOAc–NaOAc–dioxane buffer
(pH = 6.3) exhibit two reduction waves with similar shape
and height, indicating Ln(2) keep the Keggin structure as its
prototype compound do.

3.2. IR spectra

The IR spectra of Ln(2) exhibit four characterized asym-
metric stretching vibrations for heteropolyanions at 985,
943, 895 and 822 cm−1, assigned to W= Od (Od, termi-
nal oxygen), W–Ob–W (Ob, bridging oxygen), W–Oc–W
(Oc, bridging oxygen atom) and B–Oa (Oa, central oxygen
atom), respectively. The equivalent bands were observed for
Ln(0) at 981, 938, 891 and 824 cm−1, respectively. These
data indicated that Ln(2) retain the Keggin structure of their
prototype complexes but with slight distortion.

3.3. UV-Vis spectra

In the UV range, the electronic spectra of heteropoly acids
Ln(0) exhibit two absorption at about 203 and 248 nm, which
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Table 2
The inner electron binding energy data of the complexes

Complex Ln (3d5/2) Mn (2p3/2) W (4f7/2) B (2p1/2) O (1s)

Ce(0) 886.5 641.7 36.1 192.8 532.9
Ce(2) 886.0 641.2 35.6 192.4 532.3
Pr(0) 933.1 641.6 36.1 192.6 532.2
Pr(2) 932.8 641.0 35.5 192.2 532.1

attributed to the transition of Od= W and Ob(Oc)–W, re-
spectively. For heteropoly blues Ln(2) at the same condi-
tions, the absorption ascribed to Od= W and Ob(Oc)–W
was weakened, and shift to 193 (�λ = 10 nm) and 239 nm
(�λ = 10 nm), respectively.

In the visible range, the electronic spectra of Ln(0) het-
eropolyanions exhibit an intense absorption at about 472 nm,
ascribed to the d–d transition of Mn2+. However, the spectra
of heteropoly blues Ln(2) exhibit two intense absorption at
about 720 and 472 nm, ascribed to the characterized B band.
The absorption at 472 nm can be regarded as IVCT transition
attributed to the charge-transfer between W(V) and W(VI)
with Ob as bridging oxygen, according to the position and
intensity (Casañ-pastor and Baker, 1992). The absorption at
472 nm indicates that Mn2+ is still present in the heteropoly
blue and not affected by reduction.

3.4. Thermal gravimetric and differential thermal analysis

The decomposition temperatures for La(0) and La(2) are
345 and 378◦C, respectively. These data indicated that the
heat stability of La(2) is higher than that of La(0) due to
the increase of negative charge on the surface of anions.
The TG curves of the heteropoly blues were composed of
three lose weight steps. The DTA curves of heteropoly blues
were composed of three endothermal peaks (corresponding
to the loss of crystallization water, combined water and co-
ordinated water) and one exothermal peak (corresponding
to the loss of structure water and the decomposition of the
complexes). The title complexes all show an endothermal
process followed by an exothermal process, ascribed to the
participation of water in coordination, marking the forma-
tion of 1:11 series complexes.

3.5. XPS spectra

The XPS spectra of La(0) and La(2) were measured and
the inner electron binding energies were listed inTable 2,
and the enlarged figure of W4f5/2 and W4f7/2 of Pr(2) were
shown inFig. 2.

The inner electron binding energy of W, Ln, O, B and Mn
decreased in Ln(2) compared with the corresponding Ln(0)
ascribed to the increase of charge density over the anions
of Ln(2). These data also indicated that the extra electrons
are, to a certain extent, delocalized in the whole molecule.
The presence of Ln3+ and Mn2+ indicates that they are not
affected during the reduction process. Compared with Ln(0),

Fig. 2. XPS spectra of Pr(2).

the peak shape of the Ln(2) was broader and deformed. This
may be attributed to the additive result of the splitting peaks
for both WVI and WV upon the reduction process. When
deconvoluted (Fig. 2), the area ratio of these peaks was 9:2,
demonstrating that the reduced Ln(2) have two WV atoms
as expected.

3.6. The anti-influenza virus efficacy and cytotoxicity of
heteropolymetalates by CPE

MDCK is sensitive to influenza virus (Margarita et al.,
1997). In the absence of heteropolymetalates, small patho-
logical change was observed for MDCK cells in microscope
after 8 h infected by influenza virus A/N1H1/Jingfang/1/91,
A/H3N2/Jingfang/30/95 or B/Hufang/1/87. The patholog-
ical changes reached to 80% 18 h later and 100% 72 h
later. The pathological changes of MDCK in presence of
heteropolymetalates were apparently at large dosage (P <

0.05), whereas almost the same at small dosage (P > 0.05).
The experiment in vitro (at least once) showed that there
were no cytotoxicity observed for Pr(2) in either resting or
rapidly dividing cells at dosages as high as 256.8�M.

The results of anti-influenza virus efficacy in MDCK
cells by CPE methods were listed inTable 3. These re-
sults indicated that the controls Mn(NO3)2·6H2O had
no antiviral activity but obvious cytotoxicity, while
K6H3[BW11MnH2O]O39]·13H2O had a little antiviral ac-
tivity. All heteropolymetalates except Sm(0), Sm(2), Gd(0)
and Gd(2) exhibit perfect antiviral activity against influenza
A(A/N1H1/Jingfang/1/91, A/H3N2/Jingfang/30/95) com-
pared to the control of Mn(NO3)2·6H2O and K6H3[BW11
Mn(H2O)O39]·13H2O. Meanwhile, all heteropolymetalates
except Gd(0) and Gd(2) exhibit perfect antiviral activity
against influenza B(B/Hufang/1/87) compared with the
controls. Furthermore, Ce2H3[BW11Mn(H2O)O39]·12H2O
showed the highest antiviral activity against influenza A (the
EC50 was 1.8, 3.1 and 2.5�M for A/N1H1/Jingfang/1/91,
A/H3N2/Jingfang/30/95 and B/Hufang/1/87, respectively)
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Table 3
The anti-influenza virus activity of complexes in MDCK cells

Complex CC50 (�M)a Virus

A/N1H1/Jingfang/1/91 A/H3N2/Jingfang/30/95 B/Hufang/1/87

EC50 (�M)b,c SId EC50 (�M) SId EC50 (�M) SId

La(0) 210.8 7.8 27.0 7.8 27.0 8.7 24.2
La(2) 243.2 5.6 43.4 6.8 35.7 7.7 31.5
Ce(0) 192.1 3.7 51.9 4.6 41.7 5.6 34.3
Ce(2) 241.5 1.8 134 3.1 78.1 2.5 96.8
Pr(0) 226.1 3.4 66.5 4.0 56.5 4.0 56.5
Pr(2) 256.8 2.5 102.8 3.7 69.4 2.2 116.8
Nd(0) 210.1 5.6 37.5 5.6 37.5 8.6 24.4
Nd(2) 242.4 4.9 49.4 4.9 49.4 7.7 31.4
Sm(0) 206.3 –e – – – 9.8 21.0
Sm(2) 238.5 – – – – 9.2 25.9
Eu(0) 206.1 4.9 42.0 5.2 39.6 5.5 37.4
Eu(2) 239.5 4.3 55.3 4.6 51.7 4.6 51.7
Gd(0) 233.0 – – – – – –
Gd(2) 202.2 – – – – – –
Mn(NO3)2·6H2O 836.1 – – – – – –
K6H3[BW11Mn (H2O)O39]·13H2O 174.9 70.8 2.67 64.0 2.95 67.4 2.8
Virazole 5755.6 53.2 108.2 53.2 108.2 69.6 82.6

a 50% cell toxicity concentration determined by MTT assay.
b Mean of CPE inhibition and NR uptake data.
c Concentration reducing by 50% the optical density values (or the virus-induced CPE in PC-treated virus-infected cells in relation to virus control).

The value of EC50 is the mean of three experiments.
d Selectivity Index (CC50/EC50).
e Lower than 50% inhibitory cytopathic induced by virus.

Table 4
Anti-influenza virus activity of complexes in MDCK cells by PFU methoda

Complex Virus

A/N1H1/Jingfang/1/91 A/H3N2/Jingfang/30/95 B/Hufang/1/87

EC50 (�M)b Sic EC50 (�M) SI EC50 (�M) SI

La(0) 8.7 24.2 9.0 23.4 8.1 26.0
La(2) 7.1 34.2 7.4 32.8 6.8 35.7
Ce(0) 3.1 61.9 3.7 51.9 2.5 76.8
Ce(2) 2.5 96.8 3.7 65.4 2.2 110.0
Pr(0) 3.7 61.1 4.0 56.5 3.7 61.1
Pr(2) 2.5 102.8 3.7 69.4 2.2 116.8
Nd(0) 6.2 33.9 5.6 37.5 7.7 27.3
Nd(2) 4.9 49.4 4.9 49.4 6.5 37.3
Sm(0) –d – – – 9.2 22.4
Sm(2) – – – – 9.2 25.9
Eu(0) – – 5.2 39.6 5.5 37.4
Eu(2) 4.3 55.3 4.6 51.7 4.6 51.7
Gd(0) – – – – – –
Gd(2) – – – – – –
Mn(NO3)2·6H2O – – – – – –
K6H3[BW11Mn(H2O)O39]·13H2O 64.0 2.7 60.9 2.9 62.5 2.8
Virazole 49.2 117.0 53.2 108.2 65.5 87.9

a The experiments were done in duplicate as described inSection 3.7. The results are presented as a percentage of virus control and are the mean
values form three independent experiments minute plaques were observed.

b 50% virus-inhibitory (effective) concentration.
c Selectivity Index (CC50/EC50).
d Lower than 50% inhibitory cytopathic induced by virus.
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and Pr2H3[BW11Mn(H2O)O39]·12H2O showed the high-
est antiviral activity against influenza viruses B (EC50 =
2.2�M).

3.7. Anti-influenza virus efficacy of complexes by PFU
methods

The anti-influenza virus activities of these heteropoly-
metalates in MDCK cells have also been studied by
PFU method (Table 4). A complex was considered as in-
hibiting virus if plaques do not or seldom occur in the
groups with the complex added in, while the plaques oc-
cur in the control groups. The EC50 for Ce(2) against
influenza A/N1H1/Jingfang/1/91, A/H3N2/Jingfang/30/95
and B/Hufang/1/87 was 2.5, 3.7 and 2.2�M, respectively.
The EC50 for Pr(2) against influenza A/N1H1/Jingfang/1/91,
A/H3N2/Jingfang/30/95 and B/Hufang/1/87 at the same
condition was 2.5, 3.7 and 2.2�M, respectively. These data
are in agreement with that of CPE, implying Pr(2) and Ce(2)
exhibit the highest inhibitory activity against influenza A
and B.

4. Discussion

In this paper, a series of novel heteropoly blues,
Ln2H3[BW9

VI W2
VMn(H2O)O39]·12H2O (Ln = La, Ce,

Pr, Nd, Sm, Eu and Gd), as well as their prototype het-
eropoly acids, have been prepared and characterized by
elemental analysis, IR, UV, CV, TG-DTA, XPS and electro-
chemistry. The results shown that heteropoly blues (Ln(2))
keep�-Keggin structure but with a subtle distortion com-
pared with their corresponding heteropoly acid (Ln(0)) do.
The study by TG-DTA also indicated that the heat stability
of Ln(2) is higher than the corresponding Ln(0).

The antiviral activity of Ln(2), as well as the correspond-
ing Ln(0), against influenza A and B virus have been inves-
tigated by CPE and plaque reduction assay. Although all of
these complexes exhibit a similar inhibitory activity against
influenza virus, the sensitivity varied appreciably. The re-
sults also show that Ce(2) exhibit the highest inhibit activ-
ity against influenza virus A and Pr(2) exhibit the highest
inhibit activity against influenza virus B. On the contrary,
the heteropolyoxometalates containing Eu showed almost no
antiviral activity against both influenza virus A and B. This
may explained with that heteropoly blues containing Ce(2)
or Pr(2) have a suitable molecular size to interfere and de-
stroy the virus or virus’ chemical components. Furthermore,
from Tables 3 and 4, it’s shown that the antiviral activity of
these heteropolyoxometalates were determined by their an-
ionic structures (Ikeda et al., 1994; Ni et al., 1994, 1996),
the peripheral rare earth ions (Inouye et al., 1992, 1993), the
substituted metal ions and the number of the anionic nega-
tive charges (Ikeda et al., 1993; Mori et al., 1995).

The antiviral activity of Ln(2) was superior to that of their
parent heteropoly acids, and the cytotoxicity was inferior

(Table 3). This may be attributed to the lower heat stability
of Ln(0) compared to Ln(2), resulting in a relatively large
concentrations of rare earth ions Ln3+ and WO4

2− released
by the decomposing of Ln(0) within a short period, and the
concentrations of rare earth ion Ln3+ and WO4

2− is high
enough to exhibit high cytotoxicity (Teruaki et al., 1990). On
the contrary, heteropoly blues decompose more slowly and
the concentrations of metal ions dissociated are moderate
due to their higher heat stability.
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