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Progress in Antimicrobial Activity and
Application of Rare Earths

CHEN Ai-Mei' SHI Qing-Shan' OUYANG You-Sheng'~ CHEN Yi-Ben' TAN Shao-Zao®

(1. Guangdong Institute of Microbiology, Guangdong Open Laboratory of Applied Microbiology, Guangzhou, Guangdong 510070,
China)
(2. Department of Chemistry, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract: Rare-earth elements are characterized with their biological effects on some organisms. Besides the
increase production effect in agriculture, rare-earth elements also have antimicrobial effect in clinic. Re-
cently, the antimicrobial effect and mechanism of rare-earth elements are under investigation by some schol-
ars. This paper summarized the antimicrobial activity and application of rare earth compounds and com-
plexes, including Hormesis effect of rare-earth elements to some microorganism, synergistic effect of
rare-earth elements with antibiotic, synthesis of some rare earth complexes, and the application of rare earth
compounds in antibacterial materials. Then the antimicrobial mechanism of rare earth compounds and com-
plexes have been discussed. At last, the application for foreground and essentiality of rare earth compounds
and complexes in antimicrobial field will be expected.

Keywords: Rare-carth elements, Hormesis effect, Antimicrobial activity
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Table 1 The influence of different concentration of rare earth compounds to microorganisms

Concentration(mg/L)
Strains Rare earth compounds Method . . . Lisifens
Stimulative ef- Inhibitory ef- ence
fect fect
50~200 200~700 [6]
Erwinia chrysanthemi La,05
50~200 200~700 [6]
La,0; - 50~700 [3]
Xanthomonasoryzae pv. oryzae
Clavibacter michiganense subsp. La,05 - 50~700 [13]
michiganense
. , , La,0; 30~270 300~450 [7]
Rhizoctonia cerealis
_ _ _ La,0; 30~210 240~450 [7]
Rhizoctonia solani
. . La,0; - 30~450 [7]
Fusarium oxysporum f. sp. Vasinfectum 3-2
o , La,0; - 30~450 [14]
Sclerotinia sclerotiorum
50~250 =250
Sm,(NO 8
Bacillus thuringiensis N0 ( ) ( ) (81
ErCl - 500~2000 9
Halobacterium halobium 5 91
La,(NO); 300 400 [10]
Ce** 300 400 [11]
Escherichia coli Yb(Pro) 50~90 >90 [12]
Y (Pro) 50~90 =90 [12]
Note —: No datum.
, oxysporum f. sp. Vasinfectum, 3-2)")
R (Sclerotinia sclerotiorum)!'
b
, Hormesis ,
’ 1.3 XTHIUESMNHEDERS WAHL IR
. HEM
La, 05 (E. chrysanthemi) (E. coli) )
(R. cerealis) (R. solani) La** ,
(E. coli) , La** La**
: 16
; R R Hormesis [16)
(Xanthomonasoryzae pv. oryzae)', , COOH C=0
(Clavibacter michiganense P=0 P-O ,
subsp. michiganense)[l3], (Fusarium , ,
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(Staphyloccocus aureus)

, 6 MIC
COOH C=0 2000 ’
P:O P'O- N ) i
, Pr(NO;);
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, 3 BmimEY
’ oo 31 BIEAYMTIESHEEY
Ca2+ )
, CaZ+, B b
Ca*" Ca®*
Ca2+ s B
Ca** (
Er(NO);
Catt [Er(TMP)(H,0);]Cl (S.
[17] aureus) ,
(Bacillus sub.  [ETMP) (H:0)5]CI Er(NO),,
[21]
tilis) ,
(E. coli) ,
_ 2
2.6- (DPA-Ca’") Ca?", Ca¥ 32 FHEIESYMERRMEXER
, (AFM), 12 7
(SEM) 0.25%), (E. coli)
(ICP-MS) La** , ;3 (Pr Nd Er)
, , : ( 0.005 mol/L),
Ca®'l'®] S
, ) Schiff
Ca?' , ( 0.1 mol/L) (B. subtilis)
, , (E. coli)
(E. coli) ,
(E. coli) , 371,
2 AL A Y S G R T A 4 .
Yb(Pro)
, Y(Pro), Yb* Y*,
[12]
1996 (191
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Table 2 Some rare earths complexes and antimicrobial activity to E. coli

Inhibitory activity

Test

Rare earth complexes RS Reim eiih Ligand Reim eiih Reference

complexes compounds

(H,NMp)[RE(Me;Dy.)s] La - -

RE=La,Nd,Eu 350 me/ke =17 mm _ _ (22]

Na(REL2)2H20 Ce — —

RE=La,Ce,Nd,Sm,Eu,Gd,Tb,Dy,Ho,Y ©=20.5 mm = =

Re(PiC)(pdCO)'ZHZO'1/2C2H5OH La HzpdCO La(PiC)3'nH20

pdco=2,6-dicarboxilic acid

pyridine-N-ox ide; 0.5 mg/mL [24]

Re(Pic);=rare earth picrate; ©=8.5 mm ©=0 mm ©=0 mm

Re=La,Nd,Sm,Eu,Er,Y

[REL(NO;),]NO; Pr L Pr(NOs);

L=(HPMoaFP),en; 50 mg/L [25]

RE=La,Pr,Nd,Sm,Eu,Tb,Dy,Ho,Er,Yb,Y L.R.=40% LR.=27% LR.=16%

[REL(NO;),]NO; Pr L Pr(NOs);

L=(HPMTHP),en; 50 mg/L [26]

RE=La,Pr,Nd,Sm,Eu,Tb,Dy,Ho,Er,Yb,Y L.R.=42% L.R.=26% L.R.=16%

REL; Ce HL -

L=acetic acid; o

RE=La,Ce,Pr,Nd,Sm,Eu, 0.25% ®=34.8 mm ®=19.3 mm - kil

Gd,Tb,Er,Tm,Yb,Y

LIlL3'IlH20 Tb — -

L=lizarin; 2 pg/mL [28]

Ln=La,Pr,Nd,Sm,Eu, Tb,n=0~2 ©=14.9 mm - -

[REL,(NO3),]NO; Pr L Pr(NO;);

L=Schiff base containing sulphur; 50 mg/L [29]

RE=La,Pr,Nd,Sm,Eu,Tb,Dy,Ho,Er,Yb,Y L.R.=45% L.R.=26% LR.=15%

[REL,NO;]-nH,0 La L La(NO;);

HL=amino-acid Schiff base; 50 me/L [30]

RE=La,Pr.Eu,Y,n=2;Nd,Sm, £ L.R.=42% L.R.=27% L.R.=14%

n=1;Tb,Dy,Er,Yb,n=3

RE(Phe)3PhenC13~3H20 Er Phe Phen LaCl;

Phe=L-Phenylalanine;

Phen= o-Phenanthroline; 005 gl ®=31 mm ®=0 mm =16 mm ®=0 mm el

RE=La,Ce,Pr,Nd,Sm,Eu,Er,Y

La(Hsal),(hq) La Hhq NaHsal LaCl;

hq=CyH¢NO; 0.002 mol/L [32]

Hsal=C,H;COO" ®=21 mm ®=9 mm ®=6 mm ®=0 mm

RE(Phen)z(Sal)ZCI'HZO. La Phen NaSal ReCl;

Phen=_1 ,IQ—Phenarl_tll.rollne; 0.008 mol/L [33]

H,Sal=salicylic acid; ®=17.5mm @®=143mm  ®=0 mm =0 mm

RE=La,Pr,Nd,Sm,Gd,Dy

[Lan(N03)z]N03 La L -

L=C3H2;NO,;

Ln=La,Ce,Pr,Nd,Sm,Eu, Hmoll ®=24.7 mm ®=14.8 mm .

Gd,Tb,Dy,Ho,Er,Tm,Yb,Lu,Y

RE(Asp);PhenC1;-3H,0 La Asp Phen LaCl,

Asp=L-aspartic acid;

Phen=0-Phenanthroline; DTS el ®=24 mm ®=0 mm ®=19 mm ®=0 mm 1331

RE=La,Eu,Tb,Dy,Y;

RE(L)(Phen)CI(H,0) Pr KHL Phen ReCls

L=Schif base condensated

with salicylaldehyde and L-Phenylalanin; QD mmaliat ®=28 mm ®=10 mm ®=15 mm ®=0 mm [36]

Phen=0-Phenanthroline; RE=Pr,Nd,Er

O: ;L.R.: ;=

Note @: The diameter of inhibition zone; L.R.: Lethal rate; — No datum.
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[41]

- GG NaCeL, - 2H,0O
302 pg/mL (S. aureus) 5 %ﬁ
(E. coli) , ,
, (B. subtilis),
151 pg/mL (231, ;
TbL; - nH,O
(S. aureus) , (E. coli) ,
[28]; >
(B. subtilis) , ,
(S. aureus) (E. coli) ,
381, ’ ) , ,
(S. aureus) (E. ,
coli) (B. subtilis) ; , ,
[33]
33 MTFHIESYIRSHEEEAIHIZEHEN ,
[1] : S , 1995.
) , [2] , , ,
; ,2001, 6: 325-331.
) (3] 5 ) ,
, [1631] . , 1997, 25(3):
254-255, 263.

4 ﬁiﬂﬁ%ﬁﬁ%ﬁﬂ‘# Hg&fﬁ [4] Furst A. Hormetic effects in pharmacology: phamaco-

logical inversions as prototyes for hormesis. Health Phys-
, ics, 1987, 52(5): 527-530.
[5] Muroma A. Studies on the bactericidal action of certain
rare earth elements. Annales medicinae experimentalis et
biologiae Fenniae, 1958, 36(1): 1-54.

5 [6] R s .
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PE [8] Zhao Ruming, Liu Yi, Li Wenhua, et al. Effect of Sm>* Ion

on Growth of Bacillus thuringiensis by Microcalorimetry.
Zn0O Biological Trace Element Research, 2003, 95(3):
R (E. coli) (S. 269-278.
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