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from 0.56 to 35.79 U/mL between the logarithm of concentration and the diameter of inhibition zone with the 10° spores /mL

of test microorganism constration,the correlation coefficient was 0. 9960. The proposed method has been applied to the determi-

nation of samples containing enramycin. The recoveries was 95. 90 % , relative standard deviation (RSD) was 1. 95%. This

method applies to the detection of enramycin sample.

Key words: enramycin; extraction; potency determination; microbiological assay



2012 39 1 e 61 -
LD;,, 67 mg/kg, LD, 37 mg/ R STAT-1« IkB-«
kg. JIRF-1 JNF-«B's
o s . 2.2 ,
’ ’ ’ 2~3d N ° ’
o ’ . ° Lurd (2004)
o , o 6g Balb/C 60 d,
2.1 s s
Carlton(1979) ) ; , (ALTs)
., 1991 ; , 10 s
1 ,8
, Balcan ,1
o NADH ,NADH
’ ’ C ) N aa—
B RAW 264, 7 s
,RAW 264. 7 DNA ,
(Tsat  ,2011). , HepG2 , ,
78%~82% (Knasmiiller
, BHK- 2004), )
21 ,0. 1 mmol/L HepG2 24 h ,30
N , pmol/L HepG2
. ;0.5 1. 0 mmol/L (ROS) ,MTT R
) o DNA .
2.3
. 60 mg/kg 6 h , ,
, 7d s
. HEK293 o , . .
G2/M  (Chang ,2010), NO , (Qingqing
R / -y NO 2010), ,
,Liu (2010) , ,

MES-13

iNOS

’

(Wen-Hsiung,2008) ,



c 62 - 2012 39 1
80.5 pgs HIL-60 ,
) ) ) o . ESC-B5 HepG2
Singh  (2008) ,10 mg/kg ,ROS , (MMP) )
) C , Bax/Bcl-2 , caspase-3
. N N (Knasmiiller , 2004; Wen-Hsi-
) . ung,2007) , HepG2
, 10 pmol/L o ,
) 2~16
) , 26 % . PAK PAK2 ,JUN, ERK1/2
o , ,egr-1, cfos, cjun
ESC-B5 , (ROS) (Chang ,2011),Ras  Raf-1 .
) HSP27 ,HSP70, JNK  p38MAPK
HSP90, (Huang ,2009) Ras—ERK
’ s 4
DNA (Wen-Hsiung.2007), (TLC) . (HPLC)
2.4 —
. ., TLC ,
DNA , RNA RNA , o
, . , HPLC , , ng/g
RNA , ) N
344 . —
2.5 , ) ,
N 3 . s . Tabata  (2008)
) (HPLC-FL)
o (LC/MS/MS) ,
, N ; , 70%~88%.,
o 0.1 pg/kg, Wu  (2011) HPLC
. . .10 mL 75% 80 C
Bouslimi ~ (2008) 30 min .
DNA , o ,
A . ) ,
3 o
, , JELISA, N
o , 1gG
o 3 , Ag/AgCl
, (Arévalo  ,2011); 0.5~
. Yu R 50 ng/mlL ,
HIL-60 caspase-3,6,7,9,  caspase8 2 min, , .



2012 39 1

e (3 o

(2007) .
4
(A.B.C D),
» Zhao BSA
) IgY o
, ELISA ,
10 ng/mlL., o

1 Arévalo F J,Granero A M, Ferndandez H.et al. Citrinin (CIT)
determination in rice samples using a micro fluidic electrochemical
immunosensor[ J|. Talanta,2011,83(3):966~973.

2 Bouslimi A, Bouaziz C, Ayed-Boussema I, et al. Individual and
combined effects of ochratoxin A and citrinin on viability and
DNA fragmentation in cultured Vero cells and on chromosome
aberrations in mice bone marrow cells[ J]. Toxicology, 2008, 251
(1~3):1~7.

3 Chang C H,Yu F Y,Wu T S,et al. Mycotoxin citrinin induced
cell cycle G2/M arrest and numerical chromosomal aberration as-
sociated with disruption of microtubule formation in human cells
[J]. Toxicol Sci,2011,119(1) :84~92.

4 Chen Y P,Tseng C P,Chien I L.et al. Exploring the distribution
of citrinin biosynthesis related genes among Monascus species
[J]. J Agric Food Chem,2008,56(24) ;11767 ~11772.

5 Duan Z H,Lin Z S,Yao H R,et al. Preparation of artificial anti-
gen and egg yolk-derived immunoglobulin (IgY) of citrinin for
enzyme-linked Immunosorbent assay[ J]. Biomed Environ Sci,
2009,22(3) :237~243.

6 Gordon R Y,Cooperman T, Obermeyer W, et al. Marked varia-
bility of monacolin levels in commercial red yeast rice products:
buyer beware[ J]. Arch Intern Med,2010,170(19) :1722~1727.

7 Huang Y T,Lai C Y,Lou S L, et al. Activation of JNK and
PAK2 is essential for citrinin-induced apoptosis in a human osteo-
blast cell line[J]. Environ Toxicol, 2009,24(4) :343~356.

8 Knasmiiller S,Cavin C,Chakraborty A,et al. Structurally related

mycotoxins ochratoxin A,ochratoxin B,and citrinin differ in their

10

11

12

13

14

16

17

18

genotoxic activities and in their mode of action in human-derived
liver (HepG2) cells: implications for risk assessment[]J]. Nutr
Cancer,2004,50(2) :190~197.

Liu B H,Chi J Y. The fungal metabolite, citrinin, inhibits lipopo-
lysaccharide/interferon-y-induced nitric oxide production in glo-
merular mesangial cells [ J]. Int Immunopharmacol, 2010, 10
(12):1608~1615.

Lura M C, Fuentes M, Cabagna M, et al. Structural and ultra-
structural alterations in BALB/c mice: effects of Penicillium cit-
rinum metabolites[ J ]. Mycopathologia, 2004, 158 (2); 233 ~
238.

Mapari S A, Thrane U, Meyer A S. Fungal polyketide azaphi-
lone pigments as future natural food colorants[ J]. Trends Bio-
technol, 2010,28(6):300~307.

Schmidt-Heydt M, Riifer C,Raupp F,et al. Influence of light on
food relevant fungi with emphasis on ochratoxin producing spe-
cies[J]. Int ] Food Microbiol,2011,145(1) :229~237.

Singh N D, Sharma A K, Dwivedi P, et al. Experimentally in-
duced citrinin and endosulfan toxicity in pregnant Wistar rats:
histopathological alterations in liver and kidneys of fetuses[J]. ]
Appl Toxicol,2008,28(7):901~907.

Tabata S.lida K.Kimura K.et al. Simultaneous determination of
ochratoxin A,B and citrinin in foods by HPLC-FL and LC/MS/
MS[J]. ShoKuhin Eiseigaku Zasshi,2008,49(2):100~105.
Tsai R L,Ho B Y,Pan T M. Red mold rice mitigates oral carci-
nogenesis in 7, 12-dimethyl-1, 2-benz[ a Janthracene-induced oral
carcinogenesis in hamster[ ] ]. Evid Based Complement Alternat
Med, Published online 2011 May 4. Doi:10. 1093/ecam/nep215.
Wen-Hsiung C. Citrinin induces apoptosis via a mitochondria-de-
pendent pathway and inhibition of survival signals in embryonic
stem cells, and causes developmental injury in blastocysts[]].
Biochem J, 2007,404(2):317~326.

Wen-Hsiung C. Effects of citrinin on maturation of mouse oo-
cytes,fertilization, and fetal development in vitro and in vivo[]].
Toxicol Lett,2008,180(1):28~32.

Wu C L,Kuo Y H.,Lee C L,et al. Synchronous high-perform-
ance liquid chromatography with a photodiode array detector and
mass spectrometry for the determination of citrinin, monascin,
ankaflavin,and the lactone and acid forms of monacolin K in red

mold rice[J]. J AOAC Int,2011,94(1):179~190.

The Review of Citrinin Cytotoxicity and its Detection

LU Yin, YUAN Hui
(College of Veterinary Medicine, Hunan Agricultural University,Changsha 410128, China)

Abstract; Ctrinin widespread in moldy feed and food with red fragment from monascus strains,is a kind fungi metabolites

and is harmful to human and animal. This review summarized domestic and foreign reports on Citrinin in recent years. Aim to

provide a basis for citrinin detection, precautions and poisoning diagnosis, toxicity of Citrinin in vitro and in vivo and its detec-

tion methods commonly used were overviewed.
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