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Fenitrothion is widely used against a variety oZ insect pests leading 
to the exposure of non- target  organisms as well. Miyamoto et a1.(1979) 
reported ienitrothion as highly toxic to rainbow trout (Salmo gairdneri)~ 
blue gill, carp (Cyprinus carpio) and daphnia (Daphnia pulex). Its metabolic 
pathways in fish were round to be more or less similar to other species 
in v ivo (Kanazawa 1975 and Miyamoto e l  al .  1979). The ac t i v i t i es  
of drug metabol iz ing enzymes in aquatic organisms are reported lower 
than m mammals (Matsurnura 1976, Wong et al .  1981 and Suguira et 
al.  1981). Since, data on bioaccumulat ion and b iot ransformat ion o5 
phosphorothioate insect ic ide is lacking in fresh water  1:eleost i t  was 
decided to study fen i t ro th ion metabol ism in T i lap ia mossambica in 
order fo understand the metabol ic  processes involved in the b io t ransfor -  
mation of fen i t ro th ion.  

MATERIALS AND METHODS 

Feni t rothion 97 (technical)  obtained commerc ia l l y  (M/s RalJis India 
Ltd. ,  Secunderabad) was pur i f ied by column chromatography as described 
by Metca l f  (1967). Fresh water  teleosts purchased Jocally were acc l ima-  
t ized to laboratory condit ions for a week before the exper iment .  Pre-  
starved teleosts were divided into seven batches of ten each weighing 
5 - 9 gm and measuring 5-7 cm in length. Six batches were exposed 
fo 200 mg/kg body weight  oZ fen i t ro th ion for  2t~ hours as described 
by Mustafa et al .  (1982). The fishes were provided feed ad l ib i tum.  
The seventh batch served as controJ. A f t e r  24 hours fishes were sacn-  
f iced, l iver ,  kidney and brain were quickly dissected out, washed thoroughJy 
with M/15 phosphate buf fer  (p l i  7.2) to remove blood and homogenised 
separately (1 �9 t~) in M/15 phosphate buf fer .  

Feni t roth ion and its metaboJites were ext rac ted twice in 20 ml oZ 
benzene and ethy l  acetate ( I  �9 10) by decantat ion and pooled ext racts  
were concentrated on rotavapor (Buchi EL I30 Mode J). Nurnber oI 
metabol i tes were determined by analy t ica l  TLC using chloroform as 
mobile phase. To separate fen i t ro th ion and i ts metabol i tes by HPLC 
I0 ul of solvent ex t rac t  was injected in HPLC under the fo l lowing 
condit ions �9 Bondapak CN 30 cm ID Column; solvent system : benzene, 
hexane and ethyJ acetate : �9 25 : 23 �9 2; f low rate �9 1.5 ml/ re in;  Pre-  
ssure : 500 PSI; Dš �9 AVN 313 mm and sensi t iv i ty : IAVFS. 

Solvent ex t rac t  was Ioaded on preparat ive s i l ica gel TLC for separation 
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of metabolites. Af ter  developing plates~ bands were scrapped and 
eluted in benzene. The benzene was removed by rotavapor and the 
purity of each metabolite was confirmed by two dimensional TLC. 
Two dimensional TLC was also used to separate overlapping metabolites. 
A]I the mass spectra~ unless stated otherwise~ were recorded on a 
VG micromass 7070 double mass spectrometer and 70CV using the 
direct in let  system. The base peaks developed on spectrogram gave 
the molecular weight of the compound. 

The laboratory raised culture of 1 - ~ week old flour beetles (Tribolium 
castaneum) on wheat flour and yeast  powder (98 : 2) were used to 
tes t  the toxici ty of fenitrothion and its metabol i tes  ex t rac ted  from 
liver~ brain and kidney. Several batches of ten beetles each were 
made. Three such batches were used to determine the toxici ty o f  
each metaboli te  or parent compound. Pre-determined aliquot of each 
metaboli te  in acetone was poured in the cen t re  of glass petridish a long-  
with I ml of additional acetone in order to give uniform coating by 
rotat ing it to dryness. One batch of beetles was released on the surface 
of each petridish holding deposit of fenitrothion or its metaboli tes.  
The mortal i ty  data was recorded af te r  24 hours. LD~~ values and 

�9 ) u  . . 
standard errors were calculated by the method of probit analysls (Fmney 
1952). 

R E S U L T S  A N D  D I S C U S S I O N  

The observations on metabolism of feni trothion - a  phosphorothioate 
insecticide in liver9 brain and kidney tissues of T. mossambica by using 
TLC technique is shown in Figure I. Figures 2 - 4 indicated the analysis 
of metabolic extract  on HPLC. 

Figure I indicates 67 5 and 3 metabolites in l iver, kidney and brain 
extracts respectiveJy. 

Figure 2, 3 and 4 indicates 67 5 and 3 peaks on chromatograms (HPLC) 
in Jiver, brain and kidney ext rac ts  respect ively.  

Table l shows the number of feni t rothion metabolites extracted from 
liver) kidney and brain9 their R. values and molecular weights. The 

I 
metabol i te Il of molecular welght 26I corresponds to fenitrooxon. 
The other metabolites extracted from l iver were identi f ied as N-acety l  
amino feni trothion (IV) and feni t rothion (VI) of molecuJar weights 
as 288 and 277 respectively. The metabolites extracted from kidney 
were identi f ied as desmethyl-N-acetyl  amino feni t rothion (1) and des- 
methyl-N-acety l  amino fenitrooxon (Il) of molecular weights 29I and 
275 respectively. The metabolites from brain ext ract  were identi f ied 
as 3-methyl-4-ni t ro phenol (1) and desmethyl-N-acetyJ amino fenitrooxon 
(III) of molecular weights 153 and 275 respectively. 

Table 2 shows the relat ive tox ic i ty  of feni t rothion and its metabolites 
to adult f lour beetles when exposed to deposits on glass surface for 
24 hours indicated maximum tox ic i ty  of metabol i te Il of fish l iver 
against f lour beetIes. Metabol i te (Il) was found to be several t imes 
more toxic than fenitrothion (Table 2). The other metaboJites extracted 
from l iver were less toxic than feni trothion. The metaboIite (Il) of 
kidney was found to be more toxic than metabol i te ( I I I ) f o l l owed  by 
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Figure 1 TLC spots of benzene (A) and e thyl  a c e t a t e  
e x t r a c t  (B) using chJoroform solvent  sys tem.  
a : Ieni t rothion,  b & e : l iver,  c & f : brain, 
d & g : kidney 

metaboIites (I, V and IV). Similarly, the metabolite (II) oI brain was 
more toxic to i lour beetles than metabo]ite (I) and metabolite (III). 
The present data on in vivo metabolism of fenitrothion fs indicative 
of oxidative-desu]/uration, 0-demethyJation, cJeavage of p-0-aryJ linkage 
and amino derivatives ol N-acetyl fenitrothion and fenitrooxon as routes 
of metabolic pathway in liver, brain and kidney of T. mossambica. 
Kanazawa (1975) and Miyamoto et al. (1979) reported the same pathway 
in rainbow trout and carp (Cyprinus carpio). Several amino derivatives 
of feni t ro thion were  also demons t ra t ed  by Takimoto  e t  al.  (1976, unpubli- 
shed work) in carp (C___. carpio Linneaus) t issues toge ther  with the ni tro 
containing compounds.  
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Figure 2 

Fenitrothion Liver 

b 
Chromatograms of benzene (a) and ethyJ acetate extracts 
(b) of iš and fish l iver samples using Bondapak CN 
and benzene, hexane, ethy] acetate (25:23:2)-as eluent. 

Figure 3 

a 

Brai n 

~ J 
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Chromatograms of benzene (a) and ethyl acetate extracts 
(b) ol :[ish brain sample. 

Kidney 

Figure 4 

a b 

Chromatogrms of benzene (a) and ethyJ acetate  extracts 
(b) of fish kidney sample. 
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Table 1 Metabol i tes  o~ feni t ro th ion formed in liver, brain and kidney 
of T.. mossambica  

Metabo-  Molecular 
Source Rf value lite weight  

Name of me tabo l i t e  

Liver i 0.93 Ud. 
II 0.34 261 

III 0.23 Ud. 
IV 0.0,7 288 

Feni t rooxon 

N-ace ty l  amino f en i t ro -  
thion 

V 0.94 Ud. 
VI 0.36 277 Feni t rothion 

Brain I 0.92 153 3-methyl -4-ni t rophenol  
II 0.39 Ud. - 

III 0.06 275 Desme thy l -N-ace ty l  
amino feni t rooxon 

Kidney I 0.95 291 Desme thy l -N-ace ty l  
amino fenitrothion 

II 0.#3 275 Desme thy l -N-ace ty l  
amino feni t rooxon 

III 0.0# Ud. 
IV 0.96 Ud. 
V 0.05 Ud. 

Ud. represent Unidentilied metabolites. 

Table 2. Toxicity of fenitrothion and its metabolites to adult 
T. casteneum. 

Insect ic ide/  Metabol i te  LD50 Rela t ive  
Source (mg/cm 2) Toxici ty 

F e n i t r o t h i o n  - 0 . 0 5  - 

L i v e r  I 5 . 0 0  2 0 0 . 0 0  
II 0.008 133333.33 

III 0,01 71428.57 
IV 25.00 QO.O0 
V 0.48 2083.33 

VI I000.00 1.00 
Brain I I000.00 1.00 

Il 600.00 !.66 
III 1000.00 1.00 

Kidney I 1000.00 1.00 
Il 99.00 1.01 

III 600.00 1.66 
IV I000.00 1.00 
V I000.00 1.00 

144 



REFERENCES 

Finney D3 (1952) Probit analysis. 2nd Ed. Cambridge University Press, 
Cambridge, England 

Kanazawa 3 (1975) Uptake and exr of organophosphorus and 
carbamate insecticides by Iresh water fish. Bu J1 Environ Contarn 
Toxicol 14:346-356 

Matsumura F (1976) Toxicology of insecticides. Plenum Press, New 
York and London 

Metcalf RL (1967) Purification of sumithion by column chromatography. 
3 Agric Food Chem 15:236 

Miyamoto 3, Takimoto T, Mihara K (1979) Metabolism of organophos- 
phorus insecticides in aquatic organisms, with special emphasis 
on Ienitrothion. ACS Symposium Series 99. American Chemical 
Society, Washington 

MustaIa M, Anjum F, Qadri SSH (1982) A technique to evaluate acute 
toxicity of insecticides (technical and formulation) to Iresh water 
fish (Tilapia mossambica). Intern Pest Control 24 (3):90-92 

Suguira K, Mase T, Imasaki K, Miki Goto (1981) Accumulation and 
excretion of isopropyl chloro biphenyls in mouse and Iish (Cyprinus 
carpio). Bult Environ Contam Toxicol 26:46-53 

Wong K, Addison RF, Lan FCP (1981) Uptake metabolism and elimi- 
nation of diphenyl ether by trout and stickle back. Bull Environ 
Contam Toxicol 26:243-247 

Received December 10, 1984, accepted February 8, 1985 

145 


