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H e r b i c i d e s  a r e  used  f o r  c o n t r o l l i n g  weeds i n  p o n d s ,  
reservoirs, and irrigation canais. Paraquat CPO~ cause 
toxic effects on fish Roach fry and Perch fry CMetelev 
et al. ig719, and produce morphologie alterations on 
sal mon ( O~ccocA~)ncAt~s ~Z s s~cA~ I i ver and gi i i s 
CEvans,ig849. One of the most important properties of 
PQ is its rapid and strong adsorption on the soil 
particles, so that it is unavailable in plant rooLs. 
Adsor ption is so complete that the concentration in 
solution in the soil fall below the limit of chemical or 
bi ol ogi cal detecti on. However, si nce PQ i s hi ghl y 
soluble in water, toxic effects on aquatic organisms 
under field conditions may be expected if suffi cient 
quanti ri es of par aquat r each aquati c ecosystem 
CCalderbank, ig74).Biochemical investigations about the 
mechanisms of the PQ effects imply that cyclic reduction 
and oxi dat i on of PQ mol ecul es tak e pi ace, pr oduci ng 
lipid peroxides in membrane �99 19749. 

I n the aquati c cont ami nati on, the i ead (Pb) al so 
produced ecologic unbalance. IL is accumulated in gills 
and i i ver of fi sh C St oepppl er, i gsg) and di mi ni shed 
reduced-glutathion in eritrocites CHernberg, igSO). 

This work reports results of out studies from the 
concurrent exposition to PQ and Pb in fish. 

MATERIALS AND METHODS 

Tilapia Ooe-eocAr'om~s 2%ornor%a~ weighing 4 + O. g g were 
collected from a fish farm in Zacatepec, Mor. CMexico). 
Fish were kept in the aquarium laboratory, fed daily 
wiLh ground nut cake; prior to sacrifice, feeding was 
stopped for one day. Af ter the usual adaption, the 
animals were separated into groups of rive each one for 
LCso determination, or of 30 each one for subiethal 
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toxicity and distributed in groups of 15 animais in i7 L 
aquaria jars. The water characteristics were: pH 7.2 - 
7. S, alkalinity gS-llO ppm, hardness liS-ln ppm at 
~O~ AIl bi oassays were carried out under st atic 
conditions using PbCNO~)z manufactured by /.B. Baker and 
pa �9 chloride by ICI of Mexico. Eolutions ranged 
frein 0.0 te 45 mg/L of PQ and 0.0 te 342 mg/L of Rb 
were used for acute toxicity studies. Fish were 
separated in groups of 0 in ~5 L rectangular glass 
aquaria containing 17 L of the test solution. Th~ee 
repli cates of each gr oup were conducted for each 
concentration and mortality data wero pooled te obtain 
average ( � 8  

Preliminary range-finding tests were done in order te 
establish the mortality range of 0 te I00~, suitable for 
calculating LCso. The Probit analysis was used te this 
purpose. Fish were fed only during acclimation period. 
Mortality was recorded af ter ~6 hr. 

In order te evaluate sublethal toxicity, groups of fish 
were exposed for g6 hr te the following concentration of 
PQ 0. I, i0.5, and Bel mg/L (LCo). 

Other gr oups wer e i ntoxi cated at a ri xed rb 
concentration (47 mg/L, LCo) using these sublethal PQ 
concentrations. Af ter this intoxication period gills 
and liver were isolated te lipid per oxides 
deter mi nati on, eval uated as nMol of mal ondi al dehi de 
( MDA3/mg of protein. Carbonic anhydrase acti ri ty was 
aise measured in gills. Control groups were set a~ide te 
compar i son. 

Liver and gills lipid peroxide levels were estimated by 
the Buege ' s met hod ( I Q789. These or ganes wer e 
homogenized in ice with deionized wateF ClO ~ W/V3. 

From this homogenized a volume of 50 ~L was taken and 
the pli was adjusted te 7.4 with tris HCI. The mixture 
was kept in a water bath at 37 ~ for 30 rein. Then ~ mL 
O. 37 ~ thiobarbi turic acid in trichl or oaceti c acid 
solution was added, and kept in a water bath at g5 ~ 
for 15 rein�87 and af ter it was cold in ice. The colored 
reaction product was absorbans 532. nm recorded. 

Gills carbonic anhydrase activity was estimated with 
Maren's micromethod �99 Gills were removed, kept in 
ice , homogenized i n i ce-cold dei onized water A11 
reagents were kept at under 5 ~ C02 flow was 
carefully stabilized, O. 4 mL of phenol red was added te 
the reaction vessel, followed te O. 3 mL of gills 
homogenized in ice coid deionized water 50 ~~ CWz~) , 
then 0. i mL buffet 0.00~8 M of NaHCOs was added rapidly. 
The time of the COz hydration was measured when the 
indicator turned from red te yellow. The enzyme unit 
was defined as the activity necessary te halve the rime 
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of the uncatalyzed reaction ™ Maren, lg80 ) .  

RESULTS AND DISCU~ION. 

LCso of P b  and PQ were 202 mg/L and 31.5 mg/L 
respectively for the teleost fish OreocArom~s Aornor~. 
No mortality occurred in control animals. The toxicity 
signs of fish treated with PQ was a tendency to swim 
erratically near to the water surface and rb treated 
fish shown a loss equilibrium. 

The PQ elicited lipid peroxides in gills and liver at 
al i used concentr ati ons Table i shows that i i pi d 
peroxidation was increased with PQ concentration. These 
resul ts are i n agreement wi th those round by Hett 
<i~749, who proved the formation of PQ radicals, fatty 
acid synthesi s inhibition and lipid per oxi dati on in 
cellul ar membr anes. 

The groups exposed only to Pb (4T mg/Lg, also produced 
an important lipid peroxidation both on gills and liver 
™ a). Chvapil (ig72D suggested that metals which 
form redox systems may catalyze lipid peroxidation and 
cause membrane damage However, at the 1 owest PQ 
concentration (0. I mg/L) plus P b  (Table ~9, lipid 
per oxi dati on di mi ni shed appr oxi matel y to the contr ol 
values (without both PQ and Pb,table iD, and with higher 
PQ concentrations CI0.5 and 21.0 mg/L9 plus Pb, it was 
increased significantly (Table 29 

The fact that fish exposed simultaneously to Pb ™ 47 
mg/L) and PQ ™ mg/L) resulted in a disminution of 
lipid peroxidation suggests an antagonism between PQ and 
Pb under these conditions. The reason for this result it 
is hot quite clear and, in order to explain this 
finding, further investigation will be necessary. 

Effects of PQ alone on lipid peroxidation was more 
severe in liver that in gills. AL the highest herbicide 
concentration it was 3.6 rimes the control value in 
liver, whereas in gills this increment was only 5 7  
(Table 1D.  The fish exposure at combined Pb plus PQ, at 
highest concentration of herbicide, lipid peroxidation 
was significantly higher (40~D in liver than in gills 
CTable 2.9. This result suggests that liver reduced PQ 
producing free radicals more efficiently than the gills; 
whereas the Pb could be in redox form which may catalyze 
i i pi d per oxi dati on potenti ati ng the membrane damage 
caused by PQ. This is in accordance with Hett Cig749 and 
Chvapil (ig72D. 

Exposure te 21 mg/L of" PQ resulted in a n  increase of 
the gill carbonic anhydrase activity (Table i), but this 
effect was net observed when Pb was present CTable ~3 
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Table 1. Effects of Paraquat on lipid peroxidation and 
Carbonic Anhydrase in liver and gills of the fish 
OreocAro~~s AornoP~~. 

Par aquat Li pi d per oxi dat i on Car boni c 
nmol MDA/mg protein Anhydrase 

mg/L GI LL LI VER GI LL ™ EU) 

+ + 
0.0 0.70~0.04 0.41-0.04 1066550 
0. I 0.79J0. Ii 0.56~0.06 998$73 
1 0 . 5  0 . 8 5 ~ 0 . 1 0  1 . 1 6 ~ 0 . 1 g w  1 1 4 6 ~ 3 5  
21.0 1.10-0.13~ 1.49-0. oe8~ 1279-67~ 

Values are mean + SEM of 18 animals. EU = enzyme unit. 
denote significancy respect to control (P< 0.059. 

Table ˜ Pb and Paraquat effects on lipid peroxidation 
and Carbonic Anhydrase activity in gills and liver of 
fish O~eocAro~~s Aor~o~~~. 

Par aquat Li pi d per oxi dati on Car boni c 
mg/L nmol MDA/mg protei n Anhydrase 

GI LL LI VER GI LL. (EU) 

0 . 0  + Pb 1 . 3 5 •  1 . 3 3 •  oe3 
0 . 1  + Pb 0 . 7 2 •  0 . 4 3 •  
1 0 . 5  + Pb 1 . 1 5 • 1 7 1  0 . 7 6 •  
~ 1 . 0  + Pb 1 . 1 9 •  1 , 6 7 •  

1 0 3 8 •  
1099• 
1 1 1 6 •  
1 0 6 3 •  

Values are mean + SEM of 18 animals. EU=enzyme unit. 
denote significancy respect to control (P< 0.059. 

Further experiments are necessary to examine a possible 
PQ and Pb interaction related to AC activity. 

Finally, the main conclusion of this study is the 
pot enti al val ue of the i i pi d per oxi dati on as ear I y 
indicator of cellular toxicity of herbicide Paraquat. 
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