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With the modernization of agricultural operations and 
the rapid growth of industrial activity, there has been 

much increase in the manufacture and utilization of 

insecticides which ultimately find their way into the 

ri vet ~, lakes and ponds C Ri dgway et aL. 19783. 
Parathion, an organophosphorus insecticide, is still 
widely used in M~xico CCNE 19883 and it represents a 
serious water pollution due to its toxic properties 
C~4etelev et ~L. 1983D. 

Par athi on can alter met abol i sm by sti mul ati on or 
inhibition of enzymatic systems C Mar tinez-Tabche and 
Posadas Ig8g; Mourelle et ~[. 19889. Studies on the 
toxicity of this insecticide to fresh water organisms 

have concentrated on fish and have yielded only limited 
i nfor mati on concer ni ng i nver t ebr ates met abol i s m. The 

purpose of the present study was to determine the 
effect of parathion exposure on the metabolism of MoZna 
Fa(xcroco~. This microcrustacean is a natural component 
of fresh water ecosystems in M@xico and it is a main 
source of food for several species of fish. 

MATERIALS AND METHODS 

Motna m~crocop~ were cultured in the laboratory from 
parthenogenetic females and were less than 48-hr at the 
star t of exper i sent. A11 brood stock moi ni ds are 
mantained on a diet of the green algae An~ZsLrodesmus 
/a[catus. They were fed daily at rate of 0.@25 mg dry 
wt/L of synthetic water. The composition of the algal 
medium CTable 19 is according to Kessler ClgSVD. Erlen- 
meyer flasks CSOO-mLD are filled with algal medium. The 
medi um i s boi i ed for i ~-mi n and af" Let cool i ng 
inoculated with A. /aicas from stock cultures. The 
algal cultures are aerated with air purified by leading 
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it through wash bottles with cotton wool and water. 
They are illuminated with fluorescent lamps. The 

algae are settled by centrifugation at 1,500 g and 

resuspended in M. m~xcrocopa medium. 

Table i. Chemical composition of algal medium. 

Substance Con(. C mg/hD Substance Con(. C mg/L9 

a .  NaNO 2 5 0  h .  H BO 1 1 .  @P.. 

b .  C a C 1  .P.H 0 2.5 i .  EDTA 5 0  

c .  N g S O  . T H  0 7 5  KOH 31 
4. 2: 

d. K HPO 75 j. ZnSO -TH 0 8.82 
2 4 4 2: 

e. KH PO 175 MnCl -4H 0 i.44 
2 4 2 2 

f. NaCI 2.5 MoO O. 71 
s 

g. FeSO -TH 0 4.@8 CuSO -SH 0 1.57 
4 2 4 2 

H SO cone. 1.84 CoCNO D -6H 0 0.4@ 
2 4 ~ 2 2 

Mo~na was reared in reconstituted distilled water 

according Peltier and Weber (I@85D at 20 _+ i~ at a 
natural photoper iod. Physi cochemi cal char acteri stics 

of the reconstituted water are as follows: hardness (as 

CaCOs9, 35-45 mg/L~ alkalinity (as CaCOsD, ~.0-30 rag/L; 
pH 7.2-7. @; dissol red oxygen CEXD9, 8. ~-7. S mg/L. 
Parathion CQS. 86~D was obtained from Bayer of Mexico. 

Stock sol uti ons were prepared i n ethanol. Test 
solutions were prepared by pipetting I00 ~L of stock 

solutions into I L of reconstituted water. 

Acute static toxi city test consisted of expos i ng 
groups of 28 moinids to six serial concentrations of 

parathion C0.26-2..08 ~g/L), a dilution water control 

and a solvent carrier control (ethanol 0. I mL/LD. All 

test concentr ati ons and the control s were set i n 

tri pl i (ate. The tests beakers were kept i n an 

environmental chamber set at 20 + l~ and with a 

natural photoperiod. The duration of the acute test 
was 48-hr. T h e  moi ni ds wet e not fed nor wet e 

the solutions aerated during the testing procedures. 
Lack of detectable movement was used as the criterion 
for mortality. The method of Litchfield and Wilcoxon 
( I g4@D was used to cal cul ate LCso and i ts gS~ 

confidence intervals CCID. 

Five 600-mL b~akers were utilized as test chambers to 
evaluate metabolism parameters. At procedure initiation 

400 mL of the test solution and 2~ moinids (5-7 d oldD 
were added to the chamber. MoEn~ was exposed to three 
parathion concentrations: 0.28, O. S2 and 0.78 ~g/L. A 
r ~consti tuted water control and a sol vent carrier 
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control CO. 1 mL/%D were used in each of four replicates 
Cseven for hemoglobinD. Selected water quality 
parameters were monitoring during the test. Test 
duration was 48-hr. Neonates and dead crustaceans were 
removed from beakers at 24-hr intervals. The moinids 
were fed daily and the test solutions were not aerated 
during the procedure. 

Samples were collected by pipetting MoZ~a from each of 
four replicates per concentration. Invertebrates were 
homogenized in 50 mM Tris-HCl buffer, pH V. 4. The 
homogenate was centrifuged at 15,000 g for 3-min. 
A1 i quots of super natant were anal yzed for sol ubl e 
proteins, glucose and hemoglobin CHbg. Proteins were 
determinated by the method of ~ Bradford CIQ7SD, which 
involves the binding of Coomassie Brilliant Blue G-eSO 
to protein. The reaction mixture contained 2.5 mE of 
colored reagent and i00 uL of supernatant. The binding 
causes a shift in the absorption maximum of the dye at 
595 nm. Glucose was evaluated by the method of 
Hyv~rinen and Nikkil~ ClgB2), modified. The procedure 
involves the reaction between o-toluidine and glucose 
in hot acetic acid solution to produce the 
corresponding Schiff base. The supernatant was mixed 
I:i0 with 3% trichloracetic acid. After lO-min, the 
suspension was centrifugated and I mL of the protein- 
free filtrate was added to 2. S mL of Hycel o-toluidine 
reagent. The mixture was placed in a boiling water bath 
for lO-min and cooled for 3-rain. The green colored end 
product has an absorption maximum at @30 nm. Hb was 
deter mi nated by the cyanomethemogl obi n technique 
CCrosby eZ a[. Ig54D. The sample is diluted with a 
reagent containing fer ri cyanide and cyanide, which 
converts both reduced Hb and oxyhemoglobin to 
cyanomethemoglobin form. I00 ~L of supernatant was 
added to 5 mL of cyanomethemoglobin reagent. After 20 
min, absorbance was determinated at S40 rim. The 
absorbances were quantitized in a spectrophotometer 
Varian D~i~ gO. 

All statistical comparisons 
Student's s test Cp<O. OSD. 

were performed using 

RESULTS AND DI ~CU~I ON 

Water quality parameters analyzed at the end of the 
study revealed that pH, hardness, alkalinity and DO 
were within the range of values reported above. 

The acute toxicity of parathion to Mo~n~ mcxcz~ocop~2 was 
estimated by determining the 48-hr LCso value. The 
calculated 48-hr LCso value of parathion was O. g4 ~g/L 
Cg5% CI : O. 74-I. 149. It must be emphasized that LCso 
is based on the initial amount of the insecticide added 
to the reconstituted water. Controls mortality was 
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< IOM in all tests. The no observable effect level was 
0.13 ~g/L Cmortality _< I0 ~ and the CL~oo was > 2.08 
Hg/L. This r esul t shown that the mi c r  oct ustacean 
MoZna ~Cl~OCOp~ is a very sensitive species to 
par athi on. 

The effect of different concentrations of parathion on 
M. m~2rocopa metabolism is shown in Table 2. Analyses 
were performed only on mitrocrustaceans surviving 48-hr 
of exposure. The increase of glucose c'ontent suggests 
that the organophosphorus insecticide interferes with 
some of the vital physiological functions. Reddy and 
Rao C19889 and ~eddy et a[. Clg86D reported that the 
organophosphorus insecticides phosphamidon and 
malathion induce glycogenoly~is in tissues of 
crustaceans and the free glucose molecules cause 
hyperglycemia. They found increases in the glycolytic 
enzymes and lactate level, and decreases in Krebs cycle 
enzymes that indicate depression in cellular 
oxidation, development of anaerobic conditions and 
decreased oxygen consumption at the whole animal level. 
Hypoxi c or anoxi c condi ti ons nor real i y i nor ease 
glycogenolysis and Hb synthesis in different species. 
Particularly in the order cladocera, the rate of Hb 
synthesis augments remarkably when the microcrustaceans 
are exposed to low oxygen concentrations CKobayashi and 
Nezu lgesD. 

Table 2. Effect of parathion on Monna m~crocopa 
metabolism. 

Parathion Protein Glucose Hemoglobin 
C#g/L) CHg/mg wet wt of flea9 

Water control 49.375 2.204 1.376 
• 0.778 • 0.151 • 0.308 

Ethanol control 50.414 2.612 1.375 
• 1.749 • 0.599 • 0.880 

0.26 57.230 4.571 4.428 
• 1.342 • 0.491 • 0.520 

0.52 6 2 . 2 5 0  5.742 6 . 4 2 3  
• 1.433 • 0.173 • 0.620 

0 . 7 8  7 8 . 5 8 5  6 . 3 7 5  t o .  6 g g  
• 3.011 • 0.404 • 0.748 

Each value is mean • S~E. All values are significantly 
different from water control at p<0.025. 

At the present study,. Hb levels are increased even if 
DO determinated throughout the test was within the 
range of air-saturated water. We suggest that the 
probable inhibition of Krebs cycle enzymes might be 
responsible for decreased oxygen consumption. The 
oxygen concentration in hemolymph may be a determinant 
factor to induce th~ H b  synthesis. Simultaneously an 
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increase in soluble protein level was also o b s e r v e d  in 
this study. This effect may be because of induction of 
globin synthesis, but the p r e c i s e  mechanism and 
respective relationship involving highering in glucose 
and hemoglobin level together with rise in protein 
content by parathion in MoZna ~xc~ocop~ needs indepth 
investigation. 

Acknowledgments. The authors thank "Fondo Ricardo 
Zevada" and Consejo N&cional de Ciencia y Tecnologla 
for financial a s s i s t a n c e .  

REFERENCES 

Bradford M Cig783 A rapid and sensitive method for the 
quanti tall on of microgram quantities of protein 
ut i i i zing the pr i nci pl es of dye-bi ndi ng. Anal 
Biochem 72:248-2S4 

CNE C 1988D I nfor me ~ner al de Ecol ogi a. Consej o 
Hacional de Ecologia, M~xico 

Crosby WH, Munn JI, Furth IW Clg54D Standardizing a 
met hod for c i i ni cal hemogl obi homer r y. US Armed 
F o r c e s  Med J 5 : 8 Q 3  

Hyv~rinen A, Nikkil~ EA CIQ52D Specific determination 
of blood glucose with o-toluidine. Clin Chim Acta 7: 
1 4O 

Kessler EW, Arthur N, Brugger JE C1957D The influence 
of manganese and phosphate on delayed i i ght 
emi ssi on, fl uor escens phot or educti on and 
photosynthesis in algae. Arch Biochem Biophys 71 : 
3 2 6 - 3 3 5  

Kob&yashi M, Nezu T ( 1 g88D Vat i ati on of hemogl obi n 
content in Da~kn(~ ma~n~. Physiol Zool 59:35-42 

Litchfield _TT, Wilcoxon F CIQ4gD A simplified method of 
eval uati ng dose-effect experiments. J Phar mac Exp 
Ther g6:@9-103 

~4artlnez-Tabche L, Posadas del Rio AF (19899 Effects of 
subchr oni c par &thi on admi ni sir ati on on sodium 
salicylate excretion kinetics in female rats. J Appl 
Toxicol S: 5-8 

Mour el i e M, Gi r6n E, Amezcua JL, ~ar ti nez -Tabc he L 
C l g869 Ci meti dine enhances and phenobar bi tal 
d e c r e a s e s  parathion toxicity. JAppl Toxi col 8: 
401 -404 

Metel ev VV, Kanaev AJ, [Tzasok hova NG ( I g83D Water 
Toxicity. Oxanian Press. Farid&bad India 

Pel bier WH, Weber CI (I g8SD Methods for measuring the 
acute toxicity of effluents to freshwater and marine 
organisms. EPA/600/4-85-013 USEPA, Cincinnati, Ohio 

Reddy PS, Bhagyalakshmi A, Ram~murthy R Clg88D Chronic 
real athi on toxi city: effect on car bohydr ate 
metabolism of E~fote[ph~ senex s e n e x ,  the indian 
rice field crab. Bull Environ Cont&m Toxicol 37: 
816-82~ 

Reddy MS, Rao KVR C19889 Effects of technical and 

55 



commercial grade phosphamidon on the carbohydrate 

metabol i sm i n sel erred t i ~sue~ of penaei d prawn, 
Me ~ ape_ naezL~ monoce~os C Fabri ci us9. Bull Environ 
Contain Toxicol ~0: 38g-3g~ 

Ridaway RL, Tinney JC, MacGregor TJ, Starlet NJ cIgV89 
Pesticide use in agriculture. Environ Health 
Perspect 27:103-112 

R e c e i v e d  F e b r u a r y  ~0 ,  1 9 9 0 ;  a c c e p t e d  December  20 ,  l ggO.  

56 


