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The discharge of pollutants by several industries represents a serious
water pollution problem due to the toxic properties of these contaminants
and their adverse effects on the biota (Pflugmacher et al. 2000). The
Ameca River, located in the Pacific slope of western México of the Ameca
basin is characterized by the presence of springs and a reservoir (De La
Vega Reservoir). Behind the reservoir is a sugar industry that discharges
its wastewater directly to the main tributary of De la Vega Reservoir.
Among the pollutants of the sugar industry are pressed pulp, lignin and
phenol, molasses, vinasses, sulfur, organochlorines, organophosphates,
herbicides and fungicides that may produce multiple damages in fish. The
Ameca river is considered a center of fish endemism but has undergone
severe loss of fish biodiversity in last decade (Lépez-Lépez and Paulo-
Maya 2001), the changes in fish fauna has been related to the pollution
and water extraction in the basin.

Very little is known about the health of the fish populations inhabiting
Mexican water bodies despite the significant contamination of water,
sediments and biota by organophosphate and organochlorine insecticides
in them (Albert 1996, De la Vega Salazar et al. 1997). Since, toxic
pollutants often affect the activity of enzymes at least to some degree,
changes in enzyme levels such as alkaline phosphatase, gamma-glutamyl
transpeptidase and acetylcholinesterase are logical candidates to use as
biomarkers (Mayer et al. 1992). Also, lipid peroxidation appears to have
considerable potential as a biomarker (Mayer et al. 1992). In Mexico there
is no information about the biochemical responses of native fish to the
exposure to a mixture of xenobiotics in aquatic ecosystems, in order to
establish their degree of tolerance for conservancy policies. In the present
study we have investigated the biomarker data of three fish species
inhabiting at a spring in the head waters of Ameca basin, aimed at
comparing biomarker responses of fish exposed to effluents of a sugar
industry.
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MATERIALS AND METHODS

Live fish of the three local species of the Ameca basin Ameca splendens
(Butterfly Goodeid), Goodea atripinnis  (Blackfin Goodea) and
Xiphophorus helleri (Swordtail) were collected from a spring located 0.5
km north of de la Vega Reservoir (20° 41'25°N, 103° 50'28”0) and used as
bioindicator organisms. These species were chosen because of the first
of them is an endemic and endangered species of the basin (NOM-059-
ECOL-2000), the second species is a widespride native fish of the Central
Plateau (Soto-Galera et al. 1998) and the last one is an introduced
aquarium fish. Gamma-glutamyl transpeptidase (GGTP), alkaline
phosphatase (ALP) and acetylcholinesterase activities (AchE) and the
level of lipoperoxidation (LP) were the biomarkers used.

Prior to exposure fish were preadapted for three days in dechlorinated
water with the following characteristics: hardness 150 mgl”, alkalinity 31
mgl”?, dissolved oxygen 12 mgl’ and pH= 8.2. Six adult healthy
specimens of both sexes of fish species, were taken directly from
dechlorinated water tanks and placed in three reservoir water aquaria
containing 15 liters of water. The water was collected at De La Vega
Reservoir that contains a mixture of pollutants of sugar industry and
lixiviates of the adjacent agriculture areas. Characteristics of the reservoir
water were as follows: temperature 22.0 °C; pH 8.0; conductivity 0.6 us
cm™ dissolved oxygen 10 mg L™'; nitrate 0.50 mg L™, nitrite 0.2 mg L™,
ammonium 1.0 mg L™ and phosphate 1.5 mg L and water concentration
of contaminants are; malathion 4.25 £ 0.17 ug L™, methyl parathion 2.76 +
0.30 pg™ and chloropyriphox 6.83 + 0.78 ug L™. Also, six fish of the each
species were stocked in three separated aquaria containing dechlorinated
water which was circulated through a filter and served as controls (C).

The period of exposure was 4 hr. All experimental animals survived this
exposure time. In each aquarium the fish were kept at constant aeration
at a temperature of 22 + 1°C during the exposure period. After exposure
fish liver, muscle and gill were extracted and homogenized with Tris buffer
at pH=7 in a Potter-Elvehjem glass homogenizer using a teflon pestle. The
homogenized material was used to determinate 1) ALP activity by
spectrophotometric method (Berger and Rudolph 1963), 2) GGTP activity
assayed by the colorimetric method using p-nitroaniline as substrate
(Glossman and Neville 1972), 3) AchE activity by the Hestrin method
(1949) using acetylcholine as substrate and 4) LP levels by the
quantification of malondialdehide (MDA) (Buege and Aust 1978). Protein
concentration was measured using the method of Bradford (1976). All
these assays were done in triplicate.

740



ALKALINE PHOSPHATASE GAMMA-GLUTAMYL TRANSPEPTIDASE
0.012 GILL 0.8 GILL

H D - " H H EllE

LIVER LIVEF§l<

] “Hﬂﬂ

MUSCLE MUSCLE

Rl

C Xthelleri G atripinnis A, splendens c X. helleri  G. atripinnis A. splendens

pmol mg ™’ min™
o
o
S
>
T T T T
1
umol mg™ min

“NWHTON
T 1 T T T

pmol mg”’ min”

umol mg” min”
cooco
cooo
ISE=EsRs]
EENEAIY
T T T T

cooooooo

o
o
(%)
)]
-
o O,

umol mg™ min”
o
o
N
S
o
o

o
(=}
=
3]
T T T T T T
11
umol mg™ min

Figure 1. ALP and GGTP activities determined in gill, liver and muscle of
fishes exposed to De la Vega water. Each bar represents the mean value
of 6 fishes + SD. Significant differences (p < 0.05) are marked *.

Data were statistically analyzed using one way ANOVA and mean
differences of each group were compared using the Tukey test (Zar 1984).
Differences were considered significant at p<0.05.

RESULTS AND DISCUSSION

The contaminated water caused statistically significant increase of the
ALP activity in the liver only in G. atripinnis. However, the gill ALP activity
was lowered in A. splendens and in muscle a slight decrement in ALP was
observed in the three species but this was statistically no significant (Fig.
1). Elevated hepatic ALP activity could be attributed to alterations in their
active sites induced by pesticides and /or disruption of membranes due
to toxic action of toxicants ( Nicholls et al. 1989).

The decreased activity may be due to the structural damage to the
celiular machinery of enzyme production leading to the enzyme inhibition
or decreased synthesis of the enzyme (Gill et al. 1990). Also, a
decreased ALP activity in muscle and gills of Heteropneustes fossilis was
reported following dimethoate exposure (Borah and Yadav 1996).

In the liver, the GGTP activity showed an increase over the control in A.
splendens and G. atripinnis but the activity was decreased in the gill and
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muscle of that species (Fig. 1). In the gill, X. helleri showed insignificant
decrease compared to control but in muscle the decreases were
significant in the three species exposed; the highest decrease were noted
in G. atripinnis and A. splendens. GGTP is a plasma membrane bound
enzyme and has been associated with amino acid transport, it catalyses
transfer of the gamma-glutamyl moiety of glutathione to a number of
acceptors as well as hydrolysis of gamma-glutamyl compounds (Meister
1981). Garcia and Mourelle (1984) propose that the increase in liver
GGTP provides a detoxification mechanism from chronic subletal
exposure through the glutathione transferases which can dealkylate the
insecticide in mammals. Since certain membrane enzymes may be
affected in fish as well as in mammals (Nicholls ef al. 1981), it is possible
that occurs the same in fish. Inhibitory effects on gill and muscle GGTP
activities could indicate a decrease in protein synthesis induced by water
contaminants.

The inhibitory action of pesticides on the AchE activity was clearly evident
in the gill (p<0.05). In the three species the reservoir water provoked 87,
89 and 93% inhibition for X. helleri Goodea atripinnis and Ameca
splendens, respectively, suggesting greater susceptibility of the last
species attributed to the stress exerted by the mixture of contaminants on
the fish (Fig. 2). Straus and Chambers (1995) found that AchE activity was
inhibited 84% in Ictalurus punctatus after 8 hrs of exposure to chlorpyrifos.

The organophosphate insecticides induce toxic effects by inhibition of
acetylcholinesterase and as a consequence blockade of synaptic
transmission in the cholinergic parts of the nerve system (Escartin and
Porte 1996). This could interfere with vital functions such as respiration,
resulting in asphyxia and death (Gill et al. 1990).

Lipid peroxidation levels were affected by exposure to reservoir water
(Fig. 2). The gill MDA levels were increased in all fish after exposure.
There were the same elevation of LP in Xiphophorus helleri and G.
atripinnis but Ameca splendens showed the highest increase in LP. MDA
is one of the main products of degradation of polyunsaturated fatty acids
that are essential to the entire cell supporting system. Disruption of their
structural properties can have serious consequences for cellular function.

Lipid peroxidation provides a link between free radical initiated processes
and associated cellular membrane dysfunction from many diverse
xenobiotics (Muriel 1997).

The alteration of the enzymes activities by pollutants in tissues show the
potential of these enzymes for use as biomarkers of sublethal stress. The
results clearly indicate that the high level of pollution of De la Vega
reservoir might impose a considerable stress on the fish species assayed
due to increased level of LP and changes of enzymatic activities. The
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Figure 2. Malondialdehide formation and AchE activities in gill
homogenates from 6 fishes exposed to De la Vega water. Each bar
represents the mean value + S.D. * means statistically different from
control, p < 0.05.

differences in enzyme responses suggested that Ameca splendens
followed by G. atripinnis are the more sensitive species, the exotic species
X. helleriis the least sensitive.

It is recognized that some pollutants may be more or less toxic to native
species compared to test species because of interspecific differences in
sensitivity (USEPA 1983). Information on the toxic effect of the mixture of
pollutants on enzyme activities in Mexican fishes is not enough. The
establishment of realistic water quality criteria for pollutants entering
critical habitats requires information on the response of native endangered
species to these pollutants. The present study is a contribution toward
the assessment of the toxic impact of wastewater inputs into waterbodies
on the fish fauna. The use of the tissue enzyme activities measurements
let us detect exposure to dangerous levels of xenobiotics which may lead
to the impairment of the reproductive success, to changes in either the
population size and structure of the most sensitive species and to
endangering some species. Adverse effects of the mixture of pollutants in
De La Vega Reservoir may be a contributing factor in the decline of the
endangered fish in Ameca River.
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