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Textile dyeing & printing industries use a variety of
chemi cal conpounds, a mmjor portion of which occurs in
the effluent. The effluent 1is reported to be conplex
in nature, rich in dissolved and suspended sol Ids,
various organi c conmpounds, noderate heavy netal content
and very high pH (Kundu et al. 1989) . Effects of
various ~ industrial pollutants on some physiol ogical
paranmeters in fish has been reported earlier (Jana and
Sahana 1988). GCeetha et al. ﬁ1992) reported an inversely
rel ati onshi p between survival of a freshwater carp and
i ncreasing concentration of a dye factory ef fluent.
Dyeing and printing industry effluents are known to be
potent inhibitors of wvarious enzynmes including the

menbrane bound ATPases (Kundu et al. 1992) " The
menbrane bound ATPase systemis responsible for, anong
ot hers, novenents of ions accross menbr ane. The
experi ment al ani mal of t he pr esent st udy

Peri ophthal mus dipes, a euryhaline teleost inhabiting
the coastal nudflats, is an inportant constituent of the
coastal food chain and is occasional consumed by the
| ocal fisherfolks. Therefore, in the present study an
attempt has been nmade to assess the dose and duration
dependent toxicity of dyeing and printing i ndustry
effluent on a few ion dependent ATPases in [liver,
brain and nuscul ar tissues of P. dipes.

MATERI ALS AND METHODS

The experi ment al animals of the present study P.
es collected fromaulf of Kutch, with the” help

di

of pIocal fishernen. Fishes were acclimted to the
| aboratory conditions for about a week in cenent
troughs containing coastal nud and seawater. During
this period fishes were provided ad |ibitum food and
about ~ 26°C tenperature. However, fishes were not fed

during various experinents. Textile dyeing & printing
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Figure 1. Percent changes of the activity, over
their respective controls (control values are taken
as zero percent), of four ATPases in the liver of
P. dipes exposed to various concentrations of
dyeing and printing industry effluent for three

exposure durations.




industry effluent were collected directly fromthe min
ef fluent discharge duct from a nunber of factories and
pool ed together. The physico-chem cal nature of the
effluent was reported earlier (Kundu et al. 1989)

Bi oassay experinments wer e carried out for t he
estimation of LC,(96h) for this species and found to
be 1.72% On the basis of this LC, value t hree
subl ethal concentrations (0.1% 0.5% & 1.0% of
dyeing & printing industry effluent were prepared by
diluting with normal seawater (salinity 35.47%@L

At least 30 fishes were put in glass t roughs
cont ai ni ng these effluent concentrations and each
treatment was exposed for three tine durations (2,4 & 6
days ) . Along with the treatnments control groups wer e
also rmaintained separately. The experinment al medi a
were renewed every 12 h. After the scheduled exposure
ani mal s were sacrificed and whole liver, whole brain
and a cube of nyotomal white nuscle from the mddle
portion of the body were quickly dissected out and
placed in prechilled buffered sucrose solution (pH
7.1). Tissues from all dissected animls exposed for a
particul ar concentration and duration were pool ed
t oget her and 200 ng of each tissue was taken for the
tissue Ereparatlon and enzyne assays as described
earlier (Lakshm et al.1990). The activities of Total -
ATPase, Na’, K'-ATPase, Ca-ATPase and My"-ATPase were
estimated in the present study and expressed as unol Pi
ng Protein'h'. Al experiments were repeated at
least thrice and a two | evel nested ANOVA was performed
to estinmate the statistical significance treated
animal s over the controls (Sokal and Rohlf 1969).

RESULTS AND DI SCUSSI ON

Result of the present investigation shows a genera
inhibition of almost all the enzynes studied in three

tissues. However, in a few cases significant
stimulations were also observed. In liver, wvarying
degrees of inhibition were observed in all four enzynes
studi ed (Fig 1). However, in nost of the cases

significant stinulation was observed in the |owest
concentrations (0.1% exposed for longest tine (6 d). In
brain tissue, significant inhibition was observed in
the activity of nost of the enzymes (Fig 2). In this
case significant stinulation was also observed in
| onest concentration exposed for |ongest tine. In case
of nuscl e, t ot al and Na', K- ATPase was observed in
hi ghest dose (Fig 3). The other two enzynes showed
inhibition in higher dose and stinulation in | ower
dose. In liver a general trend of inhibition was
observed but, in few cases stinulation was al so observed
i n higher exposure durations. It is possible that toxic
organi ¢ conpounds and heavy netals present in the nedia
may reach to liver via gill, digestive tract or skin
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Figure 2. Percent changes of the activity, over
their respective controls (control values are taken
as zero percentg, of four ATPases in the brain_ of
P. di pes exposed to various concentrations of dyeing

and printing industry effluent for three exposure
dur ati ons.
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Table 1. Results of tw way nested ANOVA between
different treatnents and exposure durations. Calculated
“F" values are given in the Table. “Degrees of Freedonf
(df%_are (a) anong doses = [3,8] and (b) anpng durations
Within doses = [8,24]. Critical values of F for these
df are also given.

TI SSUE ENZYMES

Tot al Na- K Ca My
ATPase ATPase ATPase ATPase

Anong doses 0.63 12.75 0.53 0.56
LI VER Anong dur a-
tions within 7.68 52.80 27.07 84.66
doses
Anong doses 1.28 2.83 1.40 1.26
BRAI N Anong dur a-
tions within 627. 49 369. 30 84. 46 1.68
doses
MUSCLE Anong doses 0.66 4.89 0.77 2.80
Anong dur a-
tions within 291 51 164. 05 47.89 14.80
doses

Critical values of "F' at various df

Probability F [3,8] F [8,24]
P = 0.05 4.07 2.36
P = 0.01 7.59 3.36
P = o0.001 15. 83 4.99

(Kundu et al. 1992). It is possible that the toxic
organi ¢ conpounds and heavy netals, like Cr, present in

the effluent, reacted with the nmenbrane bound ATPases

and brought about an alteration in the active transport
mechani sm (Lakshm et al. 1990). The shrinkage of liver,

after exposure to effluent is also a strong sign of its
being aftected by the effluent.

The ATPase system has |long been identified as a target
for toxic conmpounds and the inhibition of the enzyne
caused by heavy netals or toxic organic conpounds
present in the effluent could alter the cel lul ar
menbrane configuration by binding to the phospholipid

portion of the nmenbrane, altering its active site
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(Wells et al. 1979). The progressive inhibition in the
activities of ATPases may indicate an acute disturbance
in the liver (Mehra and Kanwar 1986). Oaing to the
i nportance of Na’, KATPase in the osnoregulation it is
possible that inhibition of this enzyme by heavy netals
may cause alterations in the ion transport process in

cell menbrane (G1lles 1979).

The brain of effluent-intoxicated fishes showed
progressive inhibition in the activity of Na’, K-ATPase.

The inhibition of this enzyne indicates a blockade of
active transportation of Na"and Kions. This
reducti on hanpers the K influx and Na efflux from the
cell (Nishikawa and Shimzu 1989). Ca"and My"ions
are vital for the proper functionin of many
physi ol ogi cal processes such as release o di fferent
chemi cal neurotransmtters (WIson 19792}. Thus t he
inhibition of Ca™-ATPase and Mg -ATPase indicate
the reduction of Ca™ and Mg which nmight cause
delay in transm ssion_at the neural junctions. However,

the “~exact neurotoxicity is not clearly understood at

this stage.

In the case of nuscle nost of the enzynes were found to
be stinulated in |ower concentrations. Inhibition of
Na'- k" ATPase activity, brought about a bl ockade of

Na'- K r[%urrp may disrupt the normal di strijbution of
ions (Kundu ét al. 1992). The inhibition of

Ca”, My" ATPases reduced the uptake and transport of
Ca"’ and Mg which are responsi bl e for t he
contractility of nuscle and storage and transport of
Ca"is affected.

In all three tissues, as suggested by the statistical
analysis (Table 1), the effluent caused a predom nantl

exposure duration dependent effects. Toxic materia
can reach these organs only through bl ood. It is
possible that the toxic substances “present in blood
affected the ATPase system of the epithelial tissues of

t he concerned organs causi n% severe physi ol ogi cal
di sturbances (Kundu et al. 995).  However, fishes

exposed to IonP term |ow doses sonetines showed
significant stinulation of the enzymatic activity in the
organs studied which may be a form of adaptation to the
t oxi cant s.
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