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Abstract. Specimens of Notopterus notopterus were exposed to three subl- thal
concentrations (1(lOth, If15th and 1/20th of 96 hr LC"o) of phenol (1'), 2,4-dinitro.
phenol (DNP), pentachlorophenol (PCP), and their three combinations (pCP +
DNP)(P (highly antagonistic), (DNP + P)(PCP (additive) and (I' + DNP)/PCP
(highly synergistic) for 15 and 30 days, and brain, liver, kidney and gills were taken
out separately for determining acid phosphatase activity. In general, inhibition
was. maximum (89·32%) and highly significant (I' < 0'001) in brain, and minimum
(6'93%) and insignificant in kidney of fish exposed to 1/10Ih of (P + DNP)/PCP
and P, respectively after 30 days. When P, DNP and PCP were used separately
PCP exerted more inhibitory effects than DNP and P. However, significant stimulation (P < 0·05 ; P < 0·01) at 1/15th and 1/20th of P and DNP both after 15
and 30 days, and insignificant at 1/20th of (pCP + DNP)/P after 15 days was also
observed in kidney.
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1. Introduction
There is increasing concern today about environmental contamination with
phenolic compounds such as phenol, 2,4-dinitrophenol and pentachlorophenol.
These compounds are the non-specific pesticides (Rappe and Nilson 1972) used
as herbicides, molluscicides and bactericides in industries, wood preservation and
agriculture. As an antiseptic, phenol is also used for medicinal purposes. .Inspite
of their extensive use, little attention is paid on their effects on metabolic activities
of freshwater fish (Weinbach and Garbus 1969 ;. Desaiah 1978 l. Dalela et a/
1980 ; Verma et a/ 1980). Acid phosphatase is a hydrolytic enzyme which takes
part in the dissolution of dead cells and as such is a good indicator of stress condition in the biological system (Gupta et a/ 1975 ; Verma et al 1980). This study
was undertaken to evaluate the effects of sublethal concentrations of P, DNP,
PCP and their three combina:tions-(pCP + DNP)/P (highly antagonistic),
(DNP + P)/PCP (additive) and (P + DNP)jPCP (highly synergistic) (Verma et a/
1981) on acid phosphatase activity (orthophosphoric monoester phosphohydrolase ;
H.C. 3 ·}·3· 2) in different tissues of a freshwater fish Notopterus notopterus.
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2. Materials and methods
Specimens of N. notopterus (16 to 2 I cm in length; 35 to 60 g in weight) were
collected from Kalinadi and adopted for two weeks to the laboratory conditions.
The technical grades of phenol (C6HsOH), 2,4-dinitrophenol «N0 2) 2 CsHaOH)
and pentachlorophenol (sodium salt; C6CJ sONa) manufactured by Thomas Baker
and Co. (London), Thomas and Thomas (India) and Hopkins and WiIIiam Ltd.
(England), respectively were used. Stock solutions of 1·0 g/L were prepared
separately and the desired concentrations of these chemicals were obtained, using
the table 231 (3) of Standard Methods (1971).
Fifteen fish were transferred in each concentration (I/lOth, 1/15th and 1/20th
of 96 hr LC so) of these chemicals and combinations kept in triplicate for 30 days
(96 hr LGso of P, DNP, PCP and (PCP + DNP)/P, (DNP + P)/PCP and
(P + DNP)/PCP combinations being 12'53 mg/L, 1/34 mg/L, 0·083 mg/L,
24·00 mg/L, 0 ·083 mg/L and 0 ·0065 mg/L, respectively. During acclimatation
and exposure periods, fish were fed once a day with chilled crustacean diet (containing cyclops and daphnia) to avoid the starvation effects (Alekseev and Uspendskaya
1974). Solutions were renewed after each 24 hr, to avoid the fouling by food
and excretory matter, Controls were also set side by side for comparison.
Fish were sacrificed after IS and 30 days, and brain, liver, kidney and gills
. were taken out and pooled separately in ice cold petridishes containing 0·25 M
sucrose solution. Tissue homogenates (5%) were prepared separately using 0·25 M
sucrose solution, with a Potter Elvehjem hornogenizer. Hornogenates were
centrifuged at 900g under cold conditions (5,0 ± 1.0 C) and supernatants were
used for enzyme study. Acid phosphatase activity was measured by the method
of Shinowara et a! (1942). The inorganic phosphate liberated was determined
by Piske and Subbarow (1925) method. Statistical significance of the difference
between the control and experimental values was calculated by student's 't' test
(Fisher 1950).
0

3. Results

~Qd

discussion

Average values along with mean ± S.E. of three observations for acid phosphatase
activity in brain, liver, kidney and gills of control fishes, and per cent inhibition/
stimulation in exposed fishes after 15 and 30 days are given in table 1. It is
clear from the table that when fishes were exposed to P, DNP and PCP separately, greater inhibition was observed in fishes exposed to PCP and DNP as
compared to fishes exposed to P. This is due to the replacement of hydrogen 1 y
chloro and nitre groups in PCP and DNP, respectively (Kopperrnan et a! 1974).
In general maximum (89,32%) and highly significant (P < 0·001) inhibition as
observed in brain, and minimum and insignificant (6'93%) in kidney at 1/10 th
concentration of (P + DNP)/PCP, respectively after 30 days. However, in
kidney biphasic effects of P, and DNP were observed, i.e., inhibition in enzyme
activity at higher concentrations and stimulation at lower concentrations. Stimulation was significant (P < 0·05) at 1/15th of P, 1/15th and 1/20th of DNP, and
at P < 0 ·01 in 1/20th of P after 15 days, and 1/15th and 1/20th of P and DNP
after 30 days while it was insignificant at 1/20th of (PCP + DNP)JP combination
after 15 days. Inhibition in 'acid phosphatase in these tissues was in the order,
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Table 1. Per cent alterations in acid phosphatase activity in certain tissues of Notopterus notopterus exposed to phenolic compounds after
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brain> liver> gills> kidney except after 30 days in DNP and after 15 and 30
days in (PCP + DNP)/P where inhibition was in the order, liver> brain> gills
< kidney, and after 30 days in P where sequence of inhibition was in the order,
brain> gills> liver> kidney.
Phcnols enter in blood circulation of fish through gills and skin, and get distributed into different tissues where they affect normal metabolism (Mitrovic et al
1968). Dalela et al (1980) also studied the effect of sublethal concentrations of
P and PCP on hepatic acid and alkaline phosphatases and observed significant
inhibition. Synergistic effects of P and DNP on acid and alkaline phosphatascs
were also observed by Verrna et at (1980). Authors in this investigation observed
that these compounds in combinations showed no definite pattern of toxicity
(i.e., inhibition/stimulation in enzyme activity) as they showed separately. At
1/20th, in brain after 15 and 30 days, at 1/10th, 1/15th and 1/20th in liver after
15 days, at 1/15th and 1/20th in liver after 30 days, and at 1/10th in kidney after
15 days, the per cent inhibition was not significantly different in fish exposed to
PCP, (DNP + P)/PCP and (P + DNP)/PCP combinations. At 1/15th and
1/20th in kidney after 15 and 30 days, at l/1Oth, 1/15th and 1/20th in gills after
15 days, and at 1/15th and 1/20th in gills after 30 days inhibition in fish exposed
to (P + 'DNP)/PCP was significantly lesser than in fish exposed to PCP alone and
to (DNP + P)/PCP combination. In fish exposed to (PCP+ DNP)/P, inhibition in brain and gills was significantly less as compared to the fish exposed to
phenol, in liver inhibition was not significantly different and in kidney significant
stimulation (P < 0 ·05 ; P < 0·01) was there at 1/15th and 1/20th of P both after
15 and 30 days while in (PCP + DNP)/P insignificant stimulation was observed
at 1/20th only after 15 days.
Loornis and Lipmann (1948) and Simon (1953) after DNP exposure, and Yap
et al (1915) and Desaiah (1978) after PCP exposure, pointed out that uncoupling
of oxidative phosphorylation is the main cause for inhibition of phosphatascs.
Uncoupling of oxidative phosphorylation was also pointed out by Dalela et al
(1980) and Verma et al (1980) for the inhibition of acid and alkaline phosphatases.
Simon (l953) stated that concentrations higher than those needed to prevent
oxidative phosphorylation injured the mitochondrial system so greatly as to
block the action of enzymes concerned with oxidative metabolism. Action of
uncouplers of oxidative phosphorylation has been pointed out on the basis of
chemical (Pressman 1963) and chemi-osrnotic (Mitchell 1961) interactions.
According to (Pressman 1963), uncouplers promote the conductivity of protons
within mitochondrial membranes and subsequently prevent the formation of a
gradient across the membrane. According to Mitchell (1961), uncouplers promote
the splitting of an energy rich intermediate compound prior to ATP production.
Weinbach and Garbus (1969) suggested that uncouplers traverse through lipoprotein layer of mitochondrial membrane and interact with protein groups that then
undergo structural changes. It is generally assumed that major changes in mitochondrial function arc reflected in morphological alterations and that normal
mitochondrial profiles are dependent on the continuing supply of energy rich
intermediates produced by oxidative phosphorylation. Weinbach and Garbus
(1969) indicated that these uncouplers bind tightly with mitochondrial proteins
which are involved in amino acid metabolism. However, authors of this investi·
gation, assumed that all these interactions and processes held simultaneously when
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fish were exposed to these chemicals and their combinations, causing the
uncoupling of phosphorylation and finally affect the activity of phosphatases.
Mixing of chemicals enhances toxicity (synergism) in some cases and decreases
(antagonism) in other cases but the actual mechanism of combination effects on
acid phosphatase activity is not well-known.

AckoowledgeD1ent
CSIR (New Delhi) is thankfully acknowledged for financingthe research programmes
of Which the present work is a part.

References
Alekseev V A and Uspenskaya N E 1974 Toxicological characteristics of acute phenol poison'iug
of some fresh water worms; Gidrobiol. Zh. 10 48-55
Dalela R C, Rani Sand Verma S R 1980 Physiological stress induced by sublethal concentratrons
of phenol and pentachlore phenol in Notopterus notopterus : Hepatic acid and alkaline
phosphatases and succinic dehydrogenase; Environ. Pollut, 21 3-8
Desaiah D 1978 Effect of pentachlorophenol on the A'I'Pases in rat tissues; Pentachloropheno!
12 277-283
Fisher R A 1950 (Statisncal methods for research workers; 11th ed, (London. Oliver and
Boyd).
Fiske G Hand Subbarow K 1925 The colorimetric estimation of phosphorus; J. Bioi. Ckem.
66375-381
Gupta P K, Dhar U and Bawa S R 1975 Effect of malathion and radiation separately and
jointly upon rat enzymes in vivo; Environ, Physiol. Biochem. 5 49-53
Kopperman H L, Carlson R M and Caple R 1974 Aqueous chlOlination and ozonation studies.
Structure-toxicity correlations of phenolic compounds to Daphnia magna; Chem.Biol.
Interaction 9 245-251
Loomis W P and Lipmann F 1948 Reversible inhibition of the coupling between phosphorylation
and oxidation; J. Bioi. Chem. 173 807-814
Mitchell P 1961 Coupling of phosphorylation to electron and hydrogen transfer by a eherniosmotic type of mechanism; Nature (London) 191 144-148
Mitrovic V V, Brown V M, Shurben D G and Barryman M H 1968 Some pathological effect
of subacute and acute poisoning of rainbow trout by phenol in hard water; Water Res.
2249-254
Pressman B C 1963 In, Energy linked functions of mitochondria (ed.) B Chance (New York:
Academic Press) pp 188-191
Rappe C and Nilsson C A 1972 An artifact in the gas chromatographic determination of impurities in pentachlorophenol;
Chromatogr. 67 247-253
Shinowara G Y, Johns L M and Reinhart H L 1942 The estimation of serum inorganic phosphate and acid and alkaline phosphatase activity; J. Biol, Ohem. 142 921-928
Sinon E W 1953 Mechanism of dinitrophenol toxicity; Bioi. Rev. Cambridge Philos. Soc. 28
453-479
Standard methods for the examination of water and waste water 1971 13th ed, Am. Publ, Hlth.
Assoc, Inc. New York, N.Y.
Verma S R, Rani Sand Dalela R C 1980 Effects of phenol and dinitrophenol on acid and
alkaline phosphatases in tissues of a fish (Nu/up/crus lla/upterus); Arch. Bnviron- Contam,
Taxieol. 9 451-459

r.

P'(B)-2

12

R C Dalela, Saroj Rani and S R Verma

Verma S R, Rani Sand Dalela R C 1981 Synergism, antagonism and additivity of phenol,
pentachlorophenol and dinitrophenol to a fish (Notopterus IlOtopterus); Arch. Environ.
Contam. Toxicol, 10 365-371
Weinbach E C and Garbus J 1969 Mechanism of action of reagents that uncouple oxidative phosphorylation; Nature (Lolldol!) 221 1016-1018
Yap H M, Desaiah D, Cutkomp L K and Koch R B 1975 I/I vitro inhibition of fish brain,
A'I'Pase activity by cyclodiene insecticides and related compounds; Bull. Environ, Contam,
Toxicol. 14 163-167

