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ABSTRlICT 

The present investigation revealed the effect of phenol 
or methanol at different sublethal concentrations on the 
specific activity of brain acetylcholinesterase. The study 
was also extended to include the total protein concentration 
during the tested period. Phenol has marked excitable 
effects on the fish even at fairly low concentration (0.05 
mg/l) as recorded by activation of AChE in brain. During 
exposure to methanol the enzyme activity responds In 
triphasic manner, first activation followed by inhibition 
then recovery to control level. It seems that the Initial 
activation represents the alarm reaction to the presence of 
methanol in the environment and during which more nerve 
I~lse tr'ansfer may be needed. The effect of methanol waa 
dose-dependent being high with the higher concentration. 
Methanol may be more harmful than phenol. The potentiality 
of using the change in the enzyme activity as criterion for 
water quality was discussed. 

INTRODUCTION 

ACHE is a ubiquitous enzyme found in various fish tissues 
including brain, liver, gonads, blood, gut, spleen and 
muscle (Augustinsson, 1959; Hogan and Knowles, 1968; Matton 
and Laham, 1969; Hogan, 1971 and Silver, 1974). The relative 
significance of AChE in nervous tissue or other 
nerve-integrated tissues fish is apparent in view of the 
important role of the enzyme in neural transmission 
(Rosenberry, 1975). The enzym is, however, curiously found 
in the blood of many fish although no functional role has 
been attributed to it in this tissue (Hogan, 1971; Gluth and 
Hanke, 1983 and Hanke et al., 1982). The dilemma is further 
confused by the fact that it is found in various blood 
fractions of different fish species (Silver, 1974). Rainbow 
trout, carp (cyprinus carpio), tench (Tinca tinea) and eel 
(Anguilla anguilla), for example are void of AChE activity 
in the erythrocytes although some esterase activity was 
present in the serum (Close et al., 1957). In addition, 
Hogan (1971) observed that AChE was present in the plasma of 
catfish (lctalurus spp), grass pickerel (Esox americanus 
vermiculatus) and northern pike (Esox lucius). 



Altllough the measurement of acetylcholinesterase activity
in fishes has proved valuable in detecting pollution of 
fresh and estuarine water by organophosphate and carbamate 
insecticides (Williams and Sova, 1966; Holland et al., 
1967; carter, 1971: Coppage and Duke, 1971; Morgan et al., 
1973; Livingston and Goodwin, 1974 and Coppage and Braidech, 
1976) little is known about the potentiality of using the 
changes in AChE activity as indicator of stress caused by 
industrial effluent contaminated by phenol or methanol. 

MATERIAL AND METHODS 

EXPERIMENTAL ANIMAL: 

The fish Clarjas lazera were used as experimental animals 
(Length, 15-20 em; weight. 40-60 qm). They were purchased 
from the market in batches of ~OO. Before they were used for 
experiments, fish were kept in glass 400-liter aquaria at a 
stocking density of 10 kg fish per aquarium for at least two 
weeks. The aquaria received a continuous supply of tap water 
(temp. 25 ± 1 0 C). A photoperiod of 16 L : B 0 was 
maintained. Dissolved oxygen ',~.; ~0ver below 90% saturation. 
Acidity was monitored regular~i (pH 7.3 ± 0.4). Fish were 
ted at libitum every other day, feeding was interrupted 24 
hr before the experIments. Two days prior to the application 
of chemicals, fish were transferred into the well aerated 20 
liter test glass aquaria in proportion ~f 8 fish per 
aquarium. During that time and during the later experiments 
the fish were not fed and the water was carefully renewed 
every 12 hr. Handled controls were sUbjected to the same 
amount of disturbances as the experimental fish, including 
transfer to another aquaria but they remained in 
pollutant-free medium. 

EXPERIMENTS: 

These were initiated by the addition of chemicals to the 
test aquaria to have final concentration of 1.0, 0.1 and 
0.05 rng phenol/liter or 100 and 1 ml/liter methanol. The 
fish were killed in groups of 8, except otherwise stated, at 
various times up to 7 days after transfer to test aquaria 
(3, 6, 9, 24, 48 and 168 hr). Sacrifices were made at the 
same time of the day to preclUde the potential effects of 
diurnal fluctuation on enzyme activities. 

BBAIN SAMPLE: 

Fish were caught by hand net and quickly anaesthesized in 
MS 222 solution (66.7 mg/l, tricaine methane sulfonate, 
Syndel Labs.) in a separate aquarim. Immobilization was 
complete within 20 seconds. Brain was dissected and directly 
frozen. 

Acetylcholinesterase (AChE) Assay: 

Brain was weighted and quickly sonicated in 2 ml of 100 
mM phosphate buffer at pH 4.2, using an ultrasonic power 
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with cooling during and between each period of sonicat~n. 
The temperature of the homogenate was not allowed to rise 
above 4oC. The homogenate was centrifuged in cold centrifuge 
at 22000 c for 20 min. The supernatant was transferred to 
clean test tube immersed in ice bath and analysed for enzyme" 
activity. Acetylcholinesterase activity was measured via the 
reaction of the colorimet~ic reagent 5,5' 
-dithio-bis-2-nitrobenzoic acid (DTNB) with the product of 
acetylthiocholine (ASCh) hydrolysis (Ellman et al., 1961; 
Voss and Sachsse, 1970 and Hussain, 1979). ASCh (173.5 
mg/ml) was prepared daily in pH 8 phosphate buffer. DtND 
(39.6 mg) was dissolved in 9.75 ml pII 7.0 phosphate buffer 
to which 250 ml of sodium bicarbonate (60 mg/ml) were added 
(Ellman et al., 1961b' The DTNB solution is stable for 2 to 
3 days if stored at 4 C. 

All assay of AChE activity were performed in duplicate or 
triplicate at 24 0 C and employed 2.8 ml homogenate solution 
to which 100 ul DTNB and 50 ul ASCH solutions were added. 
ASCh concentration in the cuvettes was 10 mM and 
corresponded to the substrate level for maKimum ac~vity 
(Ellman et al., 1961 and Hobden and Klaverkamp, 1971), An 
additional preparation without ASCh served as the blank. The 
change in absorbance initiated by the addition of ASCh was 
monitored from 1 to 5 min. on Baush and Lomb 
spectrophotometer (Model Spectronic 2000) equipped with a 
chart recorded at a wavelength of 512 nm. Nonenzymatic 
hydrolysis was determined by sUbstituting 2.8 ml of pH 8.0 
phosphate buffer for homogenate solutions. Reproducibility 
of the assi1Y techn\qu8 was verified from determinations of 
·AChE astivity from a standard AChE enzyme extract (Sigma 
Chemical Co.»). 

Total AChE activities were expressed as nmol ASCh 
hydrolysed per minute calculated from the change in 
absorbance perlmin., 9iven an extinction coefficient of 1.36 
x 104 M- 1cm-. Bra1n tissue enzyme specific activity is 
given in terms of unit/rug protpi.n (Lowry et ai., 1951). 

STATISTICAL ANALYSIS: 

Data were analysed using students t-test. statistical 
significance is jUdged on overlap of 95% confidence 
intervals (p<0.05). Values in tables are expressed as mean ± 
standard error of the mean (S.E.M.), while in figures, 
percentage of changes versus controls (100%), are primarily 
demonstrated. If there was a significant deviation of the 
experimental from the control means, the columns in the 
figures were marked with an arrow. 

RESULTS 

Brain Acetylchloinesterase (AChE): 

The alterations in AChE specific aotivity after 
trea~m7nts with phenol are presented in Fig. 1. A clear 
~iqn1f1cant (P<O.02) inhibition of the enzyme activity was 
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FIG .1­
Changes of brain AChE specific activity level in 

percentage of controls during 168 hr of exposure to 
1.0, 0.1 and 0.05 mg/L phenol. 

measured in fish exposed to the, two higher phenol 
concentrations during the first 3 hr. The severity of 
inhibition was dose-dependent being higher with the higher
concentration (ca. 22%). After this initial phase of 
inhibition, a recovery to normal control levelt~as observed 
more or less by exposure from hr 6 till the 48 • hr at all 
concentrations. Thereafter and the enzyme was significantly 
activated by exposure up to hr 72 throughout the rest of the 
experimental time. The level of the increase in enzyme 
specific activity was also dose-dependent. 

During the first 9 hr of exposure to both concentrations 
of methanol, the AChE specific activity was higher in the 
brain of treated fish than that of control (p<O.OOl). At the 
10 ml/liter methanol the activation of the enzyme increased 
with time reaching a maximum after 9 hr. A recovery to 
normal control level at both concentrations were recorded 
toward the end of experiment after an intermediate phase by 
exposure hr 24 and 48 during which the enzyme was 
significantly inhibited (p<0.02). The magnitude of the 
inhibition and that of the recovery was not dose-dependent 
(Fig. 2). 
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FIG .2.
 
Changes of brain AChE activity level in percen~age of
 

controls during 168 hr of exposure to
 
10 and 1 mIlL methanol.
 

Protein Concentration: 

During exposu~e to either phenol (Table 1) or methanol 
(Table 2), the chances of protein contents were variable and 
non of the incr~ase or decrease was statistically 
significant when compared to the respective controls. 

DISCUSSION 

A number of studies have indicated the importance of the 
physiological and biochemical changes in the central nervous 
system of poiki1otherms during dlfferent causes of stres~. 

and the possible limiting role of the central nervous system 
(CNS) in the overall process (Roots and Prosser, 1962; 
Prosser and Farhi, 1965; Hussein et al., 1983; Hanke et al., 
1982; Gluth and Hanke, 1983 and Assem, 1984 & 1985). 

In fish, as mammals, brain acetylcholinesterase (AChE, EC 
3.1.1.7) was investigated by many authors (e.g. Hanke" et 
al., 1982 and Assem, 1984 and 1985) as the enzyme
responsible for terminating the action of the 
neurotransmitter, acetylcholine (ACh), on the acetylcholine 
receptor (AChR) (Eccles, 1964 and Katz, 1966). 
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TABLE .1. 
Changes of brotein in the brain durin9 exposure 

to different phenol concentratlons. 

Experimental 1.0 mg/L 0.1 mg/L 0.05 mg/L 

conditions Hean S.E.M Mean S.E.M Mean S.E.M. 

Contror -(3hr-)-2'-4--- ±O. 2 j­
3 hr 3.1 +0.16 3.0 ;±:O.lS 2.8 ±0.19 

Control (6hr) :3 • 3 ±O.18 
6 hr 3.2 t-0.20 3.4 ±0.15 3.7 ±O.17 

Control ( 9hr) 3.1 iO.17 
9 hr J.6 ±O.28 2.9 ±O.18 2.9 ±O.17 

control ( 24hr) 3.2 ±O.22 
24 hr 2.8 ±0.24 2.8 ;±:O.19 2.6 ±O.18 

Control (4Bhr) 2.9 ±O.24 
48 hr 2.4 ±0.14 2.3 ;±:O.24 3.6 ±0.29 

Control (72hr) 2.6 ;±:O .23 
72 hr 2 .. 5 ±O.O?' 2.4 ±O.06 2.7 ±O.O9 

Control ( 168hr) 3.0 ±O.J.6 
168 hr 2.9 ±o. L3 1..7 ;±:0.17 3.1 ±0.20 

-------,-,
Protein : mg/100 mg. 

TABLE: .2.
 
Changes of brotein in the brain during exposure
 

to two methanol concentrations.
 

Experimental 10.0 m11L 1.0 mi~ 

conditions Mean S.E.M. Mean S.E.M. 

Control (3hr) 3.20 ±0.04 
3 hr 3.40 +0.28 3.36 ±0.06 

Control (6hr) 3.20 ±0.04 
6 hr 3.30 +0.079 3.40 ±0.13 

Control (9hr) 3.20 +0.04 
9 hr 3.40 ±0.17 3.28 ±O.OS 

Control (24hr) 2.73 +0.03 
24 hr 2.76 ±0.22 2.74 ±0.14 

Control (48hr) 2.73 ±0.03 
48 hr 2.90 ±0 .. 12 2.81 ±0.19 

Control (72hr) 2.80 ±0.03 
72 hr 2.64 ±0.11 2.62 ±O.l! 

Control (168hr) 2.62 +0.03
168 hr 2.76 io .13 2.76 ±0.06 

Protein : mg\100 mg. 
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In our studies, and during exposure to phenol, brain AChE 
sper:ific activity was shortly inhibited'by exposure 3 hr 
only at the two higher phenol concentrations (1.0 and 0.1 
~g/liter). After a rapid recovery to corresponding contruls 
18" ."1, which extendad to eo{posure ~8 hr a highly 
Big~ificant activation of the enz¥me un1ts ,was recorded 
t~uoU9ho'..lt the rest. of eXI?erJ.mental t1me at all 
concentrati.ons. These results 1ndicate that phenol has 
marked excitable effects on the fish at fairly low 
concentration. These excitable effects of phenol are thought 
to be due to a generalized facilitation of synaptic 
transmission (Sanna and Jabbur, 1970). In our ex~eriments, 
we changed the water of the aquarium every 12 hr (15% 
decrease of phenol concentration) together with ,the low 
solubility of phenol in water (80 g/liter) and its low 
degree of dissociation at physiological pH (Kaila and 
Saarikoski, 1980), we would expect that the ?xcitable 
effects are caused by the nonionized forms of the compounds, 
this is in agreement with the results obtained by Kaila and 
Saarikoski (1980). Assem (1985) has also found an excitable 

'effects of phenol represented by increased brain AChE 
activity, when he sUbjected the carp Cyprinus ca~io to the 
same phenol regime. But our results differ from h1S (Assem, 
1985) in two aspects, firstly in carp the effects of phenol 
were mainly restricted to the higher concentration (1.0 
mg/l) and secondly recovery to normal control level was 
observed by him after 168 hr. These differences suggested 
that our experimental fish Clarias lazera could be more 
sensitive to phenol than the carp, which might restrict its 
choice as a candidate in aquaculture. 

During exposure to methanol, the enzyme activity (ujmg 
pr) responds in a triphasic manner, a first activation (3, 6 
and 9 hr) followed by an inhibition of activity (24 and 48 
hr) then recovery to control level during the rest of 
exposure time (73 to 168 hrt~· It seems that the initial 
increase of the enzyme activity represents the alarm 
reaction to the presence of methanol and during which more 
nerve impulse transfer may be needed. The effects of the 
higher methanol concentration (10 ml/liter) were more 
pronounced than the effect of the lower concentration (1.0
mljliter) especially by 9 hr. A similar initial increase of 
brain AChe activity was found in the sheepshead minnow, 
cyprinodon variegatus, exposed to low concentrations of the 
organophosphate insecticide Diazinon (Goodman et al., 1979) 
and in the carp, Cyprinus carpio, exposed to nOT (Assem,
1984) . 

The inhibition of the ACHE activity recorded by exposure 
24 and 48 hr at both methanol concentrations may represeht
the resistance phase during which the fish tries to regain 
homeostasis. Resistance led to compensation as represented 
by the subsequent (from 72 hr) recovery of AChE activity to 
normal control level. These changes were not dose-dependent
which contradict the assumption made by Weiss (1961) who 
sta~ed that the length of time required for recovery of AChE 
act1vity to normal, following exposure to intoxication, is 
dependent on the extent of previous inhibition and its 
duration. 
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Comparing the results of exposure to phenol and methanol, 
we would concluded that the resistance led to compensation 
lat the given concentrations of methanol but to further 
lresistance at all phenol concentrations, as seen by the 
activation of AChE activity from exposure 72 hr onwards. 
IThese different AChE reactions between methanol and phenol 
support the assumption that methanol may be more harmful 
than phenol at their investigated concentrations. 

To our knowledge nothing have been pUblished concerning
the effects of methanol on brain AChE of fish which make the 
mechanism of its mode of action difficult to explain. Its 
activation effects may be like phenol due to an increase 
in transmitter liberation from presynaptic terminals (otsuka 

and Nonomura, 1963 and Kuba, 1969), while its inhibition 
effects may be like the effects of organophosphate 
poisoning in mammals which putatively involve antagonizing
the effect of ACh on AChR (Hayes, 1975). 

The absence of any significant changes in brain protein
concentration throughouc the whrle exposure time to either 
phenol or methanol indicates tl.JL all measured changes in 
ACHE activity were true and not due to changes in brain 
water content. 

REFEHENCES 
As.em, M., 1984. Potential use of ~Iysiological changes as indices of stress in 

the teleost, Cyprinus carpio. Bull. Inst. Oceanegr. and Fish. A.R.E., Vol. 10: 
111-121. 

Asse., H., 1985. Effects of petroleum refinery wastewater exposure on plasma 
cortisol and brain acetylcholinesterase in carp, Cyprinus carp;o. ,. changes 
induced by phenol. Proc. Zool. Soc. A.R Egypt., Vol. 9: 11-18. 

Augustinsson, K.B., i959. Electrophoresis studies on blood plasma ester~'es: II. 
Avian, reptalian, amphibian and piscine plasmeta. Acta Chem. Scand., Vol. 13: 
1081'1096. 

Banne, N.R. ana S.J. Jabbur, 1970. Increased transmitter release induced by 
convulsant phenols. Brain Res., Vol. 20: 471-473. 

Carter, F.l., 1971. In vivo studies of brain acetylcholinesterase 
tnhibition by organophosphate and carbamate insecticides in fish. Ph.D. 
dissertation. Loui.lane State University, Baton Rouge, l~Jisiana, U.S.A. 

ClOle, F.;A. Sereaty and M. Cathola, 1957. Activities cholinesterasiques chez les 
poissons dulcequicoles. Bull. Soc. Hist. Nat. Toulouse, Vol. 92: 205-217. 

Coppege, D.L. and T. Braldech, 1979. River pollution by anticholinesterase 
agent•• Water Research, Vol. 10: 19-24. 

Coppage, D.L. and T.Y. Duke, 1971. Effects of pesticides In estuarine along the 
Gulf and southeast Altantic coasts. In: Proceedings of the 2nd gulf coast 
conference on mosquito suppression and wildlife management. (C.M.Schmidt, 
editor). National Mosquito Control-Fish and ~ildlife Management Coordinating 
Committee, Yashington, District of Columbia U.S.A., 24-31. 

Eccles, J.C., 1964. The physiology of synapses. Springer, New York. 
Ellman, G.L.: K.D. Courtney: V. Andres and R.M. Featherstone, (1961). A new and 

rapid colorimetric determination of acetylcholinesterase activity. 
Bjochem. Pharmacol., Vol. 7; 88-95. 

l~ 



Gluth, G. and W. Hanke, 1983. The effect of temperature on physiological changes 
in carp, Cyprinus carpio L., induced by phenol. EcOtoKicol. Environm. Safety, 
Vol. 7: 373-389. 

Goodman, L.R.; D.J. Hansen; D.L., Coppage; J.C. Hoore and R.C. Matthews, 1979. 
Diazinon chronic toxicity to, and brain acetylcholinesterase inhibition in the 
sheepshead minnow Cyprinodon variegatus. Trans. Am. Fish. Soc., Vol. 108: 
479-488. 

Hanke, W.; G. Gluth; H. Bubel, and R. Huller, 1982b. Physiological changes in 
carps induced by poll~tion. EcOtOK. Environ. Safety. Vol. 7: 229-241. 

Hayes, W.J.Jr., 1975. Toxicology of pesticides. Williams and Wilkins, Baltimore. 
Hobden, B.R. and J.F. Klaverkamp, 1977. A pharmacological characterization 

of acetylcholinestersae from rainbow trout (Salmo gairdneri) brain. Compo 
Biochem. Physiol., Vol. 57c: 131-133. 

Hogan, J.W., 1971. Some enzymatic properties of plasma esterases from channel 
catfish (Ictalurus punctatua). J. Fish. Res, Bd. Can., Vol. 28: 613-616. 

Hogan, J.W. and C.O. KnoWles, 1968. Some enzymatic properties of brain 
acetylcholinesterase from blue gill and channel catfish. J. Fish. Res. Bd. 
Can., Vol. 25: 615-623. 

Holland, H.T.; D.L. Coppage and P.A. Butler, 1967. Use of fish brain 
acetylcholinesternse to monitor pollution by organophosphorus pesticides. 
Bull. Environm. ront~m. Toxicol •• Vol. 2: 156-562. 

Hussain, M.A., 1979. Studies or, incipient and delayed neurotonic effects of 
some organophosphorus insecticides. Ph. D. Thesis, Simon Fraser University. 

Hussain, M.F.; H.I. Hohamed; M.F. Selim, and H. Alem El din, 1983. Ambient 
temperature effects on brain and spinal cord acetylcholinesterase activity of 
two poikilotherms. Compo Biochem., Vol. 75c: 3578-359. 

!Caila, K. ttl1d J. Saarikoski, 1980. Inhibition "f voltage-dependent potassiun 
conductance by convulsant phenols in th~ medial giant axon of the crayfish. 
Compo Biochem. Physiol., Vol. 65c: 17·24. 

Katz, g., 1966. werve, muscie and synapse. ~cGraw-Hill, ~ew York. 
Kuba, K., 1969. The action of phenol on neuromuscular transmission in the red 
~cle of fish. Jap. J. Physiol., Yol. 19: 762-774. 

Livingston, J.M. aod J.T. Goodwin, 1974. The effect of low volume aerial 
dispersal of naled on aquatic habitat. United. States Air Force Environmental 
Health Laboratory, Kell Air Force Base, Texas EHl (K) 74-25 OCtober, 1974. 
AD-787653. National Technical Information Service, Sprinfield, Virginia, 
U.S.A. 

Lowry, O.H.: N.J. Rosebrough; A.L. Farr end R.J. Randail, 1951. Protein 
measurement with the folin phenol reagent. J. BioI. Chem., Yolo 193: 265-275. 

Matton, P. and ~.N. Laham, 1969. Effect of the organophosphate Dylox on rainbow 
trout larvae. J. Fish. Res. Bd. Can., Vol. 26: 2000-2193. 

Horgan, R.P.: R.F. Fleming; V.J. Rasin and D.R. Heimle, 1973. Sublethal effects 
of Baltimore Harbor water on the white perch, Morone americana and 
hogchoker, Trinects maculatus. Chesapeake Science., Vol. 14: 17·27. 

Otsuka,	 M. and Y. NononLIra, 1963. The action of phenolic Substances on mot.. · 
nerve endings. J. Pharmac. Exp. Ther., Vol. 140: 41·45. 

Prosser, G.L. and E. fernl, 1965. Effects of temperature on conditioned reflexes 
and on nerve conduction in fish. Z. Versl. Physiol., Vol. 50: 91-101. 

121 



Root., 1.1. a~ C.l. Prosser, 19~~. r~r8tur. ecc~lmatlon ~~ the ner¥~JJ 

system In fish. J. expo Biol., Vol. 39: 617-626. 
Rosenberry, T.l., 1975. Acetylchollnest~:8~~. in: Adv~nce. in Enzymology, 2/3, 

(~dlted by ~eister, A.), 103-218. 
• Ilver, A., 1974. The biology of ch~ll~~sterase&. ]4, (Edited by Neuberger, A. 

• ~ E.l. Tatum) North-Holland ,~terdam. 596 p. 
V~u,	 G. end K. Sachne, 1970. Red cet \ and ph:SIlI8 cholinesterase activities In 

..lcroa8q)les of l!UI\I!.;i end enmims. iJl{lo:~j determined simultaneously by a 
IIIOdlfied ac'!:W\thio(:l,'<ine/DTNB procedure. Toxic j!.;l;Jl. Phermac., Vol. 16: 
764-772. 

Weiss, C.M., 1961. r'!~;0~oglcel effect of organic phosphorus insecticides on 
several species of fi~lL '[r'~ns. Am. Fish. Soc., Vol. 90: 143-152. 

ciH l11.i1T.8, A.IC. loI:'cJ '. /:. :Z",-a, 1966. Acetylcholinesterase levels In brains of 
fllllh=. fr~ [jjJt~u~,,~! ;...H:~r$. ~;..;lletin of envirorwentel contamination and 
TO$.lcol~y., Vc~. ~: ~'5-204. 

128
 




