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Widespread pollution of inland waterbodies stimulates intensive studies on effect
of pollutants on different systems of hydrobionts. One of the poorly studied
problem concerns the toxic effects upon digestive function in fish. Potentially, any
toxic substance present in the environment may negatively influence any stage of
the process of exotrophy, including the stage of digestion. The latter depends
largely on the normal functioning of digestive enzymes. Direct or indirect effects
of range of toxicants upon fish digestive enzymes have been reported (Gupta,
Sastry 1981, Gill et al. 1991, Kuz’mina, Golovanova 1992, Golovanova et al.
1994,) .  Previous s tudy on chronic  effects  of  organophosphorous insect ic ide
DDVP, polycyclic hydrocarbon naphthalene and heavy metal cadmium has shown
that cadmium inhibited intestinal total amylolytic activity in Mozambique tilapia
(Oreochromis mossambicus) (Golovanova et al. 1994). The main goal of the
present  s tudy was to examine the chronic effects  of  the same toxicants  on
intestinal total proteolytic activity in tilapia.

MATERIALS AND METHODS

Six-months old Mozambique tilapias (average weight 6.2 g at the beginning of
the experiment), obtained from the stock population raised in laboratory for
several generations, were used in the study. The fish studied here were the same as
in  t he  expe r imen t  wh ich  p ro toco l  was  de sc r ibed  i n  more  de t a i l s  e a r l i e r
(Golovanova et al. 1994). Briefly, the separate groups of fish were exposed
flow-through for 6 0  d a y s  t o  0 . 4 6  m g / L  D D V P  [ 0 , 0 - d i m e t h y l - 0 - [ 2 , 2 -
dichlorovinyl] phosphate, technical grade, 80% of active ingredient), 1.5 mg/L
naphthalene (96% pure technical  grade)  and 5.0  mg/L cadmium (cadmium
sulphate, chemical grade). The fourth group kept in the flowing well water served
as control. Tested concentrations were approximately equal to 1/15 of LC 50 fo r
t i lapia  (Frumin et  a l .  1992) .  The concentrat ions of  tes ted toxicants  were
maintained in the flowing aquaria water at constant level using original diluter
system (Pavlov, unpublished ). Since we followed single pass flow-through
protocol with the water exchange rate of about 4 volumes per day no repeat tests
to account for the toxicant loss due to absorption on the tank walls, food and feces
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were ran. The exposure to toxicants was followed by 60-day recovery period in
clean water. During the experiment the fish were fed ad libitum commercial trout
chow containing 46 g crude protein, 20 g fat, 18 g carbohydrates, and 16 g ash
/100 g.

T h e  f i s h  ( N = 6 ) ,  s a m p l e d  o n  d a y s  1 5 ,  3 0 ,  4 5  a n d  6 0  o f  e x p o s u r e  a n d
recovery periods, were decapitated, their intestines were removed, placed on ice
and weighed. After this the thyme was also removed and weighed. According to
the recommendat ion by Ugolev and co-workers (1969), in order to prevent
contaminat ion of  the thyme by microvil lar  membrane at tached proteolyt ic
enzymes the thyme was removed from the incised intestine using very soft plastic
spatula. All preparation procedures were performed at 0-4°C. Total proteolytic
activity (activities of trypsin EC 3.4.21.4, chymotrypsin EC 3.4.21.1, and range of
dipeptidases 3.4.13.1 - 3.4.13.11) was determined in homogenated intestinal
tissues (consisting of mucosa, muscles and serose) and thyme by the modified
method of Anson (1938). Casein (1%, chemical grade, NPO “Biolar” Latvia) was
used as a substrate according to condition of the Anson’s technique. Substrate
and homogenates were prepared on Ringer’s solution. The homogenates were
incubated with substrate at 37°C for 30 min, and the reaction products were
stained with Folin phenol reagent and read at 597 nm (spectrophotometer SF-46,
LOMO, St .  Petersburg,  Russia) .  The protein  content  was determined using
Lowry technique (Lowry et al. 1951). Specific total proteolytic activity (activity
per 1 g of protein) and summary proteolytic activity (sum of the total proteolytic
activities in the intestinal tissues and thyme) were calculated. Specific activity
was calculated only for intestinal tissues since protein content in thyme is largely
dependent on protein content in food. All trials were carried out in 2 replicates.
The results of the study were statistically analyzed using ANOVA procedure,
followed by Tukey’s Honestly Significant Difference Test for difference of means
(Sokal and Rohlf 1995), at a 5% level of significance.

RESULTS AND DISCUSSION

DDVP and naphthalene exposures did not result in significant changes in total
proteolytic activity in tilapia intestinal tissues (Table 1). Exposure to cadmium
resulted in gradual decrease in the enzyme activity, statistically significant after 15
and 60 days of exposure (P=0.019 and P=0.0001, respectively). Specific activity
decreased significantly (P=0.0008) only after 15 days of exposure to cadmium
(Table 1). After termination of the exposure, during all recovery period, the
proteolytic activity was insignificantly increased in the fish exposed to DDVP and
naphthalene. All fish exposed to cadmium died at the end of recovery period. At
the end of experiment specific proteolytic activities both in the control and in the
fish exposed to DDVP and naphthalene did not differ significantly from the initial
values. Total proteolytic activity in thyme varied considerably both in the control
and exposed fish. Significant decrease in this activity was found only in the fish
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exposed to cadmium (Table 1). It must be noted, that the fish exposed to this
toxicant ceased feeding after first month of exposure and actually did not feed
further. During the recovery period thyme total proteolytic activity remained
unchanged in the fish exposed to DDVP. In the fish exposed to naphthalene it
was slightly increased while in the fish exposed to cadmium it was absent (equal
to zero). The changes of the summary proteolytic activity in the intestinal tissues
and in thyme exhibi ted s imilar  pat terns.  However,  the effects  of  cadmium
(dec rea se  i n  ac t i v i t y )  and  naph tha l ene  ( i nc r ea se  i n  ac t i v i t y )  we re  more
pronounced.  Thus,  the act ivi ty of  proteinases was s ignif icant ly increased
(P=0.0001) after 60 days of exposure to naphthalene, and significantly decreased
after exposure to cadmium for 15, 45, 75 and 90 days (P<0.00001, P=0.0003,
P<0.00001 and P=0.0019, respectively).

Studied toxicants, under exploited experimental conditions, affected the chains of
carbohydrases (Golovanova et al.1994) and proteases by similar ways: DDVP
had no effect, naphthalene caused slight increase, and cadmium induced marked
dec rea se  i n  ac t i v i t i e s .  The  t r ends  o f  enzyme  ac t i v i t y  changes  i nduced  by
naphthalene and cadmium exposures are especially evident in relation to data on
thyme and summary activity of intestinal proteinases. Average thyme proteinase
activities in the fish exposed for 60 days to naphthalene are 48.7% higher and to
cadmium, 77% lower, comparing to the control. Summary intestinal proteolytic
activities differ less: naphthalene exposure resulted in it 18.8% increase, cadmium
exposure in  54.4% decrease comparing to  control  values.  Studied toxicants
affected the intestinal cavity enzymes to the higher extent than the intestinal
tissues enzymes. The enzymatic activities in the intestinal tissues relate mainly to
the processes of membrane and intercellular digestion taking place in mucosa. In
the thyme, the enzymatic activities relate mainly to the intestinal cavity and
cavital digestion. These facts with respect to the results of our study suggest that
the enzymes of the pancreatic origin dominating in the intestinal cavity (Ugolev,
Kuz’mina 1993) are more susceptible to toxic impacts.

The data presented here are in a good accordance with the data on the chronic
negative effects of mercury and cadmium chlorides on the gut trypsin activity in
the cattish (Heteropneustes fossilis) (Gupta, Sastry 1981). In our in vitro s t u d y
significant decrease in total proteolytic activity in intestinal tissues was observed
only at the highest tested cadmium (as cadmium sulphate) concentration of 50
m g / l  i n  p i k e ,  w h i l e  i n  o t h e r  1 2  s p e c i e s  o f  f r e s h w a t e r  t e l e o s t s  e v e n  t h i s
concentrat ion caused only stat is t ical ly insignif icant  decrease in the enzyme
activities (Kuz’mina, unpublished).  Consequently, we suggest that in the chronic
experiments we observed not a direct molecular effect of cadmium upon the
enzymes but most likely the indirect effects through whole fish organism. It was
shown earlier that chronic cadmium exposure decreases the intensity of feeding in
bream by suppression the motivat ion to  feed (Gerassimov et  a l .  1991) .  The
cessation of feeding noted in the present study suggests that the absence of
substrate (i. e., food) could be the most important factor contributed to observed
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Table 1. Effects of exposure to DDVP, naphthalene and cadmium, and of subsequent recovery on proteolytic activity in the intestinal tissues and
thyme in Mozambique tilapia (Oreochromis mossambicus).

Values are presented as mean (activity in µmol·g -1·min -1)± SE; N=6. 1- significantly different from control P<0.05; 2 - N=2; 3 - N= 1; n/d - not
determined due to technical reasons; --- not determined because all fish were died. Abbreviations used: IT - total proteolytic activity in the
intestinal tissues; IS - specific total proteolytic activity in the intestinal tissues; ChT - total proteolytic activity in thyme; Sum - summary
proteolytic activity in the intestinal tissues and thyme.



enzymatic  effects .  That  is ,  the “substrate  regulat ion” of  enzymatic  act ivi ty
(Gruzdkov et  a l .  1981)  is  presumably the main mechanism control l ing the
proteinase activities under the influence of toxicants tested in our study. As
indirect proof of this presumption is the similarity in the effects of cadmium on
the intest inal  t issues proteolytic and on the specif ic  act ivi t ies (Table 1) .
Comparative inertness of the intestinal tissues is more likely due to long life of
fish enterocytes and due to less pronounced influence of toxicants on the activity
of the enzymes of the proteinase chain having intestinal origin. Considerable
tolerance of tilapia digestive proteinases to the effects of toxicants of different
natures (especially to DDVP and naphthalene) may contribute to the general
tolerance of Mozambique tilapia to toxic impacts. Thus, the study revealed that
tested toxicants under present experimental conditions have different effects on
the level of total proteolytic activities in tilapia intestine. Cadmium has the most
pronounced inhibitory effect, which to a high extent is due to decrease in the
intensity of fish feeding.

Acknowledgment. We thank Dr. I. Golovanova and Mrs. L. Zhilina for help in
sample preparation.

REFERENCES

Anson M. (1938) The estimation of pepsin, trypsin, papain and cathepsin with
hemoglobin. J. Gen. Physiol. 22: 79-83.

Frumin GT, Chuiko GM, Pavlov DF, Menzykova OV (1992) New rapid method
to evaluate the median effect concentrations of xenobiotics in Hydrobionts.
Bull. Environ. Contem. Toxicol. 49: 361-367.

Gerassimov YuV, Pavlov DF, Chuiko GM (199 1) Feeding behaviour of bream
under chronic cadmium exposure. In: Pavlov D and Gussar A (eds) Fish
behaviour. Proc. All-Union Sci. Conf., IEMEZh publications, Moscow,
pp. 196-203 (in Russian).

Gill TS, Tewari H, Pande J (1991) In vivo and in vitro effects of cadmium on
selected enzymes in different organs of the fish Barbus conchonius H a m .
(Rosy barb). Comp. Biochem. Physiol. 100C: 501-505.

Golovanova IL, Chuiko GM, Pavlov DF (1994) Effects of cadmium, naphthalene
and DDVP on gut carbohydrases activity in bream (Abramis brama L.) and
Mozambique tilapia (Oreochromis mossambicus Peters). Bull. Environ.
Contam. Toxicol. 52: 338-345

Gruzdkov AA, Gusev GM, Ugolev AM (1981) The three-compartment enzyme
system of the enterocyte relating to its digestive and barrier functions. In: GY
Mozsik, O. Hanninen, T Javor (eds) Gastrointestinal defence mechanisms.
Pergamon Press, Akademiai Kiado, Budapest; pp. 303-314.

Gupta PC, Sastry KV (1981) Effect of mercuric chloride on enzyme activities in
the digestive system and chemical composition of liver and muscles of the
catfish, Heteropneustes fossilis. Ecotoxicol. Environ. Safety. 5: 389-400.

197



Kuz’mina VV, Golovanova IL (1992) Effect of some anthropogenic agents on
tilapia digestive hydrolases. In: LP Rizhkov (ed) Ecological physiology and
biochemistry of fishes. Karelian Research Centre Publ., Petrozavodsk,
Russia. pp. 174-175 (in Russian).

Kuz’mina VV, Golovanova IL (1994) Hydrolytic functions of alimentary canal in
tilapia, Oreochromis mossambicus Peters. Biol. Inland Waters. Inform. Bull.
97: 40-49 (in Russian).

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein measurement
with the Folin-phenol reagent. J. Biol. Chem. 193: 265-275.

Sokal RR, Rohlf FJ (1995) Biometry. W.H. Freeman and company. Third edition;
N.Y, USA.

Ugolev AM, Kuz’mina VV (1993) Digestion processes and adaptation in fish. St.
Petersburg, Russia, Hydrometeoizdat (in Russian).

Ugolev AM, Kuz’mina VV (1994) Fish enterocytes  hydrolases.  Nutr i t ion
adaptation. Comp. Biochem. Physiol. 107A: 187-193.

Ugolev AM, Iezuitova NN, Masevich TG, Nadirova TY, Timofeeva NM (1969)
Study on digestive apparatus in human beings. Review of modern methods.
Leningrad, Nauka (in Russian).

198


