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Changes in the Blood of the Frog (Rana temporaria L.) after
Different Doses of Ekatin

Zmiany we krwi zab (Rana temporaria L) w zatruciu réznymi dawkami Ekatinu

The experiment with Ekatin demonstrated that this poison leads to
considerable changes in the blood morphology of quails, these modifica-
tions appearing much earlier in males than in females (7). This difference
is, in the Gromysz-Katkowska and Szubartowska (7)
opinion, connected with the high level of endogenous testosterone in males
which conditions a higher rate of Ekatin metabolism to more toxic meta-
bolites.

It may, therefore, be supposed that animals with a low metabolic rate
will be more resistant to the toxic influence of Ekatin. The question
arises, moreover, whether animals in which sexual activity is limited to
the seasonal, thus a relatively short period of reproduction, show a dif-
{erent reaction to poisoning in dependence on sex. For confirming these
supposition it was decided to evaluate the influence of Ekatin on the
blood morphology of males and females of frog Rana temporaria L. in
the autumn-winter season.

MATERIAL AND METHODS

Ekatin, the pesticide used for these studies, was obtained from Sandoz AG,
Switzerland. It contains 25% of the active substance thiometon — 0.0-dimethylodi-
thioptosphate-2(etylothio)ethyl and is classified as belonging to toxicity class II.

The studies were carried out on 110 frogs (55 males and 55 females), weighing
from 22 g to 54 g, throughout November and the first half of December. The animals
of each sex were divided into 4 experimental and 1 control group, each comprising
11 specimens. Those of the experimental groups were injected into the dorsal lym-
phatic sacs with Ekatin as suspension in 1 ml of amphibian Ringer’s saline. The
specimens. of experimental groups I, II and III were given single doses of the
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pesticide in amounts of 50, 100, or 300 mg/kg b.w., respectively. Tke animals of
group IV received 100 mg/kg b.w. of Ekatin daily for 3 days whereas the controls
were injected with 1 ml of saline only.

Blood was sampled from the heart 3 hrs. after administering the preparation
or physiological saline. The number of erythrocytes (RBC) and leucocytes (WBC)
was determined by the chamber method in Natt-Herrick diluting fluid (11), haemo-
globin level (Hb) by the cyanmethaemoglobin method and haematocrit value (Hct)
by the micromethod. Mean corpuscular volume (MCV), mean corpuscular haemo-
globin (MCH) and mean corpuscular haemoglobin concentration (MCHC) were
calculated in accordance with the models given by Wintrobe (21). The percentage
composition of leucocytes was calculated in preparations stained by the Pappen-
heim method. The number of erythroblasts per 1000 erythrocytes was determined
in the same preparations. The number of reticulocytes per 1000 erythrocytes was
determined in preparations stained in vivo with brilliant cresyl blue (15). The white
blood cell index was calculated following the formula given by Stankiewicz (16).

The results obtained were analysed statistically using Student’s t-test for in-
dependent data (Table 1). The value of p<0.05 was taken as statistically signi-
ficant (13).

RESULTS AND DISCUSSION

The changes in the erythrocyte system of frogs intoxicated with Eka-
tin depended both on the dose applied and the sex of the animals (Table 2).
The erythrocyte count fell after every dose applied in males, whereas
a decrease was noted in females only after 2 doses — the lowest and
the highest one. The remaining treatments increased this parameter
(Table 2, Fig. 1).

It may be that the decrease of the erythrocyte content after Ekatin
is due to their elimination from the circulation because of haemorr-
hages and formation of thrombi which were observed in all the examined
animals, notwithstanding the pesticide dose. Sulik and Tyszkie-
wicz (18) in acute poisoning with Foschlor observed damage to the
walls of blood vessels, with consequent leaking through them of serum
with blood cells to the surrounding tissue. The mentioned authors also
observed the swelling of the endothelial cells in capillary vessels, reducing
their patency and leading to clotting.

Probably the haemolysing action of Ekatin plays an essential role
in the reduction of the erythrocyte count. The cytolytic influence of this
pesticide was acertained by Truchlinski and Jablonski (20).
According to Gromysz-Katkowska and Szubartowska (7)
the depression of the erythrocyte parameters in quails poisoned with
Ekatin is due to the haemolytic effect of the pesticide. Other organo-
phosphorus pesticides also have a haemolytic influence on the morphotic
blood elements of mammals (19), birds (4) and amphibians (6).

The rise of the erythrocyte count in Rana temporaria females noted
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in the present experiments is probably connected with blood concentra-
tion caused by dehydration of the animals. Patyra et al. (14) explain
similarly the increase of the erythrocyte parameters by a concentration
of the cellular components owing to dehydration.

In spite of the reduced erythrocyte count in males the haematocrit
value is practically higher than in the group of control animals, this
being connected with the greater erythrocyte volume (Table 2, Fig. 1).
It seems that we are dealing here with the swelling of the blood cells
which have a relatively high ability of water absorption (3). The large
number of enlarged erythrocytes appears in the blood picture. Near them
there is a large number of huge naked nuclei, indicating that enlarged
erythrocytes easily burst. Similar changes were also observed by Gro-
mysz-Kalkowska and Szubartowska (6) in frogs intoxicated
with Trichlorfon.

The erythrocytes in intoxicated female frogs are in general smaller
than in control ones. The large percentage of erythrocytes, smaller and
more rounded than in the control frogs, can be observed. The increase
in the number of such erythrocytes may be considered as the organism’s
defensive reaction to the toxic effect of Ekatin. A similar fact was ob-
served in Rana temporaria after poisoning with Trichlorfon in 50 and
100 mg/kg b.w. doses (6).

It may be assumed on the basis of the above presented data that
changes in the erythrocyte count and haematocrit value after the applied
Ekatin doses are the resultant of blood cell swelling, their rounding,
various degree of haemolysis and also pathomorphological changes of
various intensity such as congestion extravasation.

A decrease in the reticulocyte count in both sexes after all Ekatin
doses (Table 2, Fig. 2) was noted. This may have resulted from the ready
haemolysis of these blood cells. It is also an indication of the low ef-
ficiency of the haemopoietic organs of the frogs. As demonstrated, name-
ly, in birds, Ekatin poisoning leads to a marked reticulocytosis and an
increase in the number of erythroblasts (7).

The changes in the haemoglobin level are not unidirectional either
in males or in females. Both an increase and a fall of these parameter
values have been noted (Table 2, Fig. 3).

It is possible that in the individuals in which intensive haemorhages
occurred, blood loss was compensated by its dilution, the haemoglobin
level fell, whereas, when erythrocyte disintegration dominated, the hae-
moglobin level remained high.

The differences in the reaction of male and female frogs to poisoning
with Ekatin may result from a somewhat different rate of biotransfor-
mation of the pesticide in both sexes. Biotransformation processes occur,
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namely, with the participation of microsomal liver enzymes, and the
activity of these enzymes is higher in males on account of the presence
of testosterone (12).

It would seem, therefore, that in males, in spite of the lack of sexual
activity in the experimental period, even a low level of this hormone
ensures a higher enzymatic activity, and thus, a higher rate of trans-
formation of the pesticide to more toxic metabolites. As demonstrated
by Gromysz-Katkowska et al. (8) testosterone is, thus, an es-
sential factor modifying the rate of metabolism of the Ekatin and the
toxicity of the pesticide to quails.

The data obtained indicate that the changes in the leucocyte system
of frogs receiving Ekatin depend on the dose of this substance. Thus,
after application of 50, 100 and 3X100 mg/kg b.w. of this agent neutro-
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phiiic leucocytosis with eosinophilia were noted together with slight lym-
pho- and monocytosis (Table 3, Figs. 4—17).

It seems that changes are connected with the stressogenic action of
Ekatin. The pesticide probably stimulates more the adrenal medulla to
zdrenalin secretion than the cortex cells to corticoid release. The do-
minant influence of adrenalin may also be conditioned by the retardation
of the adrenal cortex activity in the autumn-winter period, thus, with
low corticoid level in the experimental animals (1). The prevalence of
the activity of this catecholamine over that of corticoids leads to leuco-
cytosis which is the result of a uniform increase of the neutrophilic and
eosinophil granulocyte and lymphocyte number (10).

Administration of the pesticide in a 300 mg/kg b.w. dose caused
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changes typical of stress, namely, neutrophilic leucocytosis with marked
eosino- and slight lymphopenia (Table 2, Figs. 4—6).

The depressed eosinophilia may be due to migration of these cells
to the sites affected with destructive changes in the course of which
histamine accumulates. Eosinophilia contributes, namely, to the capture
and inactivation of histamine. This supposition seems correct since the
highest dose of the insecticide produced the highest pathomorphological
change. It also finds confirmation in the pronounced monocytosis (Table 2,
Fig. 6) noted after the 300 mg/kg b.w. dose. Monocytosis is probably the
result of the enhanced activity of the reticuloendothelial system as re-
sponse to the pathomorphological changes in the tissues. In this situation
mechanisms have to be set in operation which would remove the con-
sequences of destruction.

To sum up, it may be affirmed that changes in the blood of frogs
poisoned with Ekatin are in principle the result of the haemolysing action
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of this pesticide and its destructive effect on tissues. The changes chara-
cteristic of states of stress, on the other hand, are much less pronounced
in frogs than in birds intoxicated with this agent (7) and also with other
organophosphorus compounds (4, 5). This results seemingly from the
lower sensitivity of amphibians to organophosphorus pesticides. Edery
and Schatzberg-Porath (2) report, namely, that LDs, of Para-
oxon for frogs is 91 mg/kg b.w., whereas for mice it is as low as 1.13 mg/kg
b.w. The authors attribute these results to the very rapid detoxication
of the pesticides in the amphibian organism.

The cause of the resistivity of frogs to poisoning may be the lower
affinity of choline esterase to the organophosphorus inhibitor. According
to Kossakowski (9) the differences between species in susceptibility
to intoxication with organophosphorus compounds is connected among
other things with the affinity of the above named enzyme to the pesti-
cide.

It should also be noted that in frogs anoxia of the organism character-
istic of poisonings with organophosphorus pesticides is probably less acute
on account of their respiration through the skin.
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The high intensity of changes in the blood revealed in the present
investigations seems to indicate either a slower Ekatin decomposition
than that reported by Edery and Schatzberg-Porath (2) or,
if we assume that the metabolic changes are rapid, the products of pesti-
cide decomposition are, however, excreted slowly and it is that they have
an unfavourable influence on the organism. As demonstrated by Stud-
nicka (17), Trichlorfon excretion from the organism of the carp lasts
about two weeks.

It seems, thus, that the haematological changes in frogs poisoned with
Ekatin are mainly the effect of its destructive effect and of the mech-
anisms removing the consequences of destruction, whereas the general
systemic influence of this agent is not very well pronounced.
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STRESZCZENIE

Badania wykonano na samcach i samicach zab (Rana temporaria L.) zatrutych
jednorazowo Ekatinem w dawkach 50, 100 i 300 mg/kg m.c. i 3-krotnie dawkg
100 mg/kg m.c. Zmiany w ukladze czerwonokrwinkowym intoksykowanych zwierzat
uzaleznione byly zaré6wno od dawki stosowanego pestycydu, jak i od pici i stanowily
wypadkowa pecznienia krwinek, ich zaokraglania sie, réinego stopnia hemolizy,
a takze réznego nasilenia zmian patomorfologicznyck typu przekrwien, krwawych
wylewéw i krwinkotok6éw. Zmiany w ukladzie bialokrwinkowym zalezaly od dawki
Ekatinu. Mniejsze dawki nie dawaly objawéw typowych dla stresu, dopiero dawka
najwyzsza powodowata charakterystyczne zmiany stresowe.

Brak reakcji stresowej moze wynikaé z malej wrazliwosci ptazéw na zatrucie,
uwarunkowanej prawdopodobnie niewielkim powinowactwem esterazy cholinowej
do inhibitora fosforoorganicznego. Moze on réwniez byé zwiazany z uwstecznieniem
kory nadnerczy u zab w okresie jesienno-zimowym, a tym samym z przewagg
wplywu katecholamin nad kortykoidami.



