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The purpose of the present work was to examine the
toxicity of fish flesh infected with dead Anisakis larvae by
feeding it to white mice at different qualitative and quanti-
tative compositions.

The toxicity of fragmented fresh larvae and those previo-
usly subjected to the action of different temperatures was
also studied.

INTRODUCTION

There is a great possibility of the direct contact of man with Anisakis larvae, since they
are common Jparasités in very many species of sea-fishes. They occur, as a rule, in the
abdominal cavity of fishes and are well seen with the naked eye on the intestine, but
happen to pierce into the muscles and then are hard to perceive.

- There are fish species in which exceptionally many larvae penetrate into the skeletal
muscles. One of them is the blue whiting (Micromesistius poutassou Risso, 1826),
infested in nearly a hundred per cent, in whose muscles we found several tens of larvae
per fish.
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The exposure of fishes to low (below —20°C) and high (above +:60°C) temperature and
also adequately concentrated brine (above 20° Bé) or primary marinating bath (7% of ace-
tate acid and 15% of common salt)killthe 4nisakislarvae and thus people are out of danger
to became infected with them. Nevertheless, toxic properties of the tissues and body fluids
of the nematodes remaining dead in the muscles of fishes may come into play and in the
case of heavily infested fishes they may cause poisoning in man.

This is of particular significance considering the planned production of fish mince for
ready-to-cook products aiming at the most economic utilization of the large amount of
fish flesh left after filleting or from fishes unsuitable for filleting. A great many fra-,
gmented Anisakis larvae may occur in such mince.

The aim of this paper is to clear out this problem.

MATERIAL AND METHODS

Standard class CFN mice, females, red in colour acc. to Lene-Petter’s scale, appro-
ximately one month old and on the average 16.0 g in weight, bred at the Laboratory of
Experimental Animals at Przezniewo near Poznan were used in this experiment.

Frozen mince of blue whiting (Micromesistius poutassou) was used for our study. It
was very heavily contaminated with pieces of Anisakis larvae of various size, there being .
also occasional whole larvae in it. Assuming that on average 10 pieces corresponded to
a whole larva, 100 g of mince contained 4.7. Anisakis larvae.

In our experiment fresh larvae of Anisakis simplex, removed from Baltic herrings and
stored alive in common saline at 2—4°C in the refrigerator were also used.

The mice after an adaptation period were divided into four groups with respect to the
diet fed and its quantitative composition:

I. The control group (20 mice) was given a basic diet: oat flakes, milk powder and
water — ad libitum.

II. The animals of this group were fed on blue whiting mince given in different weight
proportions in three sub-groups of four mice each:
1. thawed blue whiting mince and oat flakes.in the weight ratio of 1:2, water — ad

libitum;

2. thawed blue whiting mince and oat flakes in the weight ratio of 1:1, water -- ad
libitum; :

3. thawed blue whiting mince and oat flakes.in the weight ratio of 2:1, water — ad
libitum.

II. The mice of this group were supplied with the basic diet of oat flakes, milk powder
and water with an addition of fragmented living Anisakis larvae, put into their
oesophagus by means of a pipette. The experiment was carried out in three subgroups
of 11 mice each. Each mouse received:

1. one larva in subgroup 1,
2. three larvae in subgroup 2, and
3. five larvae in subgroup 3.
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IV. The mice of this group were given feed with Anisakis larvae in the form of homo-
genate subjected to thermal action. The experiment was made in three subgroups of
9—11 mice each. The mice received respectively:

1. blue whiting mince dried for 48 hours at 70°C and water ad libitum;

2. the basic diet as in the control group and homogenate of 3 living 4nisakis larvae
after treating them with the temperature of 100°C for 2 hours. The homogenate
was administered into the oesophagus of mice by means of a pipette;

3. the basic diet and homogenate of 3 Anisakis larvae already treated with the
temperature of minus 25°C for 72 hours.

The suspension of larval fragments and homogenate were prepared in distilled water,
not exceeding 1 ml per mouse. They were introduced into the oesophagus of mice using
a narrow bent pipette or one-millimetre syringe ending in a fine catheter.

A daily check for feed consumption was made in each experimental group.

After 10 days of such experiment, feeding was stopped .and the mice were weighed.
The increase in body weight was calculated and the animals were killed by means of
decapitation. ‘

A dissection was carried out for close anatomo-pathological inspection of the internal

-organs: the liver, kidneys, spleen and alimentary canal. Finally, the percentage ratio of
the weight of these organs to the body weight of the mice examined was calculated. The
results obtained were subjected to the statistical analysis by the formula

M; -M; > 3
Vim} —m3
where M, is the arithmetic mean of the weight of particular organs in control mice, M, —

the arithmetic mean of the weight of these organs in experimental mice, and mf and m;
the mean errors of standard deviation.

The results obtained are presented in graphs (Figs. 1 and 2) and diagrams (Figs. 3,4
and 5). '
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Fig. 1. A relationship between the increase in the body weight of mice and the share of fish mince in
the diet (experimental group II). W — increase in the body weight of mice in percentage; Wf — per-
. centage share of fish mince in the diet of mice
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] 3 3
Fig. 2. A relationship between the increase in the body weight of mice and the number of killed

Anisakis larvae introduced into the oesophagus of mice (experimental group III). W — increases in the
body weight of mice (in %); N — number of Anisakis larvae
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Fig. 3. Effect of fish mince in the diet of mice on the increase in their body weight (experiméntal
group II). W — increases in mouse weight (in %); K — control; 1, 2, 3 — serial number of experiments
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Fig. 4. Increases in the body weight of mice receiving killed Anisakis larvae (experimental group III).
W — increases in the body weight of mice (in %); K — control; 1, 2, 3 — serial number of experiments
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Fig. 5. Increases in the body weight of mice receiving homogenates of Anisakis larvae, subjected to the
action of different temperatures prior to the experiment (experimental group IV). W — increases in the
body weight of mice (in %); K — control; 1, 2, 3 — serial number experiments
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" RESULTS

In group II of experimental mice fed on thawed blue whiting mince infested with
Anisakis larvae the normal increase in body weight was found to be lower related to the
percentage increase of the mince in the diet. Straight relationship was observed and the
equation line is assuming the form:

- W=12.26-0.16 Wf

where W is the percentage increase in body weight and Wf the percentage share of fish
mince in the diet (Figs. 1 and 3).

This result indicates the negative effect of fish flesh on mice, that must be taken into
consideration as far as a whole experiment is conceived. Gibson (1970) drew his attention
to the analogous effect of fish flesh in food on the condition of rats; he observed a small
fall in body weight and the dulling of the fur of these animals.

‘As it is seen from further part of experiment (group IV of mice), the presence of
Anisakis larvae in the mince is here of no importance, since the mince was frozen earlier
and thus the toxins of the nematodes was destroyed.

In gro‘up III the experimental mice were fed on the normal diet with an addition of
living larvae cut info pieces, and then the increase in the body weight of the mice was
found to be smaller with simultaneous increase in the number of Anisakis larvae given to
them. '

Straight relationship was observed and the equation line is expressed by the formula

W =10.56—133N

where W is the percentage increase in body weight and N — the number of Anisakis larvae
(Figs. 2 and 4).

As regarde group IV, in addition to the normal diet the mice were supplied with the
homogenate of living Anisakis larvae subjected to the action of different temperatures.
The increase in the body weight of the mice was similar to that of the control groups. The
differences observed were statistically non-significant (Fig. 5).

A dissection for anatomo-pathological inspection has pointed out the strong
hyperaemia of mucosa of the stomach and the first section of the duodenum in mice
supplied with fresh Anisakis larvae (group III). It looks like the catarrhal state in the
inspected pieces of the alimentary tract. ,

In addition to the above-discussed experiments, three other ones were carried out to
examine the influence of fish mince dried at 70°C and added to the basic food (oat
flakes) in the ratios of 1:2, 131 and 2:1. This sort of food was easy taken by the mice.
The stomachs of the mice were closely filled with it and probably these contents had
a bearing on the very high increases in the weight of mice, which were respectively 35.20,
29.90 and 11.11%. In this case, as in the group II, we observed the tendency to decrease
the gain on the weight of the animals being under the experiment.

For comparison one group of mice were given a mixture of equal parts of mince of
fresh Baltic cod, non-infested with Anisakis larvae, and oat flakes and then the increases
in the body weight of mice were 6.67% In an analogous experiment when the mice were



Studies on the toxicity ... 9

supplied with thawed blue whiting mince (group II, subgroup 2) this increase was hardly
more than a half of that value. This may be due to a lower nutritive value of blue whiting
flesh infested heavily by parasites and also to the differences in the quality of the fish
products between different fish species.

Statistical analysis of the weights of particular organs of mice in all experimental groups
in comparison with the corresponding weéights of the control mice showed that the diffe-
rences between them were not significant. This fact points to the lack of selectivity of the
toxins in relation to the organs examined and to their action on the general metabolism
of mice.

DISCUSSION

Experimental. animals, such as rabbits, rats, guinea pigs and dogs, have been used for
studies on the properties of Anisakis larvae for a long time.

The experiments were carried out specially in relation to the invasions of larvae
(Myers, 1963; Asami and Inoshita, 1967), their pathogenicity (Oyanagi, 1967; Ruiten-
berg, 1970) and as the effect of different compounds on the metabolism of larvae in
connection with the search for effective remedies for anisakidosis in man (Hamajima et
al., 1969).

Studies were also performed on the antigenic properties of larvae and on the methods
for detecting their invasion in vivo (Suzuki et al., 1969; Taniguchi, 1970), on the amino
acid composition of these larvae (Oichi et al., 1972) and other problems, but no papers
have been hitherto published that investigate the harmful effect of fish body and the fish
products contaminated with dead larvae and to determine the degree of their toxicity to
the mammalian organism.

Although mice are omnivorous animals, they were not insensible to the presence of
both fresh and dried fish mince in their food. As the effect of their reaction was a con-
siderable fall in body weight, when the doses of fish flesh increased in the diet of mice.
Such effect was also observed by Gibson (1970), who fed fish to rats infested with living
Apnisakis larvae introduced directly into their stomach by laparotomy.

In further experiments fish mince was eliminated from the diét of mice so that the
proper reactions of mice to dead Anisakis larvae are not be obliterated (experiments III
and IV).

CONCLUSIONS

The following conclusions have been drawn on the basis of these investigations.
1. Freshly killed and divided to pieces Anisdkis larvae- given to mice in feed exert an
unfavourable effect on them. They cause a fall in the body weight of mice and that fall
- grows with the increase of the doses of larvae in feed. They also disturb the alimentary
tract .of mice. As an effect of this action the catarrhal state of the stomach and the
first section of the duodenum was observed.
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2. Anisakis larvae in the form of homogenate,’exposed to the action of temperature (—25
and +100°C), have no harmful effect on mjce. Both, low and high temperature
destroy the toxins produced by these larvae.

3. The tpxins of Anisekis larvae show no selectivity: in relation to the abdominal organs
(liver, kidney, spleen), but they act on the mouse organism as a whole, bringing about
d general fall in body weight.

4. Fishes added to diet of mice in the fresh or dried form are not absorbed by them, so
its presence in feed gives a fall in their body weight.

REFERENCES

Asami K. and Inoshita Y., 1967: Experimental anisakiasis in guinea pigs; Factors influencing infection
of larvae in the host. Jap. J. Parasit., 16, 6:415—-422.

Gibson D.I.,, 1970: Aspects of the development of “Herringworm” (Anisakis sp. Larva) in
experimentally infected rats. Nytt. Mag, Zool. 18:175-187.

Hamajima F., Yasuhiro Ch., Nishihara S., 1969: The action of allyl.-, phenyl-iso-thiocyanate and
bithionol on glycolytic and oxidative metabolism in the larvae of a nematode, Anisakis sp. Jap.
J. Parasit. 18, 5: 498—504.

Myers B.J., 1963: The migration of Anisakis-type larvae in experimental animals. Can. J. Zool.
41: 147-148.

Oishi K., Oka S., Huraoka M., 1972: Food Hygienic Studies on Anisakis Larva. II. Free and Combined
Amino Acid Composition of Anisakis Larvae (the 3 rd Stage) from Alaska Pollack. Bull. Jap.
Soc. Sci. Fish. 38, 1: 69-72.
Oishi K., Oka S., Huraoka M., 1972: Food Hygienic Studies on Anisakis Larva. III. Effect of Gamma
Irradiation on Anisakis Larvae in Saline Solution. Bull. Jap. Soc. Sci. Fish, 38, 2: 133—-136.
Oyanagi T., 1967: Experimental studies on the visceral migrans of gastro-intestinal walls due to
Anisakis larvae. Jap. J. Parasit. 16, 6: 470—493..

Ruitenberg E.J., 1970: Anisakiasis — Pathogenesis, Serodiagnosis and Prevention. Utrecht.

Sizuki T., Shiraki T., Otsuru M., 1969: Studies on the immunological diagnosis of Anisakiasis II.
Isolation and purification of Anisakis antigen. Jap. J. Parasit. 18, 3: 232—240.

Taniguchi M., 1970: Comparative study on Anisakis adult and larva antigens. Jap. J. Parasit. 19,
3:254-257.

Translated: mgr Jerzy Zawadzki

BADANIA NAD TOKSYCZNOSCIA LARW ANISAKIS SIMPLEX (RUD.)
CZESC 1. PROBA BIOLOGICZNA NA BIALYCH MYSZKACH

- Streszczenie

Badania nad toksycznoscia migsa rybiego, zanieczyszczonego martwymi larwami Anisakis, prze-
prowadzono na myszkach, ktérym podawano rézne zestawy jakosciowe i ilosciowe karmy.

Po 10 dniach doswiadczeri myszki waZono i obliczano przyrosty cigZaru ciata a nastgpnie zabijano
przez dekapitacje. Wykonano sekcje anatomo-patologiczna narzadéw wewnetrznych oraz obliczano
w procentach stosunek cieZzaru watroby, nerki i Sledziony do cigeZaru badanych myszek. Przepro-
wadzono analize statystyczna uzyskanych wynikow.

Na podstawie przeprowadzonych doswiadczen ustalono, Ze:

1. Swiezo zabite rozdrobnione larwy Anisakis oddzialuja ujemnie na mf/szki przy podawaniu ich

w karmie, powodujac spadek cigzaru ciata myszek zwiekszajacy sie w miare zwigkszania dawki
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larw. Wywotujg one réwniez silne przekrwienie $luzéwki Zotadka oraz poczqtkowej czesci dwu-
nastnicy, wskazujace na mezyt tych odcink6w przewodu pokarmowego.

2. Larwy Anisakis w postaci rozdrobnionej poddane dziataniu temperatur. -25°C i +100°C nie
wykazuja ujemnego wptywu na myszki, co swiadczy, Ze ich toksyny ulegly zniszczeniu przez
dziatanie temmiczne.

3. Toksyny larw Anisakis nie wykazuja dziatania wybiérczego na narzady migZszowe (watroba, nerka,
$ledziona) lecz oddziatuja ogblnie na caty organizm myszki.

4. Mieso rybie w postaci $wieZej lub suszonej nie jest przyswajane przez myszki lecz obecno$é jego
w karmie powoduje spadek cigzaru ciata myszek. Fakt ten moze zacieraé wtasciwg reakcje myszek
na pasozyty.

UCCIETOBAKUA HAZ TOKCUYHOCTED NMYMHOK ANTSAKTS SIMPIEX (RUD.)
I BUONOTMYECKUN OMNT HA BEMHX MHIAX

PeswouMe

Hccnenosatiusas HaZ TOKCHUYHOCTEI MACH PHO, 33aDPa®EHHOTO MEPTBHMM JIHUUHKAMU
Anisakis, OHIM MPOBEZEHH HA GEJHX MHWAX, KOTODHM ZaBaMM DASANUHHE 0 KO-
INUECTBEHHOMY M KaueCTBEHHOMY -COCTaBY. KODME.

Mocne 10 zHe# NPOZONXEHUs ONHTOB MHUEH! B3BEOMIN U ONpezeNnay HPUPOCT Bo~
ca Tena, a 3aTeM YMEPTBUIN NMyTEM ZeKanuUTanuu., 3aTeM MPOBeNM aHATOMO-IaTO-
JOTUYECKOE BCKPHTME BHYTPEHHUX OPTAHOB M BHWICIMIM B NPOLEHTAX OTHOmEHUE
Beca NeuUeHu, NMOUKN W CEeNe38HKM K BECYy -Tela UCCTISTY BMHX MBIIIGH o

Ha ocHOBe NMPOBEZEHHHX ONHTOB YCTAHOBIEHO, UTO:

1. CBexeyMepLBIEHHHE U3MENbYEHHHE NUYHMKN Anisakis. OTPHUATENBHO BO3AeHCT-
BYDT HA MHIGJ NpM MOZA¥e UX C KODMOM, BH3HBASA yMEHBIEHUE BECA TENa MH=
meit, BospacTapmee 0 Mepe YBEAWUEHWS AOSH NWUMHOK. OHM BHBHBANLT CUIb-
Eyl0 TPHIEepeMUl CIM3UCTOR OGOJMOUKM EeXyZKa ¥ HadyalbHOK 0o6nacTH ZBEHaZua-
TUNEPCTHOA KULKM, CBULSTENBCTEYH TEM CaMuM 0 KaTape BTUX YUACTKOB XeJy-
ZOYHO-KMIEYHOTQ TPaKTa, ]

2. InuuHky Anisakis B U3MENBUEHHOM Bmié, NOZBEPTHYTHE ZefiCTBUL TeMIepaTyp
-25% u + fOOOC, He NpOfBIAOT, OTPUIIATENBHOTO BO3ZEiCTBUA Ha MHIeElt, 4TO
CBUAETENBCTBYET O TOMy.YTO WX TOKCMHH IIOZBEPTINCH Pa3pyUeHUO IpU Tep-
MUUECKOM BO3ZEHCTBUL,

3, TOKCHMHE AMUYMHOK Anisakis BO3ZEHCTBYyWT He HA OTZeNbHHE NADEHXUMHHE Op-
raHd (IeueHb, NMOYKM, CENe3EHKA), a Ha BECH OpTAHMU3M Mulell B LeioM.

4, Msco pué B cnemeﬁ UnM Cym€HOM BMAE MHIM HE yCBauBawT, a- HAIWUME €T0 B
KOpMe BHBHBAET yMEHBIEHNE Beca Teja Milleil. DTO MOXET OCIaGIATH IpaBWIb-
HYO peakuupo Muuejl Ha NOpUCYTCTBUE NEpPa3UTOB.
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