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Summary.
The intestinal phase of experimental trichinellosis in CBA mice and Wistar rats is modi

fied by the intraduodenal injection of prostaglandin (PG) and, to a greater extent by 
PG E2. The resulting changes are dose-dependent and are a function of the point of the 
infectious cycle at which the injection is performed. Three dose-related phenomena are thus 
observable : a delay, an acceleration of the process of expulsion of adult worms or no effect, 
the latter arising if the prostaglandins are injected later in the cycle. Under the same condi
tions, no significant effects are exerted by PG A, B or F, by histamine or by serotonin.

Résumé.
L’influence des prostaglandines et des amines vasoactives sur la phase intestinale 

de la trichinose expérimentale chez la souris CBA et le rat Wistar.

La phase intestinale de la trichinose expérimentale chez les souris CBA et les rats Wistars 
est modifiée par l’injection intraduodénale de prostaglandine (PG) E1 et, dans une plus large 
mesure, de PG E2. Les changements qui en résultent dépendent de la dose et sont fonction 
du moment du cycle infectieux auquel l’injection est pratiquée. Trois phénomènes en relation 
avec la dose sont ainsi observables : soit un retard, soit une accélération dans le processus 
d’expulsion des vers adultes, ou encore aucun effet ; ce dernier survenant dans le cas où les 
prostaglandines sont injectées tardivement dans le cours du cycle. Dans les mêmes conditions, 
aucun effet significatif n’est observé par les PG A, B ou F, ni par l’histamine ou la sérotonine.
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Introduction
Prostaglandins (PG), a special family of unsaturated hydroxylated fatty acids, 

are found in most tissues and body fluids. They are modulators of various types of 
hormonal actions, but their exact physiological role has not yet been elucidated.

Nevertheless, two publications dealing with experimental nematode parasitosis 
suggest that PG intervenes in intestinal parasite-host adaptation phenomena. The 
injection of certain PG, especially PG E1 and PG E2 (250 µg of a chloroform solu
tion) into the duodenum of Wistar rats infested with Nippostrongylus brasiliensis 
accelerates the expulsion of adult worms in the small intestine. Under the same 
conditions, biogenic amines, e.g. histamine and 5-hydroxytryptamine, have no effect 
(Kelly, Dineen, Goodrich and Smith, 1974). PG E2 apparently acts differently in 
trichinellosis in mice, since twice-daily injections at a dose of 150 µg.kg- 1.24 h-1 
between days 3 and 30 after injection prolongs survival of adults in the gut (Kar- 
manska and Michalska, 1976).

The aim of the present work was to determine if this difference depended on 
the parasite model considered or on the host animal, and not on the modalities of 
introducing the prostaglandins into the host. Using CBA mice and Wistar rats, we 
studied the action of PG E2 on trichinellosis and also examined the effects of two 
vasoactive amino acids, histamine and serotonin.

Materials and methods

Protocol.

Pathogen free CBA mice (20 g) and Wistar rats (200 g) were used in this study. 
Infectious larvae of Trichinella spiralis were obtained from the muscle tissues of 
CBA mice infested for at least 30 days using the HCl-pepsin digestion technique 
described by Larsh and Kent (1949). Experimental infestation was obtained by 
introduction of 200 larvae via oesophageal intubation. The various products tested 
were injected intraduodenally after ether anesthesia and laparotomy. After sacri
fice male and female adult worms in the small intestine were counted using the 
method of Baermann (1917). Each control and experimental group involved 10 
animals. The Student-Fischer test was utilized to calculate the value of t.

Determination of infestation kinetics.

After infesting 25 CBA mice as described above, sacrifice and counting of adult 
male and female worms was performed on days 3, 5, 7, 10, 11, 13 and 15. This 
preliminary experiment was performed in order to determine the moment at which 
experimental animals had to be sacrificed.
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Phosphate buffer and dimethylsulfoxide (DMSO) (table I, group 1).

It was necessary to determine if these solvents had an effect on the number of 
adult worms collected on day 7. Two groups of 10 animals each were infested. 
One group then received an intraduodenal injection of 0.1 ml of phosphate buffer 
and the other one received the same volume of DMSO. The number of adult 
worms was determined and t was calculated.

Table I. — Intraduodenal injection of 50 g of test product in CBA mice.
Worms per mouse 
(mean ± S.E.M.) t

GROUP 1
Controls ............................................... 50.6 ± 0.80
D.M.S.O................................................. 50.9 ± 0.50 0.15 N.S.
Phosphate Buffer..................................... 46.7 ± 0.29 2.08 N.S.

GROUP 2
Controls ................................................ 55.4 ± 2
PGA1 .................................................. 57.9 ± 5 0.45 N.S.
PGB1 ................................................... 62.3 ± 6.3 1.04 N.S.

GROUP 3
Controls ................................................ 71.6 ± 2
PGA2 .................................................. 64.5 ± 4.3 1.49 N.S.
PG F1α................................................. 75 ± 17 0.19 N.S.

GROUP 4
Controls ................................................ 73.6 ± 2
PG E1 ................................................... 118.9 ± 5.9 7.27*
PG E2 ........................ .......................... 131.7 ± 3.9 13.25 **

GROUP 5
Controls ................................................ 80.8 ±11.2
PG B2 ................................................... 83.1 ± 5.3 0.18 N.S.

GROUP 6
Controls ................................................ 48 ± 2
Histamine ............................................. 39.2 ± 1.79 3.27 N.S.

GROUP 7
Controls ................................................ 46.6 ± 2
Serotonin ............................................... 43.7 ± 0.69 1.36 N.S.

t : Student-Fischer test 
N.S. : non-significant 
* : significant difference p ≤ 0.05 
** : significant difference p ≤ 0.01
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Vasoactive amines (table I, groups 6 and 7).

Two groups of 10 CBA mice were used. At day 3 after infestation, one group 
received 8 mg of histamine. HCl intraduodenally and the other group similarly 
received 4 mg of serotonin. In both cases, the solvent was 0.1 ml of phosphate 
buffer, pH 7.2. Controls received the same volume of buffer intraduodenally.

Prostaglandins.

The following prostaglandins were generously furnished by Upjohn Laborato
ries : A1, A2, B1, B2, E1, E2 and F1α. Each product was dissolved in 0.1 ml of 
DMSO immediately before injection. Controls received the same volume of DMSO 
intraduodenally (DMSO was chosen over chloroform in view of the toxicity of the 
latter in mice).

In CBA mice.
Initially, we compared the activities of 50 μg of each prostaglandin injected 

intraduodenally 3 days after infestation. Sacrifice was performed 4 days later (day 7) 
and the numbers of adult worms were determined (table I, groups 2-5). Based on 
the results of this series of experiements, we then repeated this protocol using 25 μg 
of PG E2 (table II, group A). Next, we intraduodenally injected 25 μg of PG E2 
at the time when self-cure occurs, i.e. day 6 after infestation, counting the number 
of adult worms on day 9 (table II, group B). Finally, we injected 250 μg of PG E2 
into each of 10 mice.

Table II. — Intraduodenal injection of PG E2 in CBA mice.
Worms per mouse 
(mean ± S.E.M.) t

GROUP A
Controls ................................................ 84.2 ± 5.1
25 μg PG E2 .......................................... 116.2 ± 5.3. 4.33 **

GROUP B
Controls ................................................ 70.1 ± 19.3
25 μg PG E2 .......................................... 60.8 ± 4.5 0.46 N.S.

GROUP C
Controls ................................................ 73.6 ± 2
50 μg PG E2 .......................................... 131.7+ 3.9 13.25 **

t : Student-Fischer test 
N.S. : non-significant 
* : significant difference p ≤ 0.05 
** : significant difference p ≤ 0.01
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In Wistar rats.
We tested only prostaglandins B1 and E2 in this species. Three days after 

infestation with 200 larvae, we intraduodenally injected 200 g rats with 250 μg of 
each prostaglandin, a ten-fold greater dose than mice weighing 20 g. The results 
are shown in table III, group 1. Under the same experimental conditions, we then 
injected 500 μg of PG E2 (table III, group 2). Simultaneously with the determina
tion of the number of adults recovered on day 7, we also desired to test the effect 
of this dose of PG on the fertility of female trichinella worms. This experiment 
lasted 24 hours and was performed in vitro in medium 199, according to the protocol 
of Jacqueline, Vernes and Biguet (1978) with groups of 30 control females and 
50 PG E2-treated females.

Statistical analyses.
The Student-Fischer test was used.

Results
Kinetics of intestinal infestation of controls (fig. 1).

The maximum number of adult worms was scored on day 7 post-infestation, 
the point at which self-cure begins. A drastic decrease in the number of adults was
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Fig. 1. Mean evolution of number of adult worms in mice infested with 200 T. spiralis larva

on day 0
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observed on day 10 with complete elimination at day 15. Adult worms were hence
forth scored on day 7.

Effect of phosphate buffer and dimethylsulfoxide (DMSO) on infestation
(table I, group 1).

The absence of significant differences among the groups demonstrates that phos
phate buffer and DMSO had no effect on the expulsion of Trichinella spiralis from 
the gut.

Infestation of controls during various experimental series (table I, groups 2-7 ; 
table II, groups A-C; table III, groups 1 and 2).

The experiments were spread over three months as a result of the variable 
infectivity of the strain. Each group of injected animals was accompanied by a 
corresponding control group of 10 animals. The population of adult worms deter
mined in controls on day 7 varied significantly, since 46.6 adults were scored in 
serotonin controls and 80.8 in PG B2 controls. The exact reasons for these diffe
rences in infectivity are presently unknown.

Table III. — Experiments with Wistar rats.
Worms per mouse 
(mean ± S.E.M.) t

GROUP 1
Controls ........................................ 85 ± 2
250 μg PG B1 ......................................... 70 ± 10 1.39 N.S.
250 μg PG E2 ..................................... 118 ± 4.5 6.47*

GROUP 2
Controls ............................................... 103 ± 4.4
500 μg PG E2 ......................................... 54 ± 3.8 7.86 **

t : Student-Fischer test 
N.S. : non-significant 
* : significant difference p ≤ 0.05 
** : significant difference p ≤ 0.01

Effects of vasoactive amines (table I, groups 6 and 7).

Histamine and serotonin had no effect, compared with their respective phos
phate buffer controls.
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Effects of prostaglandins.

In CBA mice.
The following conclusions could be reached after comparing each group of 

treated mice with controls (table I, groups 2-5).
There was no apparent difference between groups A1 and B1 and their controls, 

between groups A2 and F1α and their controls and between the PG B2 group and 
its control.

In the group of PG E1_treated animals, however, 118.9 adult worms were scored 
on day 7 and 131.7 were counted in PG E2 animals, while controls contained only 
73.6 adults. This difference is statistically significant, the number of worms in the 
PG E1 group is increasing by 61.5 % and that in the PG E2 group by 79 %.

These two prostaglandins thus favor the survival of adult T. spiralis in the gut. 
In addition, PG E2 delays the process of expulsion of adult worms (table II, group A).

When PG E2 was injected during the period of self-cure, there was no effect 
on the number of adults scored at day 9 post-infestation (table II, group B).

Finally, a PG E2 dose of 250 µg led to the death of the animals within 1 to 
3 hours, attesting to the toxicity of this dose in CBA mice.

In Wistar rats.
There was no significant difference between the PG B1 group and its control, 

but there exists a statistically valid difference between the PG E2 group and the same 
control (table III, group 1).

Following the administration of 500 µg of PG E2, the number of worms scored 
was 54, while the corresponding figure in controls was 103 (table III, group 2). 
This difference is statistically significant (p < 0.01).

Concerning the fertility of female worms harvested on day 7, we found that 
controls laid an average of 33 larvae, while females of group PG E2 gave rise to 
only 2. These results are significant and are consistent with those of Kelly et al. 
(1974) obtained with N. brasiliensis.

Discussion
With the experimental model used in the present experiments, we found that 

single doses of 8 mg of histamine or of 4 mg of serotonin had no effect on the expul
sion of adult Trichinella worms. This conclusion had been reached previously by 
Kelly et al. (1974) who administered single doses of these amines to rats infested 
with N. brasiliensis.

According to Keller and Ogilvie (1972), 15 mg of histamine per kg administered 
over several days also had no effect in the same model. Thus, the auto-release 
mechanism observed in trichinellosis or nippostronglylosis would be different from 
the immediate hypersensitivity phenomenon proposed by Stewart (1955) to explain
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the self-cure of sheep infested with various Trichostrongylidae, particularly Haemon- 
chus contortus. Following field studies of this same parasitosis by Allonby and 
Urquhart (1973), arguments were advanced favoring a non-immunological origin of 
self-cure.

The variance analysis of the mean values of the various series of prostaglandins 
treated animals has shown that they significantly differ between them (0,001 < p 
< 0,01). Among the seven prostaglandins tested in the present experiment, only E1 and 
E2 and particularly the latter, were capable of effectively interfering with the natural 
progression of trichinellosis in experimental animals.

When 25 or 50 µg of PG E2 were injected into CBA mice on day 3 following 
infestation, the number of adult worms scored in the gut on day 7 was much greater 
than that observed in non-treated, infested controls. These results confirm those of 
Karmanska and Michalska (1976) who studied only PG E2, but the present results 
furnish important data on the modalities of PG effectiveness. In our experiments, 
this effectiveness was indeed demonstrated by the introduction of a single dose of 
PG E2 in situ, while the Polish workers employed daily intraperitoneal injections of 
150 ug/kg for almost one month. This protocol, or any other characterized by 
repeated injections of PG E2, should have shown itself indispensible for delaying 
the elimination of adult trichinella worms.

At the time of self-cure, when immunological mechanisms are already in place, 
PG E2 no longer has an effect. This was observed in mice when 25 µg of PG E2 
were injected on day 6 and adult worms were scored on day 9.

In order to eliminate adult worms by day 7 in Wistar rats, a PG E2 dose of 
250 µg is necessary. This dose is sufficient to accelerate the elimination of N. bra- 
siliensis (Kelly et al., 1974) but acceleration of T. spiralis is obtained only with 
500 µg of PG E2.

The mechanism of action of PG E1 and E2 remain to be understood. Following 
the administration of an appropriate dose of PG E2 to mice or rats, adult worms 
are retained. We may explain this by invoking the hypothesis that PG inhibits 
delayed hypersensitivity and/or immediate hypersensitivity (Perrin, 1974); the impor
tant role of these processes in trichinellosis self-cure is well known.

The accelerated expulsion of worms obtained with 500 µg of PG E2 in Wistar 
rats could be due to different effects :

1) PG E may directly affect metabolism of the parasite. However, expulsion 
is preceded by structural and metabolic damage to worms (Ogilvie and Hockley, 
1969 ; Edwards et al., 1971). Jones and Ogilvie (1971) have shown that worm 
damage is mediated by antibodies and they have suggested that antibodies cause 
worm damage directly. In this event, antibodies may provide the specific immuno
logical trigger for the action of PG E. The suggestion that PG E plays a direct 
role in worm damage is supported by the observation that PG E, at physiological 
concentration, causes metabolic damage to N. brasiliensis adult worms cultured in 
vitro (Richards et al., 1975).
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2) Elevated levels of PG E act indirectly by affecting gastrointestinal function 
which alters the microenvironnement at the site of infection (Kelly and Dineen, 
1976). During his studies, Castro (1976) observed that parasites in the gut led not 
only to inflammatory phenomena, but also to a change in the intestinal microenvi
ronnement, which could explain a change in intestinal mobility with a resulting 
diarrhea. This effect was also observed by Robert (1977) in human volunteers and 
in dogs following the administration of high doses of PG E2.

For each animal species, there is an obvious relationship between the time of 
PG injection, the dose injected and the effect observed. We thus believe it inap
propriate to compare dose-effect phenomena in two species as different as mice and 
rats.

There remains the behavioral difference between N. brasiliensis (Kelly et al., 
1974) and T. spiralis to explain. The former may be more sensitive to PG E2 and 
perhaps may more easily experience the effects of mucosal changes, since the majo
rity of adult worms are enmeshed in intestinal villosities and apparently do not 
penetrate the lamina propria (Barth, Jarret and Urquhart, 1966).

Furthermore, since these worms have neither teeth nor a buccal capsule, it is 
probable that they are not very strongly attached to the mucosa or at any rate are 
much less so than the trichinella worm, which penetrates relatively deeply.

The expulsion of adult T. spiralis is obtained only with high doses of PG E2, 
which may also reflect a lower PG sensitivity than N. brasiliensis.

Recently, Larsh et al. (1975) have reported that phospholipase activity is ele
vated in the gastro-intestinal tract during expulsion of several parasites in various 
host species. We also know that phospholipases are crucial enzymes in the release 
of fatty acid precursors of PG. In summary, interrelationships among physiology, 
immunology and pathology play a fundamental role in the parasite-intestinal micro
environnement complex. Serum or tissue factors, such as prostaglandins, may speci
fically modulate the host response to parasite aggression.
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