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SUMMARY

We have previously demonstrated that during pregnancy there exists an increased parasiticide activity against Trichinella

spiralis newborn larvae (NBL) in infected rats. In this work we analysed the contribution of peritoneal cells from non-

infected pregnant rats to the mortality of the NBL in cytotoxicity assays, and evaluated the role of progesterone in this

effector mechanism. Our findings suggest that progesterone can induce activation of effector peritoneal cells to destroy the

NBL in a rapid and antibody-independent manner. The administration of progesterone to ovariectomized rats also led to a

significant decrease in the parasite load of the animals, thus demonstrating that progesterone induces the increase of the

parasiticide activity of the leukocytes involved in the mechanisms of NBL death.
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INTRODUCTION

The relative susceptibility of males and females to

the many health-threatening microorganisms has

long been studied. Studies concerning the role of

gonadal steroids in the increase or decrease of such

susceptibility have been carried out for several

infections (Charniga et al. 1981; Terrazas et al. 1994;

Roberts, Satoskar & Alexander, 1996; Kaushic et al.

2000).

Granulocytes as well as the immune cells present

in the bloodstream and tissues participate in the

defence mechanisms against these pathogens in both

innate and acquired effector mechanisms, including

phagocytosis, complement-mediated lysis and direct

and antibody-dependent cytotoxicity (ADCC) (Roitt

& Delves, 2003).

The sex-dependent behaviour of the immune

system has led researchers to investigate and indeed

to discover that testosterone, oestrogens (mainly

17-b-estradiol) and progesterone can act upon the

host’s cells and somehow modulate the synthesis

and/or secretion of antibodies, cytokines or other

soluble mediators (Ahmed, Dauphinee & Talal,

1985; Chao et al. 1994, 2000; Piccini et al. 1995).

Changes in the levels of steroid hormones during

the menstrual/oestral cycle have been shown to be

closely related to changes in the phenotype of cells of

the immune system, mainly regarding the pattern of

cytokines they secrete (Verthelyi & Klinman, 2000).

Pregnancy is a special immunoendocrine statuswhere

high levels of progesterone are found. Although the

success of pregnancy has been explained in terms of

a deviation of the immune response towards a Th2

phenotype, this concept is currently being revised

(Arck, 2001; Chaouat et al. 2002).

Trichinella spiralis is a nematode parasite affecting

many people around the world. There are many

countries where this parasitic disease is endemic,

having several outbreaks per year and where fertile

and pregnant women are likely to be involved. In

order to investigate the behaviour of the immune

system following Trichinella infection during preg-

nancy, a study was previously undertaken in which

we demonstrated that enhanced parasiticide activity

against T. spiralis newborn larvae (NBL) resulted in

a lower degree of infection in pregnant rats. In

addition, we found that NBL could be killed in the

presence of peritoneal cells from virgin rats and

non-infected pregnant rat serum (Nuñez et al. 2002).

The aim of this work was to assess the contribution of

peritoneal cells from non-infected pregnant rats to

the mortality of the NBL in cytotoxicity assays, and

to evaluate the role of progesterone in this effector

mechanism. The role of progesterone was also

studied in vivo.

MATERIALS AND METHODS

Animals

Virgin and pregnant 3-month-old Wistar rats were

used in this work. Groups of at least 5 animals for
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each experiment were employed. The presence of a

vaginal plug was taken as day 1 of pregnancy.

Animals were kept in the Biotery of the Faculty of

Pharmacy and Biochemistry, University of Buenos

Aires under a regular lighting schedule of 12 h light/

dark cycle (08.00–20.00 h) and standard conditions

of temperature (23¡3 xC) and humidity (65¡1%).

Sera

Animals belonging to each group were bled by retro-

orbital puncture, sera were aliquoted and kept at

x20 xCuntil used. A cytotoxic serum (CS) from a rat

orally infected 45 days previously was used as a

positive control in cytotoxicity assays.

Digestion method and determination of muscle

parasite load

Muscle larvae (ML) were recovered from the car-

casses of infected animals by the digestion method

using 1% pepsin (Sigma, St Louis, MO, USA) – 1%

HCl (Larsh & Kent, 1949). Collected ML were

washed and suspensions suitably diluted in 0.15 M

NaCl and mixed 1 : 1 with 1.5% agar. Larval sus-

pensionswere then placed in groovedPetri dishes and

allowed to solidify. Larvae were then counted twice

by two independent observers using a light micro-

scope. Parasite burdens were expressed as number of

larvae per gram of carcass digested (ML/g).

Collection of newborn larvae

The method described by Dennis, Despommier &

David (1970) was used. Briefly, adult worms were

recovered from the intestine of rats orally infected

with 7000 ML 6 days previously. Worms were

cultured at 37 xC in an atmosphere containing 5%

CO2 in Eagle’s minimum essential medium with

Earle’s salts (MEM, Gibco, Grand Island, NY,

USA) supplemented with antibiotics (penicillin

50 IU/ml, streptomycin 50 mg/ml; Sigma) plus 5%

fetal calf serum (Gibco). NBL were collected after

2 h and used immediately. All larvae were alive and

in good condition as judged by their motility.

Cells

Peritoneal leukocytes from virgin and pregnant rats

were obtained by peritoneal washings using cold

MEM supplemented with antibiotics (penicillin

50 IU/ml, streptomycin 50 mg/ml). Leukocyte sus-

pensions were collected and washed twice in MEM

by centrifugation at 200 g for 10 min. Cells were

counted using Turk’s solution in an haemo-

cytometer. Cell viability was invariably greater then

95% as judged by Trypan blue dye exclusion.

Relative percentages of cell types in peritoneumwere

determined by preparation of cell smears stained

with May-Grünwald-Giemsa.

Cytotoxicity assays

The test was performed in flat-bottomed microwell

modules (Nunc, Roskilde, Denmark). A 30 ml
volume of a larval suspension in MEM containing

approximately 50 NBL was placed in each well and

the exact number of larvae was counted. Ten ml of
each serum from virgin or pregnant rats or CS and

100 ml of peritoneal leukocyte suspension from virgin

or pregnant rats containing 5r106 cells/ml were

added to each well. Sera were used undiluted.

Normally, reactions were kept for 20 h at 37 xC in an

atmosphere of 5% CO2 in air. In those experiments

evaluating the role of virgin and pregnant rat leuko-

cytes in the NBL death, mortality in one set of

reactions was assessed after 4 h and another after 20 h

of incubation.

In experiments evaluating the role of progesterone

in the effector mechanism, larvae were incubated

with pregnant rat serum and virgin rat leukocytes

which had been previously resuspended in MEM

with or without the antagonist of progesterone

receptors mefipristone (RU486, 200 ng/ml; Sigma).

In another set of experiments the pregnant rat serum

was replaced by 10 ml of different concentrations

(10, 100 and 200 ng/ml) of soluble progesterone

(Sigma) in MEM. The levels of progesterone of 100

and 200 ng/ml fall within the range found in rat

pregnancy (González et al. 1997). NBL death was

measured by direct microscopy by two independent

observers and the mortality percentage calculated

according to the following formula:

% Mortality= (NBLixNBLf)=NBLi½ �r100,

where NBLi and NBLf are the numbers of NBL

counted at the beginning and at the end of the

reaction respectively. Control reactions are specified

in each case. Experiments were done in duplicate.

Administration of progesterone and determination

of parasite load

In order to evaluate in vivo the role of progesterone in

the protection of the host against T. spiralis 2 groups

of animals were ovariectomized under veterinary

supervision. After surgery, rats were allowed to

recover for 5 days. This period also served for the

complete clearance of the endogenous progesterone.

After that, an injection protocol was started.

Progesterone (Sigma) was dissolved in a mixture of

olive oil–ethanol (3 : 1) and rats were injected sub-

cutaneously every 12 h during 21 days with 0.1 ml of

the emulsion containing increasing doses of the

steroid according to the protocol of González et al.

(2000). These doses are adequate to reach the serum

concentrations of the hormone found during rat

pregnancy (González et al. 1997). Progesterone

concentrations were P1=15.2 mM, P2=22.9 mM,
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P3=30.5 mM, P4=68.7 mM, P5=53.5 mM, P6=
76.4 mM, P7=99.3 mM. The control group was

injected with vehicle alone. On day 6 of the pro-

gesterone treatment, rats were orally infected with

2000 ML per animal with the aid of a gastric canule.

On day 30 p.i. rats were sacrificed and parasite loads

were determined by the digestion method. Serum

progesterone levels were determined by use of a

commercial kit (Abbott Laboratories, Illinois, USA)

and vaginal smears were prepared from each

progesterone-treated rat in order to corroborate that

rats had pregnancy levels of the hormone (Freeman,

1994).

Statistical analysis

Tests employed in the statistical analysis as well as

significance levels are indicated in each experiment.

Data were analysed with the SPSS 12.0 statistical

software.

RESULTS

Cell populations in peritoneal wash

Cell populations found in virgin and pregnant rat

leukocyte preparations did not differ from each

other. Mean percentages found in both groups were:

19.2¡11.2% neutrophils, 11.8¡3.6% eosinophils,

0% basophils, 56.6¡13.5% lymphocytes, 8.2¡3%

monocytes and 4.2¡2.9% macrophages.

Cytotoxicity assays

Pregnant rat leukocytes were able to induce NBL

death even in the absence of CS whereas virgin rat

leukocytes used as control were not. This phenom-

enon was observed as early as 4 h of incubation. No

differences were found in the percentage mortality of

NBL between 4 h and 20 h of incubation when

pregnant rat leukocytes were used in either the

presence or the absence of CS. Mean NBLmortality

percentages for these experiments are shown in

Table 1.

When NBL were incubated with pregnant rat sera

and virgin rat leukocytes that had been previously

incubated with the antagonist RU486 the NBL

mortality induced by pregnant rat sera was abrogated

(0.9¡0.8% vs 15.9¡2.4%, P<0.05, Fig. 1).

The dose-response curve constructed employing

3 different concentrations of soluble progesterone

is shown in Fig. 2. Progesterone was able to induce

NBL death at 100 and 200 ng/ml (44.7¡5.8% and

42.2¡9.8%). This cytotoxicity-inducing effect of

progesterone was again abrogated by RU486

(3.7¡1.8% and 10.1¡3.7%).

Parasite load of progesterone-treated rats

Progesterone levels of ovariectomized and steroid-

treated rats ranged from 46.4 ng/ml to 74.2 ng/ml,

the expected range for a normal pregnancy.

Progesterone levels were undetectable in the control

group. Cornified cells were observed in vaginal

smears of progesterone-treated animals, demon-

strating that the action of progesterone on the

vaginal epithelium is similar to that observed during

pregnancy.

Parasite loads determined on day 30 p.i. showed

significant differences between progesterone and

vehicle-treated animals (986¡490 ML/g vs 1679¡

367 ML/g, P<0.05; Fig. 3).

DISCUSSION

It has been demonstrated that during pregnancy

the peripheral immune response is deviated towards

a Th2 phenotype (Veenstra van Nieuwenhoven

Table 1. NBL mortality in cytotoxicity assays

(Data are expressed as mean¡S.E.M. of duplicate experi-
ments, n represents the number of leukocyte suspensions
evaluated, each suspension corresponding to an animal. a vs
c: P<0.005; e vs g: P<0.01; b vs f : P<0.01; e vs f :
P<0.01; b vs d:P<0.01; f vs h, a vs e, a vs b, c vs d, g vs h, c
vs g and d vs h: non-significant. Three-way ANOVA with
repeated measures on one factor.)

Rat cells

Percentage
NBL death
at 4 h
(n)

Percentage
NBL death
at 20 h
(n)

Virgin 6.0¡6.0a 9.7¡0.25e

(6) (5)
Virgin+immune serum 11.5¡7.5b 44.3¡10.8f

(5) (5)
Pregnant 28.5¡3.3c 36.6¡4.3g

(6) (6)
Pregnant+immune serum 41.7¡2.0d 50.5¡3.8h

(5) (6)
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Fig. 1. Percentage NBL mortality induced by pregnant

rat serum in the presence of peritoneal cells with or

without treatment with mefipristone (RU486) in in vitro

cytotoxicity assays. Data are expressed as mean¡S.E.M.

of duplicate experiments, n=7. Paired samples Student’s

t-test, P<0.05.
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et al. 2002) and that there is an activation of the

innate immune system (Letksy, 1980; Shibuya et al.

1987; Sacks, 1997, 1998, 1999; Veenstra van

Nieuwenhoven et al. 2002).

In previous work we domonstrated that pregnancy

can act synergistically together with the Th2 re-

sponse elicited by T. spiralis with the results of this

synergism being a high rate of NBL destruction in

the pregnant rat and without the adult worms being

affected. This synergism leads to a decrease in the

host’s muscular parasite load (Nuñez et al. 2002).

Although we had observed that during pregnancy

the effector mechanism of ADCC was increased and

that pregnant rat sera (devoid of specific im-

munoglobulins against the parasite) were also able

to induce NBL death in the presence of virgin rat

leukocytes, the nature of the factor/s responsible

for such augmented helminthotoxicity remained

to be determined. The study presented herein was

designed to evaluate the role of progesterone, one of

the steroids that govern pregnancy, in this augmented

helminthotoxicity against NBL. In this sense we

demonstrated that NBL death did not take place

when virgin rat leukocytes were previously treated

with the antagonist of the progesterone RU486. As it

is known that RU486 can also bind the receptor for

corticosteroids (Ravelli,Massobrio &Tesarik, 1998),

our results obtained in vitro employing pure pro-

gesterone allowed us to confirm the role of this

steroid in the mechanism of cell activation leading to

parasite death.

Pregnant rat leukocytes were also able to kill the

NBL even in the absence of adherence and specific

antibodies to the parasite and this effect was observed

shortly after the cells were placed in the reaction well

containing the NBL. This rapid killing of the para-

site would indicate that pregnant rat leukocytes are

activated for this effector mechanism. The release

of soluble toxic mediators upon the NBL is the sub-

ject of current investigation in our laboratory The

differences obtained in NBL death between virgin

and pregnant rat leukocytes preparations would

not account for differences in the effector cell popu-

lations (neutrophils, eosinophils and monocyte/

macrophages) from both groups of animals as judged

by the May Grünwald-Giemsa stain. These results

would reinforce the role of the progesterone in the

activation of effector cell populations in vivo and

in vitro.

The decrease in the susceptibility to the infection

observed in ovariectomized progesterone-treated

animals was similar to that observed previously by us

using pregnant rats. These findings would indicate

that progesterone is one of the pregnancy-associated

factors responsible for a decreased parasite load,

reinforcing the data obtained in the experiments

performed in vitro.

It is known that progesterone has immuno-

modulatory effects during pregnancy by suppressing

the maternal response towards paternal antigens

expressed in the fetus (Piccini et al. 1995). However,

there are many experimental studies which also sug-

gest that progesterone can be either stimulatory or

inhibitory of the immune response depending upon

the concentration, time of exposure to the steroid

and cell type under study (Beagley &Gockel, 2003).

Taking into account data from the literature and

our own results, we can conclude that in our hands,

progesterone is capable of inducing activation of the

effector cell populations responsible for NBL death

in an antibody-independent cytotoxic mechanism.

This cytotoxicity should also be triggered by soluble

antigens released by the parasite because constant

self-aggression of tissues by these activated cells
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Fig. 2. Percentage NBL mortality induced by

progesterone in the presence of peritoneal cells with or

without treatment with mefipristone (RU486) in in vitro

cytotoxicity assays. Data are expressed as mean¡S.E.M.

of duplicate experiments, n=5. Control reactions:

NBL+cells : 10.4¡2.9%. No significant NBL death was

obtained with progesterone or RU486 in the absence of

cells. *P=0.078, **P< 0.05, three-way ANOVA, nested

mixed effects.
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Fig. 3. In vivo studies on the effect of progesterone on

the infectivity with Trichinella spiralis. Determination of

the muscular parasite load (ML/g) in ovariectomized rats.

Data are expressed as mean¡S.E.M. of duplicate

experiments, n=7/group. *P<0.05, Mann-Whitney

U-test.
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would otherwise occur in pregnant hosts. In the case

of pregnant hosts infected with T. spiralis, this

mechanism will lead to an increased parasiticide

status, leading to a greater degree of protection of the

host (Nuñez et al. 2002).
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