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Effects of dexamethasone, cyclosporine and
betamethasone on inflammatory cell recruitment in
mice infected with Strongyloides venezuelensis

Abstract

The objective of this study was verified effect of immunosuppressant activities of
Dexametasone (Dexa), Cyclosporine (CsA) and Betamethasone (Beta) in the synhteses
of inflammatory cell and dissemination of Strongyloides venezuelensis. S. venezuelensis-
infected mice increased total leucocytes (TL), eosinophil (EO), mononuclear cells (MC),
and neutrophil (NE) numbers in the blood. The infection induced recruitment of TL, EO
and MC to peritoneal cavity (PCF) and space bronchoalveolar (BALF), exception for NE.
Dexa, CsA and Beta treatments inhibited TL, EO and MC production. However, Dexa
treatment was associated with NE accumulation in the blood. Dexa and Beta tratments
reductions migration of inflammatory cells from the blood to PCF and BALF. Infected
mice and treated with Dexa and Beta worm parasites, eggs/g/feces and larvae recovered
were higher than CsA. The results showed that glucocorticoid treatment may induce
strongyloidiasis dissemination while CsA induced mice protection against S. venezuelensis
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Introduction

Strongyloidiasis is an intestinal helminthiasis endemic especially
in tropical and subtropical areas.'= It is considered a tropical disease
that has been largely ignored."* Human infection occurs when
infective filariform larvae penetrate the skin. The infection can be
asymptomatic, cause chronic infection of the gastrointestinal tract or
present a variety of other symptoms, mostly affecting the skin and/or
gastrointestinal tract. Many Strongyloides stercoralis infections have
been cured.’ However, because of the unique ability of S. stercoralis
to complete its life cycle within the human host, the quantity of
larvae can dramatically increase through a cycle of autoinfection.
Autoinfection can thus lead to disease persistence as well as to a
syndrome of hyper infection.!

The incidence of strongyloidiasis has increased dramatically.
Patients presenting altered cellular immunity accompanied by
malnutrition; those who have undergone organ or bone marrow
transplants; patients with acquired immunodeficiency syndrome as

well as those receiving cancer chemotherapy have all been included
among those with conditions representing increased levels of
infection.®'° In these individuals autoinfection may lead to a massive
increase in parasites and dissemination to almost all organs including
the lungs, liver and central nervous system. Data from the literature
have estimated that disseminated strongyloidiasis occurs in 1.5%—
2.5% of infected patients,'” and this disseminated strongyloidiasis
can be associated with 86% death.!” These high rates of death should
be made about the relative success and failure of drug treatment
of patients with chronic strongyloidiasis and developed parasite
dissemination.

Cyclosporine has been used almost universally by itself or in
combination with other immunossupressory drugs (Dexamethasone
and Betamethasone) for the prevention of transplant rejection of the
kidney, liver, pancreas, bone marrow, intestine, heart and lungs.! '
The number of patients who have received these drugs increased
still more, as they became accepted as a therapeutic strategy in the
treatment of auto-immune diseases including rheumatoid arthritis,
psoriasis, liquem plan, pemphigus bolhoso, multiple sclerosis, lupus
erithematosus, myasthenia Gravis, diabetes mellitus, uveitis and
several glomerulonefrits.'*!7
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infected with Strongyloides venezuelensis

Researchers have suggested that corticoid therapy (glucocorticoids)
interfers with the metabolism of steroids in the parasites, producing
increases in fertility and the production of eggs. In the case that the
females are in the intestinal mucous membrane the result is large
numbers of infective larvae which can develop and disseminate
throughout the organism." The mechanisms involved in this
process, however, are as yet unknown. The elevated reproduction
of adult females is correlated with an inhibition of the immune
cellular and humoral response induced by corticoids acting and this
immunossupresion improve parasite repoduction. Corticoides drugs
may act not only on females inducing reproduction and growth
hormones (ecdysteroids), but also favoring an increase in fertility
and dissemination within the host. The objective of this study was
to compare the immunosuppressor activity of Dexametasone,
Cyclosporine and Betamethasone in the inflammatory cell responses
and in the maintenance of infection by Strongyloides venezuelensis-
infected mice.

Materials and methods
Animals

Male Balb/c mice weighing 16-25g (and aged 21-30days) and male
Rattus norvegicus (Wistar) rats weighing 120-180g were obtained
from the Faculdade de Ciéncias Farmacéuticas of the Universidade
de Sao Paulo in Ribeirdo Preto (FCFRP-USP). All experiments were
approved by and conducted in accordance with guidelines established
by the Animal Care Committee (Protocol in the 02.1.1408.53.8) of the
FCFRP-USP. All animals were maintained under standard laboratory
conditions.

Parasites

The S. venezuelensis L-2 strain (Brumpt, 1934)," was isolated
from the wild rodent Bolomys lasiurus in April, 1986. The Rattus
norvergicus Wistar, are routinely maintained and experimentally
infected in the Laboratory of Immunology of FCFRP-USP, Sao Paulo,
Brasil.

Infection of mice with S. venezuelensis and treatment with
Dexamethasone, Cyclosporine and Betamethasone S. venezuelensis
third-stage infective larvae (L3) were obtained from charcoal cultures
of infected rat feces. The cultures were stored at 28°C for 72hours,
and the infective larvae were collected and concentrated using a
Baermann apparatus. The recovered larvae were washed several
times in phosphate buffer solution (PBS) and counted. The number
was subsequently adjusted to 15.000L* per mL of PBS for infection.
Balb/c mice were individually inoculated via s.c abdominal injection
with 100puL of PBS containing 1.500 S. venezuelensis L3. The infected
mice were divided into four groups: Group 1 was treated orally by
gavage with 100 pL of water. The animals of Group 2 were treated via
s.c with 100pL of Dexamethasone disodium phosphate (Decadron®,
Aché Laboratories, Campinas, Brazil, 2mg kg'), Group 3 animals were
treated orally by gavage with 100uL of Cyclosporine (Sandimmun
Neoral®, Novartis, 2.5 mg kg™'), and Group 4 was treated via s.c with
100uL of Betamethasone disodium phosphate (Celestone®, Aché
Laboratories, Campinas, Brazil, 2mg kg'). The first treatment for
three drugs used, beginning one hour before infection and then daily
until day 37 (final evaluation day). The last treatment was applied one
hour before sacrificing, according to the literature.”® Additionally a
control group of uninfected, untreated mice enabled comparisons with
the infected groups that received treatments or not.
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Collection of blood, serum, bronchoalveolar lavage
fluid (BALF), and peritoneal cavity fluid (PCF)

On days 1, 3, 5, 7, 14, and 21, post-infection, the mice
were anaesthetized via subcutaneous injection of 30mg/kg of
tribromoethanol (Acros Organics, Fairlawn, NJ, USA) and blood
samples were collected by cardiac puncture. The mice were
subsequently sacrificed using an overdose of tribromoethanol.
The chest cavity of each animal was carefully opened, the trachea
exposed and catheterized. The catheter was tied in place, and sterile
PBS/sodium citrate (0.5%) was infused in three 1-mL aliquots. The
BALF was collected and stored on ice. The PCF was obtained by
injecting three mL of PBS into the peritoneal cavity. Total cell counts
of the blood, BALF, and PCF were immediately taken in a Neubauer
chamber. Differential counts were obtained using Rosenfeld-stained
cytospin preparations or smears.”’ Blood was then centrifuged, and
the serum stored at —=70°C.

Infective larvae, eggs, and adult worm counts

On days 1, 3, 5, 7, 14 and 21, post-infection, mice infected
with S. venezuelensis were placed individually on clean, moist
absorbent paper and allowed to defecate. The Cornell-McMaster egg-
counting technique was used to determine the eggs/g of feces.?! The
parasitological examination was performed twice with the average
of the two results recorded. The mice were then sacrificed using an
overdose of tribromoethanol. To count the adult parasites 10-cm
duodenal sections were removed, placed in Petri dishes containing
saline, longitudinally sectioned, and incubated for two hours at
37°C. The lungs were retrieved and compressed so that migrating
larvae could be collected and counted.?® The adult parasites from the
intestines, larvae in the lungs, as well as the eggs from feces, were
counted under a light microscope (40 or 100xmagnification).

Statistical analysis

Each experiment was performed twice. The results of the
experiments are expressed as mean+=SEM. Statistical variations were
analyzed using ANOVA followed by the Bonferroni test. The Student’s
t-test was used only in the analysis of parasite and egg numbers. The
level of statistical significance was set at P<0.05.

Results

Dexamethasone, Betamethasone, and Cyclosporine are associated
with parasite burdens, adult worms and fertility of S. venezuelensis-
infected mice.

Figure 1 demonstrates that S. venezuelensis-infected mice treated
with dexamethasone (Dexa), cyclosporine (CsA), or betamethasone
(Beta) improve retention of the adult female parasites in the host
and these parasites numbers increased significantly the period of
parasitism (Figure 1A). Among the mice treated with Dexa or Beta,
the adult female parasite numbers remained throughout the period
of infection. The period of retention of the parasites induced by the
CsA treatment, however, was smaller than for the other treatments,
being detected only until 14 days post-infection. The numbers of adult
parasites recovered of intestine in the 5" and 7% days post-infection
were respectively: 107% and 37% for the Dexa treatment, 29%
and 21% for the Beta treatment, and 42% and 18% for CsA. These
numbers were higher than observed in the infected and untreated
group. For the mice of the untreated group the adult parasites were
completely eliminated between the 7" and 14" day post-infection.
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Among the infected mice treated with Dexa and Beta, parasitism was
observed on the fourteenth and twenty-first days, the maximum period
analyzed (Figure 1A). The longest incidence of permanence of the
parasites in the mice was identified to be among the female parasites
in the duodena and larvae in the lungs, as demonstrated in Table 1.

The eggs of the parasites, excreted by the infected mice, were
fertile. In the feces of the mice treated with Dexa and Beta (Figure
1B) eggs were observed with larvae on the fifth day post-infection.
The percentage of infective larvae in the feces cultures of the fifth and
seventh days post-infection following treatment with Dexa, CsA, or
Beta, when compared with the control group, were: 14% and 92%,
4% and 32%, 8% and 12%, respectively. The female adult parasite
remained fertile in all periods analyzed. The larvae forms recovered
from lungs during all phases of the parasitism were significantly
higher in the mice treated with Dexa and Beta (Table 1).

A

Worm numbers

Eggs /gTeces x 107

Days post-infection

Figure | Number of worm parasites (A) and eggs per gram feces; (B)
recovered from mice infected with S.

venezuelensis (Sv) larvae cultured for 3 days at 28°C and treated or
untreated daily per s.c. with Dexa, dexamethasone; CsA, cyclosporine; Beta,
betamethasone. A group of uninfected mice was used as a control. Data are
expressed as the mean*SEM from 2 independent experiments (n=6—10/
day), uninfected animals (n=6—7/day). Statistical comparisons were made
within each particular day of infection. *,Sv+H,O vs. Sv+Dexa, Sv+CsA, or
Sv+Beta;&Sv+Dexa;+CsA; ¢Sv+Beta. *&+P<0.05.

The Effects of Dexamethasone, Cyclosporine and Betamethasone
on the inflammatory leucocyte influx in the blood of mice infected
with S. venezuelensis Figure 2 shows qualitative and quantitative
increases of total leucocytes in the blood in response to the infective
larvae of S. venezuelensis, and the effects of Dexa, CsA and Beta in
the treatment of the infected mice. In contrast mice to the control
group infected with infective larvae of S. venezuelensis cultivated
during three days at 28°C, induced an increase in the total leucocytes
(Figure 2A), neutrophils (Figure 3), eosinophils (Figure 4A), and
mononuclear cells (Figure 4D) in the blood between the first and
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twenty-first days post-infection. The total leucocyte, neutrophil,
eosinophil, and mononuclear cells numbers varied during the course
of infection. Two peaks of total leucocytes were observed: with
increases in eosinophil and neutrophil numbers on the fourteenth day
(Figure 2A, 3, 4A&4D), and with increasing mononuclear cells on the
twenty-first day post-infection (Figure 4D).

Table | The effect of Dexa, dexamethasone; CsA, cyclosporine; Beta,
betamethasone on the number of infective larvae recovered from the lungs
during S.venezuelensis (Sv) infection

Post-infection Sv+H,O Sv+Dexa Sv+CsA Sv+Beta
Days Lungs Lungs Lungs Lungs

| 25+4 190£7* 148+ 9% 152£6%

3 17+2 72+6%* 15£2 78+7*

5 2917* 10£1* 3217%

7 10£1* 10£2% 10£2%

14 I£1* 9%

21 10£1* 7x1*

Lungs were obtained on post-infection days 1, 3,5,7, 14,and 21.To evaluate the
number of infective larvae, the lungs were tweezed in saline and maintained
for 2 h at 37°C. Following centrifugation, the pellet was examined under a
light microscope at 40xmagnifications for the detection of parasites. Data are
expressed as the mean + SEM from 2 independent experiments (n=6—10/day).
*,Sv + H,0 vs. either Sv+Dexa or Sv+CsA."P<0.05.

The total leucocyte values found in the blood of mice treated with
Dexa, CsA and Beta were similar or lower when compared to control
mice, throughout the period of analysis (Figure 2A). Dexa, CsA and
Beta treatments appear to have significantly inhibited eosinophil
and mononuclear cell numbers in the blood (Figure 4A&D). This
inhibition, however, was more notable when mice were treated with
Dexa and Beta. Nevertheless, CsA and Beta treatments, do not appear
to have interfered with the neutrophil numbers in the blood on any of
the days after infection. Blood neutrophilia increased over time in the
blood of mice treated with Dexa as demonstrated on the fourteenth
and twenty-first days post-infection (Figure 3).

Effects of Dexamethasone, Cyclosporine, and Betamethasone on
the inflammatory leucocyte influx in the peritoneal cavity and BALF
Infective larvae of S. venezuelensis induced in mice increased the
infiltrate of total leucocytes (Figure 2B), eosinophils (Figure 4B) and
mononuclear cells (Figure 4E) in the peritoneal cavity, when compared
with the control mice, for all days analyzed. Quantitative variation was
observed in the total leucocyte numbers, eosinophils and mononuclear
cells during the infection. The migration of inflammatory cells to the
peritoneal cavity was time-dependent. The peak in the total leucocytes
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(Figure 2B) and mononuclear cells (Figure 4E) were observed on the
fourteenth day and in eosinophils (Figure 4B).on the twenty-first day
post-infection in mice infected and untreated.
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Figure 2 Number of total leukocytes found in blood (A), PCF (B), and BALF
(C) in mice infected with S.

venezuelensis (Sv) larvae cultured for 3 days at 28°C and treated or
untreated daily per s.c. with Dexa, dexamethasone; CsA, cyclosporine; Beta,
betamethasone. A group of uninfected mice was used as a control. Data are
expressed as the mean+SEM from 2 independent experiments (n=6—10/day),
uninfected animals (n=6—7/day). Statistical comparisons were made within
each particular day of infection.*, Controls vs. Sv+H,O, Sv+Dexa, Sv+CsA, or
Sv+Beta; #Sv+H,0O, *Sv+Dexa;+CsA; ¢Sv+Beta. *&+¢pP<0.05.

The Dexa and Beta treatments of infected mice were associated
with an inhibition in the recruitment of total leucocytes, eosinophils
and mononuclear cells in all periods when compared with mice of
the infected and untreated group. These cell numbers were similar
or lower than those detected in the control mice during the infection
and treatment (Figure 2B, 4B&E). It appeared that the CsA treatment
caused a decline in recruitment of the total leucocytes, eosinophils
and mononuclear cells to peritoneal cavity, when compared with the
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infected and untreated mice. Still, the values observed in these cells
were significantly higher when compared with the control group.
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Figure 3 Number of neutrophils found in the blood of mice infected with S.
venezuelensis (Sv) larvae cultured for 3 days at 28°C and treated or
untreated daily per s.c. with Dexa, dexamethasone; CsA, cyclosporine; Beta,
betamethasone.A group of uninfected animals was used as a control. Data are
expressed as the mean+SEM of the neutrophil numbers from 2 independent
experiments with infected mice (n=6—10/day) and uninfected animals (n=6—
7/day). Statistical comparisons were made within each particular day of
infection. *, Controls vs. Sv+H,O, Sv+Dexa, Sv+CsA, or Sv+Beta; “Sv+H,O,
&Sv+Dexa; +CsA,; *Sv+Beta. %*P<0.05.

Figures 2C, 4C and 4F demonstrate that infective larvae of S.
venezuelensis also induced significant recruitment of total leucocytes,
eosinophils and mononuclear cells in the BALF, when compared with
control mice. The peaks of total leucocytes and eosinophils in the
infected and untreated mice were detected on the seventh day and for
mononuclear cells on the fifth day post-infection. The Dexa treatment
appeared to decrease the influx of total leucocytes, eosinophils and
mononuclear cells to the lungs when compared with the infected and
untreated mice (Figure 2C, 4C&F), but the values found to those cells
were similar or equal when compared with control mice.
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Figure 4 Number of eosinophils (A—C) and mononuclear cells (D—F) found
in the blood (A and D), PCF (B and E), and BALF (C and F) of mice infected
with S.

venezuelensis (Sv) larvae cultured for 3 days at 28°C and treated or
untreated daily per s.c. with Dexa, dexamethasone; CsA, cyclosporine; Beta,
betamethasone. A group of uninfected mice was used as a control. Data are
expressed as the mean+SEM from 2 independent experiments (n=6—10/day),
uninfected animals (n=6—7/day). Statistical comparisons were made within
each particular day of infection. *, Controls vs. Sv + H,O, Sv+Dexa, Sv+CsA, or
Sv+Beta; “Sv+H,O;%Sv+Dexa; +CsA; *Sv+Beta. **¥P<0.05.

Beta treatment also appeared to decrease the influx of total
leucocytes, eosinophils and mononuclear cells in the BALF, however,
the inhibition induced by this drug was lower than that induced by
Dexa. The CsA treatment appeared to interfir much less in the total
leucocyte, eosinophil and mononuclear cell recruitment to lungs of S.
venezuelensis-infected mice.

Discussion

The glucocorticoids Dexamethasone (Dexa), Betamethasone
together with Cyclosporine (CsA) are used to suppress the
inflammation or immune response in diseases like rheumatoid
arthritis, renal diseases, hepatic diseases, allergies, asthma, colitis
ulcerative, Crohn disease, organ transplant rejection, and AIDS."*-
2 In these treatments, Dexa, CsA or Beta can be used alone or in
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association to promote production, maturation, reduction and/or
migration of inflammatory cells in transplanted organ thus decreasing
rejection or the perpetuation of other inflammatory diseases. It is
recognized, however, that while the imunossupression improves the
condition of the patient it also facilitates the reactivation of chronic
infections caused by fungii, helminths, protozoa and viruses that, if
did not diagnosed quickly, can seriously threaten the life of the patient.
Findings from the literature reveal situations of imunossupression of
the cellular or humoral immune response using CsA alone or together
with Dexa or Beta that have induced reactivation of latent diseases
such as tuberculosis,”? Chagas’ Disease,”* toxoplasmosis,” and
leishmaniasis.’® Data of literature reported that patients with chronic
strongyloidiasis, when treated with glucocorticoids administrated
alone or together with CsA, manifested a dissemation of the
strongyloidiasis.?!*

Patients with chronic strongyloidiasis who have been treated
with CsA have suffered an activation of the infection and increased
parasitism without, however, dissemination of the parasite.>® These
results suggest that CsA probably produces some protective effects
against strongyloidiasis.** A number of cases of individuals that have
experienced dissemination of the strongyloidiasis infection after
administration of only one dose of glucocorticoids have been described
in the literature.>* In many such cases there were fatalities,'

Helminth infections are associated with eosinophilia in the
blood, cavity peritoneal and lung space.’® The results of the present
study, using mice infected by S. venezuelensis, corroborate findings
described in the literature explaining that human and experimental
strongyloidiasis are characterized by systemic increases of
inflammatory cells including eosinophils, neutrophils, mononuclear
cells.*** and mast cells in many tissues.*’ Our research also concurred
that during the infection by Strongyloides sp an increase occurs in the
influx of inflammatory cells to the peritoneal cavity and the lungs.®

In our study, S. venezuelensis infected mice treated with Dexa,
Beta and CsA demonstrated inhibited total leucocyte numbers during
the entire course of infection. This inhibition, however, exhibited
variations in all of the groups examined. Nevertheless it was clear that
the Dexa treatment was more effective in inhibiting the production
and release of these cells in the blood and migration to the peritoneal
cavity and pulmonary space. These results suggest that the fluctuations
of total leucocytes were associated with the variations of specific cells
such as eosinophils, neutrophils and mononuclear cells. A notable
inhibition of eosinophils and mononuclear cells was observed not
only in blood but also in the peritoneal cavity and lung space.

The results from all groups experienced increased neutrophil cells
in the blood, however these cells was not recruited to the peritoneal
cavity or pulmonary space. Among the three drugs administrated,
Dexa was found to be superior in providing a synthesis of neutrophils
during the infection and after the treatment. The neutrophilia observed
has also been reported in the literature.*’*> In these articles, the
authors explain that glucocorticoids increase the anti inflammatory
transcription of proteins such as lipocortina-1; IL-10, IL-1R2,*
reducing the apoptosis and increasing the Neutrophil survival.?**

Research involving various hosts infected with helminths has
revealed that treatment with glucocorticoids can produce significant
reduction in inflammatory cells. Among the efforts reported in this
area: Nippostrongylus brasiliensis in rats and mice,* Schistosoma
mansoni in mice,®* Echinostoma caprini and Echinostoma trivolvis
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in hamsters and mice,*’ Trichostrongylus colubriformis in gerbils,*
and Strongyloides stercoralis in humans.** The authors report that
hosts treated with Dexa, CsA and Beta experienced significant
inhibition in inflammatory cells and this cellular imunossupression
favored and increased the permanence of the parasites in the host,
and increasing also the fertility of the adult parasites. These results
demonstrated by the high quantity of eggs, and larvae expelled in
the feces or maintained in the different organs. Data from the present
study are in agreement with data described in the literature,*** the
number of adult females, eggs and infective larvae recovered from the
infected mice that had been treated with Dexa, Beta and/or CsA were
significantly higher than found in the infected and untreated mice.
Additionally, the three drugs, due to the imunossupression, allowed
more time for retention of the adult female parasites in the host.

The results suggest that the prolonged time of the parasitism in the
host treated with CsA was due to cellular imunossupression induced
by the drug, whereas the glucocorticoids Dexa and Beta not only
increased the time of the parasitism due to imunossupression cellular
but stimulated fertility, growth and maturation of the evaluative
forms of S. venezuelensis. This fact was clearly demonstrated by the
increased time of the intestinal parasitism, female fertility and larvae
numbers recovered from the lungs during the process of observation.

Dexa, CsA and Beta constitute a powerful set of drugs used in the
therapeutic intervention of several diseases, however, for individuals
who present chronic strongyloidiasis, treatment with these drugs,
principally with Dexa and Beta, can be life threatening. As these drugs
increase the time of parasitism, due to imunossupression, and act as
exogenous hormones stimulating growth and increasing the fertility
of the female parasites, great quantities of eggs are produced. These
findings suggests that glucocorticoids can improve fertility by adult
parasites, rabditoid larvae to grow and transform into infective larvae
and close the life cycle of the parasite, as described in the literature.'$4

The mechanisms involved in the process of activation
and maintenance of the strongyloidiasis infection induced by
glucocorticoids are still unknown. However, studies are being
conducted by our group to evaluate these mechanisms. One hypothesis
is that adult female parasites of Strongyloides sp present receptors for
eicosanoids, cytokines, and chemokines in the cuticle. These receptors
receive stimulii for reproduction and growth, disseminating the
parasite. Another hypothesis is that hosts treated with glucocorticoids
present an inhibition of the molecular and cellular components such
as eosinophils, mononuclear cells, mast cells, neutrophils, cytokines
and antibodies which contribute to the maintenance of the parasitism
and favor dissemination. In conclusion, these results showed that
glucocorticoid treatment induce disseminated strongyloidiasis while
CsA appears to be positive in host defense against Strongyloides sp
infection.
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