4 - ORIGINAL ARTICLE

Nitric oxide monocyte production levels in patients with the hepatosplenic form
of Scistosoma mansoni infection who underwent splenectomy, ligature of the
left gastric vein and auto implantation of spleen tissue in the major omentum!

Niveis de 6xido nitrico produzidos por mondcitos em portadores de esquistossomose
hepatoesplénica que se submeteram a esplenectomia, ligadura da veia gastrica
esquerda e auto-implante de tecido esplénico no omento maior

Carlos Teixeira Brandt?, Carlos Roberto Carvalho Leite®, Francisco Machado Manhaes-de-Castro®, Erika Michelle
Correia de Macedo*, Rebecca Peixoto Paes Silva*, Célia Maria Machado Barbosa de Castro®

1. Department of Surgery, Pediatric Surgery Division and Laboratory of Immunology and Pathology Keijo Assami (LIKA), Federal
University of Pernambuco (UFPE), Brazil.

. Full Professor, Ph.D, Head Division of Pediatric Surgery, Health Sciences Center, UFPE, Brazil.

. Master of Sciences in Surgery, UFPE, Brazil.

. Medical Student, Scholarship in Research from the Brazilian National Research Council (CNPq), UFPE, Brazil.

. Associate Professor in Tropical Medicine, Ph.D, Health Sciences Center, UFPE, Brazil.

W AW

ABSTRACT

Purpose: To measure the levels of NO production by monocytes in patients with the hepatosplenic form of schistosomiasis
mansoni who underwent splenectomy, ligature of the left gastric vein and auto implantation of spleen tissue in the major
omentum. Methods: Four groups of volunteers were enrolled in the investigation: G1 — 12 patients with S. mansoni
infection in its hepatosplenic form without any kind of treatment (SMH); G2 — 13 SMH patients who underwent medical
treatment and portal hypertension decompression — splenectomy and ligature of the left gastric vein (SMH/SLGV); G3 - 19
patients similar to the later group, but additionally received auto implantation of spleen morsels in the major omentum
(SMH/SLGV/AI); and G4 - 15 individuals with no S. mansoni infection coming from the same geographical area and
presenting similar socio economical status (CG). Nitrite production by monocytes was determined by a standard Griess
reaction adapted to microplates. The results were presented by mean + SD for each group. Significant differences in NO
production by monocytes were determined by Tukey-Kramer multicomparisons test. Probability values of 0.05 were
considered significant. Results: Patients from G1 (SMH) showed lower level of NO production by monocytes (5.28 +
1.28umol/ml). Patients from G2 (SMH/SLGV) showed similar results (6.67 = 0.44pumol/ml—q=2.681 p > 0.05). Individuals of
G4 (CG) showed higher level of NO production by monocytes (8.19 = 2.74umol/ml). Patients from G3 (SMH/SGLV/AI)
showed similar NO production by PBMC as compared to individuals of G4 (CG)—(7.41 + 1.65umol/ml—q=1.615 p>0.05).
The volunteers from G4 (CG) and G3 (SMH/SLGV/AI) showed significantly greater levels of NO production by monocytes
as compared to those from G1 (SMH) —(q=5.837 p<0.01, and q=4.285 p <0.05). Conclusion: Collectively, the results point
to a restoration of NO normal production by monocytes in SHM patients who underwent medical and surgical treatments,
especially in those who had received auto implantation of spleen tissue in the major omentum after splenectomy and
ligature of the left gastric vein. The data gives further support to the hypothesis that this additional procedure is important
in the restoration of the immune response of these patients, since NO synthesis by the monocytes correlates with
protective immunity against infection; thus, protecting them against overwhelming post splenectomy infection.

Key words: Schistosomiasis. Splenectomy. Nitric, Oxide.

RESUMO

Objetivo: Mensurar os niveis de producdo de ON por monocitos do sangue periférico (MSP) em portadores de
esquistossomose na forma hepatoesplénica que tinham se submetido a esplenectomia, ligadura da veia gastrica esquerda
¢ auto-implante de tecido esplénico no omento maior. Métodos: Quatro grupos de voluntarios foram envolvidos na
investigacdo: G1 — 12 portadores de esquistossomose hepatoesplénica sem nenhuma forma de tratamento (EHE); G2 — 13
portadores de EHE que receberam tratamento clinico e se submeteram cirurgia para descompressao do sistema porta —
esplenectomia e ligadura da veia gastrica esquerda (EHE/ELGE); G3 - 19 pacientes similares ao do ultimo grupo, mas que
receberam também auto-implante de fragmentos de tecido esplénico no omento maior (EHE/ELGE/AI); e G4 - 15 individuos
sem infec¢do pelo S. mansoni advindos da mesma area geografica e apresentando as mesmas condigdes sdcio-econdmicas
(GC). A produgdo de ON pelos MSP foi determinada pela reag@o padrdo de Griess, adaptada para pogos em microplaca. Os
resultados foram expressos por suas médias + DP para cada grupo. Diferengas significantes nas medias de producdo de
ON pelos MSP foram determinadas pelo teste de comparagdes multiplas de Tukey-Kramer. Foram aceito os limites de
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significancia de p < 0,05. Resultados: Os pacientes portadores de EHE néo tratados (G1) evidenciaram os niveis mais
baixos de produgdo de ON pelos MSP (5,28 = 1,28 umol/ml). Os pacientes do G2 (EHE/ELGE) evidenciaram resultados
similares (6,67 = 0,44pumol/ml—q=2,681 p>0.05). Os individuos do G4 (GC) evidenciaram os mais altos niveis de producdo
de ON pelos MSP (8,19 +2,74umol/ml). Os pacientes do G3 (EHE/ELGE/AI) evidenciaram produgéo de ON produzido pelos
MSP similares aos individuos do G4 (GC)—(7.41 £ 1.65umol/ml—q=1.615 p > 0.05). Os voluntarios do G4 (GC) ¢ os do G3
(EHE/ELGE/AI) evidenciaram de forma significante maiores niveis de producdo de ON pelos MSP quando comparados
com os voluntarios daquele do G1 (EHE) — (q=5.837 p <0.01, ¢ q=4.285 p <0.05). Conclusio: De forma coletiva, os
resultados apontam para o restabelecimento da normalidade da produgdo de ON pelos MSP dos portadores de EHE que
receberam tratamento clinico e se submeteram ao tratamento cirurgico, especialmente, aqueles que receberam auto-implante
de fragmentos de tecido esplénico no omento maior apos esplenectomia e ligadura da veia gastrica esquerda. Os dados
dao suporte adicional a hipétese de que esse procedimento adicional é importante no restabelecimento da resposta imune
desses pacientes, desde que a sintese de ON pelos MSP se correlaciona com a imunidade protetora contra infecg@o; dessa

forma, protegendo-os contra infec¢@o disseminada apos esplenectomia.
Descritores: Esquistossomose. Esplenectomia. Oxido Nitrico.

Introduction

Schistosomiasis is a millenary disease, which affects more
the 200 million individuals distributed in 76 countries in Africa,
Asia or America. Among these, 10% present the severe form of
disease and 50 to 60% of infected people (more than 100 million)
present clinical manifestation of the disease, constituting a
huge public health problem'. In Brazil, the Schistosomiasis
Control Program has been very successful in reducing infection
prevalence but did not interrupt transmission, nor reduced
prevalence rate to less than 5%. In the Northeastern region of
Brazil occurs the greatest prevalences®. The reduction of
morbid-mortality of this infection results from massive use of
oxamniquine and praziquantel treatment®. As regard to
Scistosoma mansoni infection in Pernambuco State — Northeast
Brazil, a spatial analysis reveals that although from 1995 to
1999 there was a spread of admissions due to this condition in
the municipalities (counties) of “Sertdo” (backlands or
countryside) and Sdo Francisco river valley, the number of
municipalities with hospitalizations due to schistosomiasis
decreased from 1995 to 1998, followed by an increase in 1999
and 2000°. In this State the surgical treatment for the portal
hypertension in the hepatosplenic form includes splenectomy
and ligature of the left gastric vein*; in children, auto
implantation of spleen tissue in the major omentum is added®.
The risk of severe infection is an important health problem in
splenectomized patients, greater in children, but still present in
adults with the overall rate of 7.0 per 100 persons-years (95%
confidence interval, 6.30—7.78)°. The immune protective effects
of'the splenosis after spleen tissue auto implantation in children
with mansoni schistosomiasis who underwent splenectomy
has been studied, but although several studies”® have given
support to the concept that the maintenance of residual immune
function after auto implantation of spleen tissue is beneficial
against overwhelming postoperative severe infection, the
subject is still matter of controversy when the monocytes of
these patients are submitted to stress®. The fundamental
initiating factor in portal hypertension of patients with mansoni
schistosomiasis is an increase in resistance to portal venous
flow. Portal venous pressure rises as a consequence, and
collateral channels open to decompress the portal venous
system. A number of secondary haemodynamic phenomena
occurs with portal hypertension. Systemic vascular resistance
and mean arterial blood pressure fall and both cardiac vascular
output and splancnic blood flow increase. Current theories
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suggest that increased vascular production of nitric oxide (NO)
may have a principal role in the pathogenesis of these
secondary haemodynamic changes’. NO production is also
known to increases following the deposition of parasite eggs
in the liver during the infection with Schistosoma mansoni in
mice and remains elevate until death. In these animals increased
NO production by cultured spleen cells correlated tightly with
increased disease severity suggesting a deleterious role for
this mediator. Defining the role of NO during schistosomiasis
disease has become particularly relevant in light of recent
findings showing that peripheral blood mononuclear cells
(PBMC) from infected patients are capable of in vitro NO
production following exposure to S. mansoni antigens'®, It
has been observed that the absence of NO during acute
schistosomiasis leads to increased hepatic damage
characterized by hepatocyte apoptosis and increased
hepatocellular enzyme release''. These findings are supportive
of'the proposed protective role for NO in preventing hepatocyte
damage induced by TNF-alpha and oxygen radicals'?. On the
other hand, NO seems to be pivotal in the regulation of
granulomatous responses to liver involvement of the S.
mansoni infection'. As regard to overwhelming infection
NO is believed to play a key role in the pathogenesis of septic
shock, although many aspects of the involvement of NO remain
poorly defined. The elevated circulating nitrite/nitrate — the
stable byproducts of NO observed in septic patients —
combined with the reduction in vascular tone seen after
endotoxin or proinflammatory cytokine administration, and the
identification of endothelium-derived relaxing factor (EDRF)
as NO'5,'6 led to the suggestion that NO is involved in the
cardiovascular alterations of septic shock'”. The purpose of
the present investigation was to evaluate the levels of nitric
oxide produced by cultured monocytes of patients suffering
from the hepatosolenic form of schistosomiasis mansoni in
adolescents and young adults, who underwent splenectomy,
ligature of the left gastric vein and auto implantation of spleen
morsels in the major omentum.

Methods

The study was prospective and performed at the
Department of Surgery (Pediatric Surgery Division) and
Laboratory of Immunology Keijo Assami (LIKA) — Federal
University of Pernambuco (UFPE).
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Patients

G1 — 12 patients with S. mansoni infection in its
hepatosplenic form without any kind of treatment (SMH).
Ten were females and two males. Ages varied from 10 to 30
years (Mean = 20.0 £+ 2.1 years). All patients came from
endemic area for S. mansoni. Kato-Katz was positive in
each patient (Group with active disease).

G2 - 13 SMH patients, similar to G1, but presented
upper digestive bleeding. Nine were females and four were
males. Ages varied from 18 to 30 years (Mean =24.6 + 3.4
years). They underwent medical treatment and portal
hypertension decompression — splenectomy and ligature
of the left gastric vein (Reference Group - SMH/SLGV).

G3 - 19 patients clinically similar to the ones in G2.
Thirteen were females and six were males. Ages varied from
16 to 25 years (Mean=20.2 + 3.6 years). All of them received
pre-operative medical treatment with a single dose of
oxaminiquine 20mg/Kg. They underwent splenectomy,
ligature of the left gastric vein and auto-implantation of ten
slices of spleen tissue, without the capsule, into an omental
pouch in the major omentum. The measurements and
weights of the implanted slices were approximately: 3 x 2 x 2
cm and 10 g each. In this regard all patients in this group
presented satisfactory splenosis assed by nuclear medicine
(Study Group - SMH/SLGV/AI). Patients presenting
recurrent upper digestive hemorrhage in the follow-up were
included in the protocol for endoscopic sclerosis of
esophageal varices. The patients of this group underwent
colonoscopy every year in the postoperative follow-up,
which average in this group is seven years, for continuous
observation of the colopathy, and also for assessing
residual infection of S.mansoni by the quantitative egg
count in a routine three submucosal colon biopsies. Five
patients (26.3%) with positive viable eggs received a second
medical treatment with praziquantel in a single dose of 30mg/
Kg. Laboratory investigation in this group included liver
function tests for assessing hepatic functional reserve.
Before medical and surgical treatment 14 (73.7%) patients
were classified as Child-Pugh A and 5 (26.3%) were Child-
Pugh B. In the last post-operative follow-up evaluation 17
(89.5%) patients were Child-Pugh A and 2 (10.5%) were Chid-
PughB.

G4 - 15 individuals without S. mansoni infection. They
lived in the same geographical area, and presenting similar

socio economical status of patients enrolled in groups G1,
G2 and G3. Eight were females and seven were males. Ages
varied from 15 to 28 years (Mean = 19.3 + 4.3 years) - (Control
Group - CG). All patients were cared for at the University
Hospital (Hospital das Clinicas), Federal University of
Pernambuco, Brazil.

Obtaining monocytes from the mononuclear cells of
peripheral blood (PBMC): 15-mL samples of whole blood
were aseptically collected by peripheral venous puncture
in a vautainer tube with EDTA. Next, after being placed in
50-mL Ficoll tubes (Talpiot Industrial, Isracl) with a
phosphate buffer (PBS — 0.01 M) to reach a volume of 45
mL, the samples were centrifuged for 30 minutes (1200 rpm,
2°t0 8°C). The aspirated plasmas and layers of PBMC were
then collected and transferred to 50-mL sterile centrifuge
tubes (Corning Incorporated, USA), to reach a volume of
45 mL once again with PBS (0.01 M). Two further lavages
were performed and the precipitates resuspended in 2 mL
RPMI 1640 culture medium, supplemented with 3% bovine
fetal serum, 100U/mL of penicillin and 100 mg/mL of
streptomycin. Next, PBMC were counted in a Neubuer
chamber. The cell concentrations were adjusted to 1.0 x 10¢
cells in 1 mL of culture médium. After being placed on plates,
1 mL was dispensed from the suspension (1.0 x 10° cells for
1 mL of RPMI 1640) in each well and transferred to a sterilizer
in a humid environment at 37° with 5% of CO2 for 1 hour.
Next, following lavages performed with RPMI 1640 to
remove nonadherent cells, the plates were left in the sterilizer
for another 60 minutes. From then on the method for
quantification of the NO by the cells in culture was followed.

Nitrite quantification: Monocytes were treated with
activating agent (LPS — 10mg/mL for 24 hours) in 96-well
plates. NO2- concentration in culture supernatants was
measured to assess NO production. Fifty ml of sample
aliquots were mixed with 50ml of Griess reagent (1%
sulfanilamide/0.1% naphthylethylene diamine
dihydrochloride/2% phosphoric acid) in 96-well plate and
incubated at 25°C for 10 min. The absorbance at 550nm was
measured on a microplate reader. NaNO2 was used as the
standard to calculate NO2- concentrations.

Results
The mean levels of nitric oxide (NO) produced by

cultured monocytes of patients and control individuals are
expressed in Table 1.

TABLE 1 - Mean levels of NO produced by monocytes (umol/ml) of the four groups.

Groups: SMH; SMH/SLGV; SMH/SLGV/AI and CG Mean £+ SD
pmol/ml
Carriers of hepatosplenic schistosomiasis mansoni (SMH) 53+1.3
Splenectomized patients (SMH/SLGV) 6.7+0.4
Spleen tissue auto implanted patients (SMH/SLGV/AI) 74+1.6
Control group (CG) 82+2.7

Tukey-Kramer multiple comparisons test
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Comparison Mean Difference q P value

CGvs SMH/SLGV/AI 0.77 1.615 P>0.05
CGvs SMH/SLGV 1.52 3.055 P>0.05
CGvs SMH 2.90 5.837 P<0.01
SMH/SLGV/Al vs SMH/SLGV 0.75 1.503 P>0.05
SMH/SLGV/AI vs SMH 2.13 4.285 P<0.05
SMH/SLGV vs SMH 1.38 2.681 P>0.05

Discussion

Is it possible to control S. mansoni infection? There
are several actions that combined could be adopted in
the attempt of controlling schistosomiasis mansoni in
Brazil. Among them: 1 — intermediary host’ control
through molluscicides or biological methods; 2 —
improvement of basic sanitation conditions and water
potable supply; 3 — sanitary education for exposed
population; 4 — individual or massive treatment of people
in areas of high prevalence; 5 — individual protection
against penetration of cercarias; 6 — vaccine for exposed
people, if there is an efficient one?. The hurdles to
overcome these actions are: 1 — intermediary hosts’
control large dissemination and their escape mechanisms
from molluscicides and from biological control, besides
high costs and low efficacy; 2 — high costs associated
with the implementation of sanitary conditions and water
supply, and intense contact of rural population with
polluted water, outside dwellings, in particular, in
agricultural and fishing activities or other eventual
activity; 3 — the long time needed for sanitary education
and for community to adhere to controlling programs; 4
— individual or massive treatment has been shown
efficient for controlling the morbidity, but not for
reducing prevalence due to reinfections; 5 — until the
present days, there not an effective vaccine for
preventing schistosomiasis>. However, although these
considerations are true, the main reason is the lack of
political determination for bridging the huge social
economic gap among social extracts of the Brazilian
population. It must be stressed that all volunteers of the
four groups included in this research lives in rural area,
come from low income social extract and present low level
of education. Basic education for all people, especially
for the low income population, would be the starting
point for solving this important social health problem in
some states of Brazil, including Pernambuco’. Better
economic distribution would follow. These basic steps
would be important to control this world neglected
disease, prevalent in several countries including Brazil'.
The knowledge about the downstream effector cells that
regulate inflammatory responses and how their functional
activity is controlled by the immune response may reveal
new and/or improved approaches for disease intervention
in general'®. NO is implicated as an integral component
of the host armament against invading parasites. In case
of S. mansoni infection NO plays a role in regulating of
egg-induced inflammation, preventing liver hepatic cell
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death and widespread tissue damage. However, in spite
of this important role NO production requires tight control
to limit cytotoxic damage to the host” own cells.
Unregulated production may lead to a variety of
damaging effects, including alterations to neurological
functions''. In NO synthase-2 (NOS-2) deficient mice
sensitized with S. mansoni eggs/IL-12 not only fail to
control their egg-induced inflammatory response, but
actually display a marked exacerbation in the reaction
despite developing a Thl-deviated response's. NOS-2
remained the dominant although not exclusive, response
in mice infected by S. mansoni'®. For example, when NOS-
2 is induced in mice sensitized with S. mansoni eggs and
IL-12, the animals develop smaller and much less fibrotic
granulomas when subsequently infected!. There is a
beneficial role for NOS-2 in the regulation of liver
inflammation regarding S. mansoni infection, suggesting
that the ultimate success of Th2-toTh1 immune deviation
strategies of the host will rely on the efficient activation
of NOS-2 expression in downstream effector cells'. It is
important to stress that some eggs laid by adults S.
mansoni pairs are trapped in the liver, a process that can
lead to marked inflammation, tissue eosinophilia, collagen
deposition, and ultimately portal hypertension and severe
hepatic fibrosis in some patients's. Nitric oxide levels
can up or down regulate the liver inflammatory process
and produce immune deviation, specially considering
that the treated patients persists living in the same
environment an are at risk of suffering a new infection
(reinfection). In this regard, it is important that the mean
NO levels by monocytes of the study group (SMH/SLGV/
Al) was similar to that of the control group (CG). NO, a
molecule produced by numerous cell types including
monocytes, is implicated in a wide range of disease
processes, exerting both detrimental and beneficial effects
at the cellular and vascular levels. Sepsis is one arca
where NO is thought to play a key role in pathogenesis.
Importantly, most NO research has been conducted on
animal models. In attempting to understand the
complexities of NO in sepsis and interpret the many
apparently conflicting results available. The situation can
vary according to the species being studied, the model
of sepsis employed, and the concentrations of NO
involved. Also, the timing of measurements and
observations may vary according to the type of receptor
blockade employed?®®. The pathogenic role of NO in
overwhelming infection and septic shock can, in fact,
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encompass both vascular alterations and the direct
cellular toxic effects of NO or NO-related compounds. At
high concentrations, NO becomes a potential
proinflammatory and cytotoxic factor by reacting with
O? to form the toxic product, peroxynitrite, and may cause
tissue damage. In several experimental models, endotoxin
has been shown to increase the constitutive release of
NO by the endothelium and the activity of the nitric oxide
synthase isoforms (iNOs} enzyme?’. Mice lacking iNOS
have been reported to be resistant to endotoxin-induced
mortality?! and vascular hypocontractility??, supporting
a key role for iNOS in endotoxin shock. In addition to
endotoxin, cell wall components and enterotoxin from
gram-positive organisms are also able to stimulate NO
release?’. Considering that patients suffering from
different diseases who underwent splenectomy are at risk
of overwhelming post splenectomy severe infection® it
is important to consider that patient carriers of
hepatosplenic schistosomiasis mansoni who undergo
this surgical procedure for decompressing the portal
pressure should remain with residual spleen tissue; this
is specially true for children. We have shown that several
functions of monocytes in patients from the study group
remain similar to those from control individuals without
S. mansoni infection®”%. It may be important to consider
that these patients, at long term follow-up are also
presenting improvement in the liver function, this is again
true even for those who persisted with residual infection,
and have received a second medical treatment with
praziquantel?. It is well known that good hepatic
functional reserve is important in providing immune
response to infection. The patient carriers of the chronic
hepatosplenic form of schistosomiasis mansoni
presented the lower levels of NO production by
monocytes. This has been observed in some parasite
disease, including schistosomiasis. Usually the NO levels
are high in the acute phase of the disease and decreases
in the chronic stage?. On the other hand, the patients
from the study group presented with no different mean
level of NO production by monocytes when it is
compared with that of the individuals from the control
group. There is no available information that maintaining
splenic residual function by providing splenosis after
splenectomy is associated to NO production by
monocytes. However, while the mean level of the NO
production by monocytes from patients of the study
group was significant greater (q = 4.285 p < 0.05) than
the one of patients with hepatosplenic schistosomiasis
mansoni; this did not happen when the mean results of
the solely splenectomized patients were compared with
that of the later patients (q = 2.681 p > 0.05).

Conclusion

Collectively, the results point to a restoration of NO
normal production by monocytes in SHM patients who
underwent medical and surgical treatments, especially in
those who had received auto implantation of spleen
tissue in the major omentum after splenectomy and
ligature of the left gastric vein. The data gives further
support to the hypothesis that this additional procedure

is important in the restoration of the immune response of
these patients, since NO synthesis by the monocytes
correlates with protective immunity against infection;
thus, protecting them against overwhelming post
splenectomy infection.
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