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Altered Autonomic Control in Rat Intestine Due
to Both Infection withAnisakis simplexand
Incubation with the Parasite’s Crude Extract

. SANCHEZ-MONSALVEZ, PhD,* C. DE ARMAS-SERR, PhD,* W. BERNADINA, PhDj
and F. RODRGUEZ-CAABEIRO, PhD*

Anisakis simplexgE may bring on allergic responses such as angioedema, vomiting, and urticaria
from eating seafood, but it is not the only etiology. Induced cholinergic hyperreactivity or adrenergic
blockade in the target tissue can cause these diseases nonimmunologically also. Here we studied
the effects on normal intestinal motility of briéf. simplexinfections andn vitro exposures to the
parasite’s extract (CE). Each approach was evaluated according to its ability to induce cholinergic
hyperreactivity or adrenergic blockade in rat duodenum (RD), jejunum (RJ), and ileuin (RHp.
Additionally, bolus propulsion in RD, RJ, and RI was evaluated with time in vivo utilizing animals
infected 4 h previously withA. simplexarvae (L3) vs sham animals. Tissues, after inoculation of
1,5, 10, and 20 L3, exhibited time- and dose-dependent motility changes after carbachol (Ch) and
noradrenaline (NA), justifying our using herein rats from the fourth hour of infection with 20 L3.
We observed a persistent, yet differential effect of the infection on RD, RJ, and RI responses to Ch
or NA. It caused cholinergic (muscarinic) hyperreactivity in RD only, and adrenergic blockade in all
other parts, and consequently increased the transitindex in RD, notin RJ or RI. In contrast, exposing
RD, RJ, and RI to CE persistently increased both parameters, amplitude of twitches and muscular
tone, in all, albeit that, here also, responses to Ch and NA were CE dose dependent. Interestingly,
sensitivity to CE was in the order Bl RJ> RD, the reverse situation of that observed during active
infection. Thus, previously viabla&. simplex.3, after digestion, can exert bystander disturbance in
autonomic control in the whole intestine. Our findings demonstrateithgiplexX_3, alive or dead,

can induce cholinergic hyperactivity and adrenergic blockade in the whole small intestine and, as a
consequence, gastrointestinal symptoms. Significantly, they may do so long before parasite-specific
IgE is detectably induced or despite the occurrence of such IgE.
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Anisakis simpleXAs) is a common gastrointestinal par- fish and shellfish in which its infective larvae (L3) have
asite of a wide variety of marine mammals. Infection is encysted. However, knowledge gained from human stud-
acquired and completed in these animals by feeding oies (1) and animal experimentation (2, 3) has shown that
As L3 can readily infect land mammals too. The human
. . . condition has only been recognized since the early 1960s,
Manuscript received February 3, 2003; accepted May 13, 2003, \yhen there were reports of humans with a severe, oc-
From the *Laboratorio de Parasitoleg Facultad de Farmacia, Uni- . .
versidad de Alca; Alcai de Henares, Madrid, Spain, atiastitute of ~ casionally fatal, syndrome after consumiAg-infested
Infected Diseases and Immunology, University of Utrecht, Utrecht, Theseafood. In these patients the L3 were shown to excyst in
Netherlands. . . . . L
. - - the gut to thereafter cause either gastrointestinal anisakio
Address for reprint requests: laBthez-Monalvez, Microbiology . . . .
and Parasitology, Faculty of Pharmacia, Aic@niversity, N-Il, Km. SIS Of, after burrowing thrPUgh_ the.gu_t wall and m!grat|r_19
33.60, Alcali de Henares, 28871 Madrid, Spain. to internal organs, ectopic anisakiosis (4). Infection with
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As like other nematodes, is accompanied by eosinophiliagentrifugation at 100,0@)for 30 min at 4C, the supernatant
mastocytosis, elevated IgE levels, and immune responsd§E) was removed. The CE was assayed for total protein using

; ; . the Bradford (Bio-Rad) or Lowry et al. assay (13). Aliquots of the
f’aSSO(_:lated with the T helper (Th)-2 subtype (5). .Howe_verCE (capable of giving final doses of 0.5 to 6 mg by the addition

: . - Sf 5-ul aliquots to the organ bath) were either used immediately
may result in strong allergic reactions (6, 7). after preparation or stored aB80°C until used.
Most of the above work has been done using animal

models or patients with confirmed presencéet.3 and  Study Animals

associated damage and responses. It is now clear, how- Wistar rats of both sexes and weighing between 180 and 200 g
ever, that manyAs infections remain unnoticed because were used in the study. Animals were housed in separate cages
there are no overt clinical signs (8). Notwithstanding that,2"d Were given water and foad libitum There were two exper-

they may be important “triggers” involved in the induc- (lg?:ental groups: uninfected controls aAdL3-infected animals

. . . . . i.e., with varying numbers of the parasite). Animals were anes-
tion of antibodies capable of causing the aforementioneghesized (with cloroform) where required, and killing was done

allergic responses (9). Moreover, a stimulus for Th-2 dif-by cervical dislocation.

ferentiation inAsL3 extracts has been demonstrated (10).

In contrast, no attention has been paid to nonimmunologidntestinal Contractility Tests

factors that may be involved in the expressiorisitype Tissue Preparation.Intestinal tissues were prepared as de-
allergy. This is surprising, as both specific IgE and mostscrlbed below to detect changes in tone, amplitude, and fre-

fthe di in which all . d hvl .guency of spontaneous contractions and adrenergic—cholinergic
of the diseases in which allergy is expressed (anaphylaxi ritability in vitro of rat intestinal segments after active para-

and urticaria—ang?oedema) Ccan occur in th? absence Qf aditazion byAsL3 or incubation withAsL3 CE. Experiments in-
lergy (7, 11). An important condition causing such sidevolving measurements of the above contractility parameters were
effects is a disturbance in the autonomic control, such agone with at least five separate sets of intestinal segments (duo-

; ; ; TR enum, jejunum, or ileum) from five rats. Small intestines from
adrenergic blockade and cholinergic hyperreactivity in theﬁlfected/uninfected rats were excised and placed in oxygenated

j[arget_ tissug (11, 12)_‘ This report pres_ents eviden(_:e th%rs at 37C. They were then cut at 1-5 cm from the pylorus, 1-
infections withAsand in vitro contacts with the parasite’s 5 cm from the Treitz ligament, and 1-5 cm from the caecum, thus

homogenate alter rat small bowel excitability to two ex- providing a proximal duodenal, a jejunal, and an ileal segment,
ogenous agonists. In addition, we demonstrate that activeespectively. The segments were cleaned out by gentle perfusion
infection alters normal small bowel propulsion ofingestedw'th KrS and then prepared for isometric muscle contraction

material. These results are interesting inasmuch as 70&1easurements.
: 9 9 Measurement of Isometric Muscle Contractions. The

of symptoms inAs allergy in our part of the world are  apove intestinal segments were each cut in to pieces 2 mm long
confined to the digestive tract (7). and suspended vertically in an organ bath (10 ml) using two silk

wires, one attached to the bath’s bottom and the other to a force
transducer (Dioden Controls Ltd., Dynamometer UF1). The or-

gan bath and its attached reservoir were kept a€3hd filled

with oxygenated KrS. The signal of the force transducer was

amplified and recorded continuously on a Powerlab program.

Drugs/Reagents ) _ Tissues were equilibrated for 30 min at&7in KrS at a resting
Carbachol (Ch) and noradrenaline (NA), both from Sigmatension 6 1 g prior to assay.

Chemical Co. (St. Louis, MO), where needed, were appropriately
diluted and added in & aliquots to the bath to make final 10 .
to 107 M solutions. PBS is sterile 10 mM phosphate-buffered Expenmgntal Protocol o .
saline (pH 7.2). PBS.pen.strep is PBS with penicillin (1 mg/ml)  Experiment 1. Determination of Ch and NA concentration-—
and streptomycin sulfate (2 mg/ml) added. Krebs’ solution (KrS)€Sponse curvesntestinal segments from u5n|nfected rats were
is a buffer composed of 119 mM CINa, 24.9 mM NaHC®@.6  tested before and after increasing (160 10°°) noncumulative

mM KCl, 1.2 mM MgCh (6H;0), 1.4 mM KH,PQ,, 0.027 mM doses of the muscarinic (Qh) or exlogenabsdren'erglc agonist
EDTA (2H,0), 11 mM glucose, and 1.5 mM CaCDxygenated (NA). After each observation, the tissues were rinsed three times

KrS is KrS (as bathing solution) aerated with a mixture of 95% and equilibrated in fresh KrS during 30 min before the addition
0, and 5% CQ. ofthe nextdose. The Ch or NA concentration that gave an evident

response was used, where appropriate, in further tests.
Experiment 2. Stimulatory/inhibitory effects of Ch or NA on

Parasite and Whole-Parasite Extracts intestines from rats previously infected with variable numbers of

EncystedAs L3 were collected from naturally infected fresh As L3: Rats were inoculated orally with 1, 5, 10, or 28L3.
blue whiting (Micromesistius poutasspuThe L3 larvae were  Control rats (i = 5) were sham infected with PBS. Intestinal
stripped of all adherent membranes and then washed (by gesegments isolated 30, 60, 120, or 240 min after inoculation (p.i.)
tle agitation) 1& with sterile saline solution and once with were exposedto Chor NA (18M)to assess responses. Agonists
PBS.pen.strept. were applied 5 min before any observation to give sufficienttime

Crude extracts (CE) were prepared from a pell&tedl3 by for the agonist delivered to reach a steady-state level. To estimate
homogenization in PBS using a glass—Teflon homogenizer. Aftemfection-induced “injury” the excitatory responses of infected

MATERIALS AND METHODS
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rat intestines to Ch or NA were compared with those of controls.of the change (in grams) from the basal, the initial tension being
Successfulinfections were confirmed by recoveAsf3 during 1 g. Frequency data are the numbers of peaks observed during
postmortem examinations. 1 min. StudyAsL3 effects on the excitability of intestinal cells
Experiment 3. The first studies realized were the effecfaf  responsive to Ch are expressed as mean percentage increases in
L3 extracts on intestine contractions. Uninfected rats were usetbne and/or amplitude of the twitches for tests performed on in-
astissue donors and tests were repeated with tissues from five ratsstines (i) without CE added, (ii) with CE added, and (iii) from
each. The first experiments involved the addition of increasingpreviously infected rats. NA-induced effects are percentage de-
(noncumulative) doses (0.5, 1, 2, 3, 4, 5, or 6 mg) of CE tocreases in amplitude of contractions due to tests performed on
the tissues to determine dose-response curves. Recordings wénéestine sources as described for Ch testing. An ANOVA was
made during 5 min and parameters analyzed were basal tonesed to analyze data before and afieiL3 contacts. Student’s
amplitude, and frequency of the spontaneous contractions. Aftet-test was used to determine the statistical significance of dif-
each observation, the applied dose of CE was washed out (bferences between means, with< 0.05 considered statistically
repeated washings of 20 min). significant.
In the second series of experiments we evaluated effeéts of
L3 CE on intestinal stimulation or relaxation. To this end, Ch- or
NA (10-® M)-induced activity after a 5-min incubation period
was examined both with and without adding CE. Doses of CE RESULTS

used were the first that, as in the preceding section, showed 3%5atermination of Ch and NA Dose—Response Curves
tivation responses (6, 4, and 2 mg of CE in duodenum, jejunum, P

and ileum, respectively). The responses found during pretrial or Ch and NA altered both the tone and the amplitude of
pretreatment (no CE added) were compared with those posttreaspontaneous twitches of all intestinal segments in a dose-
ment to indicateéAsL3-specific cholinergic or adrenergic stimu- dependent manner. For Ch and NA reproducible compos-

latory/inhibitory effects. We also examined the effect of addingite jose—response curves for five successive assays were
multiple noncumulative doses of the CE. This was intended to

analyze the adverse effects (if any) of the compound on intestina?b_ta'n?d (dat"’_‘ not ShF’W”)- .The optimal effect of bqth ag-
contractions on the excitability of intestinal cells responsive to©Nists in the different intestinal segments was obtained at
Ch or NA. The parameters analyzed were the same as describdd~® M, so this final concentration was used where re-
before. Each intestinal segment was allowed to stabilize for 45yuired in (below) further experiments.

min before assay. Then, after finding stable contractile activity

in these tissues for 15 min, six (6-, 4-, or 2-mg) consecutive

doses of CE were added to the organ baths (noncumulatively) tthtestinal Motility Effects of As Infection

determine whether, compared to the single-dose exposures (seeThe tissues of rats infected with 1-2& L3 did not
above), additional changes in test parameters occurred. In Pafaact differently from controls at any time after Ch or NA.

ellel control experiments, duodenal, jejunal, and ileal segment trast d f 28s L3 lted i | rat
were left with no CE added. Exposure period per CE dose wa n contrast, a aose o S resuited in several rats

20 min, and between steps the intestinal lumens were flushed fdraving altered responses to Ch and NA by 120 min, and
20 min with KrS to eliminate any residual effects of previous all rats by 240 min post-infectation. These data indicate
CE doses. Ch or NA (16 M) was added to the test segments time and dose dependency of events and effects on all rats

20 min after each CE exposure step. Contractile activity in th9240 min p.i.Asshown in Table 1 the normal tone and am-

above studies, where required, was recorded for 15 min; analysis;. . L
of the data, however, was performed on the last 5-min (or 1-min)Plitude of contractions changed significantly & 0.05

recordings (the control period). to P < 0.001) in all infected animal tissues after Ch. A
differential stimulatory or inhibitory effect of the infection
Intestinal Transit Index Determination on intestinal excitability was observed. While in infected

Ten rats were infected per os with 28L3/rat and 10 other  at jejunum and ileum Ch induced a 50% lower tone re-
rats were sham-infected with 1 ml PBS as control. Four hourssponse than in control rats, itincreased twofold in infected

after each rat received a 1-ml oral dose of a mixture composed ofat duodenum compared to controls. And the amplitude

10% charcoal, 10% arabic gum, and 80% water. At 10, 20, 30, 60y yyitches increased in all intestinal segments after Ch
and 120 min post-mixture inoculation, infected and control rats

were killed, the small intestine was removed, and gastrointestinﬁt'mg!us with respect to,coerI ratsL3 infection .also
transitwas characterized by the transit index (TI). Tl was definednodified thex-adrenergic response. So the amplitude of
as the ratio between the distance from the pylorus to the front ofwitches of infected rats showed a lower decrease after NA
the charcoal and the total length of the small intestine multipliedincubation than that of control rats, being more evident in
by 100. the jejunum (Table 1).

To test whether the above changed excitatory responses

Data and Statistical Analysis we ascribed to thé\s infection were not transient ef-

Data are mostly presented as means. For contractile activityects, we repeated the measurements after six consecutive

data means are expressed as the values obtained during a set pg- NA stimulati Ei 1 and 2 illustrat
riod of time (mostly 5 min) pre- and posttreatment to standardize or stimulations. Figures 1 an iffustrale exam-

the data. Amplitude data are the tension values (in grams) througRl€s of recordings in the different intestinal portions as
analyses of 25-30 peaks. Tone changes were evaluated in termgell as changes in tone and amplitude, respectively, ex-
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TABLE 1. EFFECT OFASL3 CONTACTS ONEXCITATORY RESPONSES TAEITHER CH OR NA OF
ISOLATED INTESTINAL SEGMENTS

Responses to Ch after Treatménts Responses to NA after Treatménts

Tissue NI Expt 1 Expt 2 NI Expt 1 Expt 2

Duodenum

Tone 035 Q772 129 ND ND ND

Amplitude 22 2157 32022 64.23 54.1% 25.5¢
Jejunum

Tone 164 a9ct 255 ND ND ND

Amplitude 965 16321 10.05 60.00 33.04 25.47
lleum

Tone 38 1977 1.4? ND ND ND

Amplitude 26535 344577 223212 91.12 82.63 75.53

Expt 1: rats infected per os with 28sL3. Expt 2: duodenum, jejunum, and ileum exposed to

2, 4, and 6 mg of CE, respectively. NI, not infected or sham-infected; ND, not done. Data are
expressed as mean of increment (a) or decrement (b) percentages from basal tone and/or initial
amplitudes of twitchestP < 0.05.2P < 0.001.

pressed as mean percentage changes of the Ch and MNAgnificantly changed responses to both Ch and NA. It is
response in control ands L3-infected rats. Note that clear thatin duodenum, a previous CE exposure enhances
infection changes the cholinergic response significantlycholinergic excitability so as to cause the tones to increase
during the six Ch stimulations. Moreover, the tone vari-above control values after CR(< 0.001). And the ileum
ations at the duodenum increased during the experimentyith CE induces a state that opposes normal Ch effects,
and jejunal and ileal tone showed similar variations. Onso the tone increase thereafter was dowrd®0% com-
the other handAsL3 infection also modified the NA re- pared to controls. Amplitudes of twitches after Ch were
sponse, but these changes were not uniform during the 6}icreased above normal values only in duodenal segments
NA, except at the jejunum. In general, the NA responsepretreated with CER < 0.001). In contrast, all tissues
variations were lower than those determined for the Chhad a significantly decreased response to NA vs controls
response. after a once-only dose of CE. In summary, as Table 1 in-
To analyze whether food passage was changed, we déicates, tissues previously exposed to CE behaved in a
termined Tl in sham and infected rats. As can be seen isimilar fashion to those of infected rats.
Table 2, infected rats, at test time points of 10 and 20 min, On the other hand, Figure 4 shows that the effects of the

had higher mean Tls. CE on responses in duodenum, jejunum, and ileum to Ch
(A) and NA (B) persisted during at least six incubations.
Intestinal Motility Effects of AsL3-Derived CE Note, also, that as determined with infected tissues, the

Parasite CE increased both tones and amplitudes ahagnitude of the tone changes was similar during 6X CE
twitches of all test tissues in a dose-dependent mannédn the different intestine portions and all of them were sta-
(Figura 3). Sensitivity to the CE was in the order ileum tistically significant @ < 0.05-0.001). Onthe other hand,
> jejunum > duodenum. So significantly increased re- NA response change showed clear differences (quantita-
sponses by these tissues were detected using 2, 4, and 6 tiggs and/or qualitatives) between doses in the duodenum
of CE, respectively, in the assay. Moreover, we demon-and jejunum, while the same changes were determined at
strated than CE had no cumulative effect on intestinathe jejunum throughout the experiment.
motility, because these effects were also determined af-
ter six noncumulative CE incubations, showing identical
increaments between doses (data not shown).

We have also evaluated intestine irritability using Mechanisms underlying the expression of clinical al-
cholinergic andx-adrenergic stimulations in test speci- lergy to Asare incompletely understood. Although early
mens after exposure t#s CE (duodenum, jejunum, and studies justify an allergy consistent with (past or ac-
ileum were stimulated with the above CE doses). The retive) anisakiasis, others authors are disagreement (7,
sponses to a once-only dose of Ch or NA of tissues pre8, 14). These studies, together with others indicat-
viously stimulated with CE are summarized in Table 1ing the diseases in which allergy is expressed to oc-
and responses after 6X CE are shown in Figure 4. Afcur also in the absence of allergy (11, 15), sugge-
ter a single dose, the tissues (similar to p.i. tissues) hadt a role for nonimmune factors also in the pathogenesis

DISCUSSION
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Fig 1. In vitro responses by duodenum, jejunum, and ileum of infected ratari&@kis simple{Ag L3/rat) or controls

to six successive and noncumulative exposures to carbachol (Ch) assessed by test-induced changes in muscular tone. (A)
Representative example. (B) Mean of incremental percentages from basal tone. The black columns represent the control
intestinal response and the white columns represemsie-infected intestinal response to Ch. Basal tone (in grams)

was normalized to 09N = 5.
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TABLE 2. INTESTINAL TRANSIT INDICES (T1)* no history of anisakiasis. Like in this studysinfections
in human can go unnoticed and yet be a trigger for specific
IgE induction. Inthis regard, some authors have shown that

Test time point

Treatment lomin 20min 30min 60min 120 min infections with onéAsL3 induce a T cell response (10), a
Sham 53.29 6151 7463 8162 9860 prerequisiteforsubsequentIgE and otherlg synthesis, is of
Infection 5961 6699 7629 8354  96.00  considerable interest. It has been suggested that parasitic
*Data are mean values for Tl determination performed individually on helminths’ proteases may help these invade tissues (19—
10 rats per group at the times indicated. 21). There they counteract host-protective (macrophage-

tRats infected (2@\sL3) or sham infected (PBS) per os 4 hr prior to

testing activating) Th 1 responses and stimulate Th2 responses.

It has been shown that the excretory—secretory (ES) prod-

ucts fromAs can prevent macrophages from producing
of allergy toAs The factors involved in this process are nitric oxide, which upregulates Thl (22, 23). Moreover,
not yet known, although a disturbance in the target tis-ES and CE fromAs contain a molecule like IL-4, a po-
sue’s autonomic control has been postulated. In particulatent stimulus of Th2 differentiation (10). ThuAs may,
adrenergic blockades and/or cholinergic hyperreactivitieshrough both its own IL-4 and induction of IL-4 and IL-
may induce such side effects (11, 12). To approach the gad-0 (by activated Th2), move the immune response away
trointestinal allergy problem (7), we examined infection- from type 1 toward type 2. However, despite the evidence
induced changes in bolus propulsion and responses tihat present-day allergies to seafood mainly involve such
Ch and NA in rat intestine. We also included the incu- sensitization, we would caution that, e.g., nonimmune fac-
bations withAs CE described herein, to determinefi§  tors, could produce similar effects. Moreover, seafood is
was dangerous both dead and alive. Previous studies disted with the many specific agents that activate inflam-
ours demonstrated that rat ileum, after oral CE from animatory mediators nonimmunologically (11). These find-
other fish parasité&symnorhychus gigabad altered auto- ings together with those of the present study suggest that
nomic control functions (16). Similar effects of parasitic Asreactive IgE in “allergic” subjects may reflect previous
helminths or products that elicit specific IgE but no aller- contacts rather than being the inducer of the allergic re-
gic disease have also been described (17, 18). Evocatigponse on hand. Further studies are required to clarify this
of a disturbance in autonomic control such as cholinergidssue.
hyperreactivity in the intestine is, thus, a general feature The present study demonstrated that exposure of ratin-
in hosts with helminth infections. The present work bothtestine toAsCE was also associated with a disturbance in
reconfirms this fact and extends previous descriptions ofts autonomic control. Several findings here deserve men-
the above-type changes in, e.g., ileum alone, to all smallion. First,As CE, after just the first contact, changed the
bowel segments. More importantly, this study expands allntestine’s pattern of spontaneous twitches; it increased
these previous findings by considering responses concuboth the tone and the amplitude of twitches in the entire
ring in the three main intestinal parts. Our data indicateintestine. This provides evidence that the acute problems
thatAsL3 induce intestinal hyperreativity long before any arising from eatingAs-containing seafood do not require
allergy would develop. The effect of the parasite couldthe activity of living parasites. On the other hand, it may
be observed when rats reveived 0 AsL3, indicating it  also explain why in some patients, despite their being sero-
to be a dose-dependent process. Significantly, our resultegically As-positive, no parasite is ever found. Second, the
also demonstrate that modulation here comprised cholinstudies reconfirm the dose dependency of the inducible
ergic, i.e., muscarinic, hyperreactivity in duodenum andchanges and, as a consequence, the (non)occurrence of
a-adrenergic blockade in all segments. That these were nahe associated effedtsvivo. Significantly, our results also
transient effects, or a casual finding, was indicated by theshow that the described modulation, in each intestinal part,
tests giving consistently repeatable patterns of excitabilityrequired exposure to another dos@sfCE. In this regard,
to Ch or NA. The concurrentincreased and minimized ex-sensitivity in the test parts was in the order ilewrje-
citatory responses to Ch and NA, respectively, very likelyjunum > duodenum. The occurence in the ileum of the
underlie the increased Tl found As-infected rat duode- biggest changes using the lowest dose of CE was repro-
num. The return to normal Tl values across the intestinatlucible and is surprising in view of the reversed situation
tract can be explained by the fact that their potentiatingnoted after infection. We do not have an explanation for
cholinegic effects were gradually being lost in the rats’this other than it may reflect complex differences in sensi-
jejunum and ileum. tivity to living AsL3 vs solubilized parasites. Considering

In addition to nonimmune factors, immune factors maythat the ileum and the final portion of the jejunum are the

also be involved in the “allergy” tésin individuals with  preeminent sites for immune response induction (6), their
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Fig 3. Invitro excitatory responses by rat duodenum, jejunum, and ileum after incubation to increasing
(noncumulative) doses @nisakis simplexrude extract (0.5, 1, 2, 3, 4, 5, and 6 mg). Effect (A) on

the amplitude of the twitches and (B) on the muscular tone. The black columns represent the basal
tone and the initial amplitude of the different portions of the intestine (control) and the white columns
represent the tone and the amplitude after exposuls @E doses. Data are expressed as grams and
represent the mean valud.= 5.

highest sensitivity to solublsis not unexpected. Clearly, plications. It would seem that ingestion of both living and
this propensity will allow motility disturbers presenths  nonviableAsL3 may be associated with significant acute
CE also to reach regulatory centers in the ileum moreside effects for the seafood consumer. Thus, while viable
easily than in the duodenum or jejunum. Our data indicatéAs L3, first, incite problems in the duodenum, and, then,
the ileum, vs the duodenum and jejunum, to contain eitheafter becoming solubilized, also in the rest of the intestine,
the most or the most sensitive autonomic control recepalready solubléds L3 products do so in the whole small
tors. Taken together with our infection data, these resultdowel. Our findings justify larger studies to determine the
are remarkable and may have important public health imminimum (i) numbers of livingAsL3 and (ii) dose ofAs
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INTESTINAL TONIC AND CONTRACTILE EFFECTS OFAnisakis simpleXNFECTIONS

CE that may be consumed without causing unwanted side
effects.

Unexpectedly, in the present study, unlike in @ir 2.
gigasstudy (16), we observed no accumulative effects of
the CE on test responses. We have no explanation for thisy
other than it may reflect a difference between &ggigas
and As CEs in proteolytic capacity. In our experiments
intestines are washed extensively between reexposures t&
CE. Using this protocot. gigasCE (at 20 mg/ml) was
found to increase excitatory responses to the agonists afteg,
each CE step. Thus. gigasCE, through its contained

Parasitology, Vol Ill. T Sun (ed). Berlin, Heidelberg, Springer, 1993,
pp 43-102

Jones RE, Deardorff TL, Kayes S@nisakis simplexhistologi-

cal changes in experimentally infected CBA/J mice. Exp Parasitol
70:305-313, 1990

Perteguer MJ, Qallar C: Isotype specific immune responses
in murine experimental anisakiasis. J Vet Med B 45:603-610,
1998

Van Thiel PH, Kupers FC, Roskam RTH: A nematode parasitic to
herring causing acute abdominal syndromes in man. Trop Geogr
Med 2:97-113, 1960

Kennedy MW: Immune responses Amisakis simplexand other
ascarid nematodes. Allergy 55 (Suppl 59):7-13, 2000

enzymes, at each subsequent step seemed to destroy moge Bell RG: The generation and expression of immunity to

tissue, causing the cumulative effects noted. In view of
the fact that such results were obtained using CE at 20
mg/ml, it was not surprising that consonant effects were
not observed in this study.

In conclusion, our results demonstrate that eating boths.
living and deadAs L3 can cause acute gastrointestinal
problems. As well as rapidly (in 4 hr) and consistently
increasing the amplitude of twitches in duodenumsin- '
fection inhibited relaxation of tone in all segments. We
observed these responses without a likely prior sensitiza-

tion (by IgE), suggesting thas-specific IgE may have a 10

secondary role only (if any) in acute symptom induction
in vivo. Interestingly, the disturbance in autonomic con-4
trol in the target tissue we describe can cause anaphylaxis
and urticaria—angioedema, in the absence of allergy (11).
Our finding the above effects &s CE in jejunum and
ileum also is interesting, as it provides evidence thsit
L3 killed and digestedn vivo can exert such bystander

effects in jejunum and ileum. True enough, we have not 3.

established in our study whether the changes caused by

As CE would, in the end, result in the host presenting ant4:

allergy-like disease. However, in this regard, it may be
significant that oral CE from the fish parasiie gigas
was found to cause the above effects in intesiinetro
and immediate-type discomfartvivo(12, 16). These re-

sults suggest that, despite the current opinion that eatinéf-

a few As L3 or physically destroyeds L3 involves no
health risks, there is a wider public health problem that
has yet to be recognized by both the general public and
scientists. 17.

ACKNOWLEDGMENT

This work was supported by a grant from the Ministerio de 18.
Ciencia y Tecnologi, Spain, Project CAL00-011-C2-01.

REFERENCES 19.

1. ltshikura H, Kikuchi K, Nagasawa K, Ooiwa T, Takamiya H, Sato 20.
N, Sugane K: Anisakidae and anisakidosisProgress in Clinical

Digestive Diseases and Sciences, Vol. 48, No. 12 (December 2003)

12.

15.

Trichinella spiralis in laboratory rodents. Adv Parsitol 41:149-217,
1998

7. Audicana MT, Ansotegui |1J, Feandez de Corres L, Kennedy, W:

Anisakis simplexDangerous—dead and alive? Trends Parasitol
18:20-25, 2002

Domhguez-Ortega J, Martez-Gicera, C: Gua de actuacn en
patologa producida poAnisakis{Guidelines in pathology induced
by Anisaki§. Alergol Inmunol Clin 15:267-272, 2000.

9. Perteguer MJ, Chivato T, Montoro A, Elldr C, Mateos JM, Laguna

R: Specific and total IgE in patients with recurrent, acute urticaria
caused byAnisakis simplexAnn Trop Med Parasitol 94:259-268,
2000

Ci€llar C, Perteguer MJ, Rodero M: Presence of IL-4-like molecules
in larval excretory-secretory products and crude extracts from
Anisakis simplexScand J Immunol 53:483-488, 2001

. Terr Al: Mechanisms of hypersensitivitp Medical Immunology,

9th ed. DP Stites, Al Terr, TG Parslow (eds). Upper Saddle River,
NJ, Prentice—Hall International, 1997, pp 376-388

Vazquez-lopez C, de Armas-Serra C, Rivera L, de la Villa P,
Rodriguez-Caabeiro, F: Effect @ddymnorhynchus gigaglerocer-
coid crude extract on the rat ileum motility “in vitro.” Int J Food
Microbiol (in press)

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein measure-
ment with the Folin phenol reagent. J Biol Chem 193:265-275, 1951
Pichler WJ: Anisakiasis: Immunity, allergy or both? Lessons on the
natural role ofimmunoglobulin E from a nematode infestation. Clin
Exp Allergy 29:1161-1163, 1999

Schultheiss G, Diener M: Inhibition of spontaneous smooth muscle
contractions in rat and rabbit intestine by blockers of the thrombox-
ane A2 pathway. J Vet Med A 46:123-131, 1999

Vazquez-lopez C, de Armas-Serra C, Bernadina W, Rgdez-
Caabeiro F: Oral inoculation witymnorhynchus gigasduces
anti-parasite anaphylactic antibody production in both mice and
rats and adverse reactions in challenge mice. Int J Food Microbiol
64:307-315, 2002

Foster N, Dean EJ, Lee DL: The effect of homogenates and ex-
cretory/secretory products ®fippostrongylus brasiliensiand of
acetylcholinesterase on the amplitude and frequency of contrac-
tion of uninfected rat intestine “in vitro.” Parasitology 108:453-459,
1994

Foster N, Lee DL: A vasoactive intestinal polypeptide-like protein
excreted/secreted hYippostrongylus brasiliensiand its effect on
contraction of uninfected rat intestine. Parasitology 112:97-104,
1996

Sakanari J, McKerrow J: Identification of the secreted neutral pro-
teases fromAnisakis simplexJ Parasitol 76:625-630, 1990
Vazquez-lopez C, de Armas-Serra C, Géméz-Pardo C,
Rodnguez-Caabeiro F: Proteolytic activity of ti@/mnorhynchus

2351



SANCHEZ-MONSALVEZ ET AL

gigas plerocercoid: purification and properties of a col- 22. Liew FY: The role of nitric oxide in parasitic diseases. Ann Trop

Parasitol Res 85:64-70, Med Parasitol 87:637-642, 1993
23. Cigllar C, Perteguer, MJ, de las Heras B: Effectnisakis simplex

on nitric oxide production in J774 macrophages. Scand J Infect Dis
30:603-606, 1998

lagenase from the crude extract.

1999
21. Sajid M, McKerrow JH: Cysteine proteases of parasitic organisms.

Mol Biochem Parasitol 120:1-21, 2002

2352 Digestive Diseases and Sciences, Vol. 48, No. 12 (December 2003)



