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The immunity induced expulsion of adult Nippostrongylus brasiliensis from the
intestine of rats involves at least two separate steps. The worms are damaged by
antibodies in the first step, but antibody action alone cannot expel them and a
further step expels the damaged worms (Ogilvie & Hockley, 1968; Jones & Ogilvie,
1971). There is some evidence which suggests that the release of amines (probably
from mast cells by an anaphylactic reaction) is involved in expulsion of damaged
worms (reviewed by Ogilvie & Jones, 1971), but recent work indicates that pro-
tective antibodies, reaginic antibodies and a functional amine release system can
be present without the worms being expelled. This situation occurs in lactating
female rats which will expel their worms only when given cells from immune,
non-lactating donors (Connan, 1970; Dineen & Kelly, 1971). Therefore, either
amine release is not involved in worm expulsion or it is triggered only by sensitized
lymphocytes. If this is the case, then worm expulsion is a three-step reaction:
antibody action; a triggering action related to lymphocytes; amine release. The
present work which examines the effect of various drugs on the expulsion of
damaged worms suggests that drugs which affect cellular release mechanisms in
general, prevent worm expulsion. If this is correct, then drugs which affect worm
expulsion may do so not by their effect on amines, but by affecting the release of
effector substances from lymphocytes; worm expulsion will be a two step mechan-
ism in which lymphocytes expel worms once they are damaged by antibodies.

MATERIALS AND METHODS

Rats and parasites

Male colony-bred Osborne-Mendel rats weighing 180 -200 g were used for worm
infection. Methods for maintenance and recovery of N. brasiliensis and for count-
ing eggs in rat faeces were as described earlier (Keller, 1970a).

Transfer of 'normal' and 'damaged' worms. Adult worms from donor rats were
recovered on day 6 ('normal' worms) or day 11 ('damaged' worms) after an initial
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infection, and 300 worms of either type were injected into the small intestine of
recipient rats as described by Ogilvie & Hockley (1968). Six days later, the
number of the worms still present in the small intestine was assessed.

Worm counts. Adult worms present in the intestine of each rat were harvested
by a modified Baermann technique as described by Ogilvie (1965a), and counted.

Drugs

The drugs used and all details concerned with them are given in Table 1.

Experimental plan

Infections were established either by transplanting worms from donor rats
into the intestine of recipients, or by infecting with larvae.

Expulsion of damaged and normal adult worms. Groups consisting of 15 to 20 rats
were infected on day 0 by transferring worms directly into the intestine. Two
groups, one infected with normal worms, one with damaged worms, were not given
any treatment and served as controls. The remaining groups were infected with
damaged worms and treated with various drugs either once or twice a day as
summarized in Table 1, from day — 3 to day 5. On day 6, the worms were recovered
and counted.

Expulsion of worms from rats infected with 4000 larvae. All rats except worm free
controls were infected with 4000 larvae s.c. on day 0. Each group consisted of 15
rats and group faecal egg counts were done every day from day 6 to 21. Compound
48/80, histamine, cyproheptadine and saline were injected from day 8 to day 20
after infection, as summarized in Table 1. On day 21, the rats were killed, individual
sera collected and the homologous passive cutaneous anaphylaxis titre (PCA) was
determined as outlined previously (Keller, 1970a; Keller & Jones, 1971). At the
same time, all the worms were counted, fixed in 70 % ethanol, embedded in para-
ffin wax and sections 5 /tm thick were cut and stained with haematoxylin and eosin.

RESULTS

The effect of drugs on worm expulsion

Rats were infected by transferring worms damaged by immunity directly into
their intestines from donor rats. These rats were treated with various drugs, using
doses and dosage routines outlined in Table 1. All drug treatments were well
withstood by the rats and no significant weight changes were observed. The
results of these experiments are shown in Table 2. The chronic administration of
histamine, compound 48/80, prednisolone, phenylbutazone, theophylline or iso-
prenaline significantly inhibited the expulsion of damaged worms from rats. In
contrast, the expulsion of damaged worms from rats was accelerated by treatment
with the histidine decarboxylase inhibitor, ^-toluene sulphonylhydrazine. The
following drugs had no effect on the rate of worm expulsion: mepyramine, UML
419, salicyalte, oxyphenonium bromate or saline.

The activity of some of the drugs tested in rats infected with damaged worms
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was also assessed in rats infected with larvae, and drugs behaved similarly in both
systems. In rats infected with larvae, expulsion of adult worms was delayed
following treatment with histamine, compound 48/80, and prednisolone but saline
and cypropheptadine had no effect (Table 3).

1:500 r • •

1:250

1:100

1:50

1:10 -
1:1

Fig. 1. Individual 72 h PCA titres of sera collected on day 21 after a primary
infection with 4000 JV. brasiliensis larvae. Additional treatments: 1, none (controls);
2, saline; 3, compound 48/80; 4, histamine; 5, cyproheptadine; 6, prednisolone (same
animals as in Table 3).

Experiments to investigate the effect of compound 48/80 and
histamine on worm expulsion

(a) Effect on antibody production
When the worms were collected from the rats in the experiment summarized in

Table 3, individual serum samples were also collected from each rat. The indivi-
dual 72 h PCA titres of the sera were assessed and the mean values for each experi-
mental group are shown in Fig. 1. This experiment (which has been repeated
several times) shows that the PCA titre of serum from rats treated with 48/80
is reduced, but no other treatments significantly or repeatedly affected the PCA
titre. To test whether traces of compound 48/80 might be present in these sera and
thus be responsible for the low PCA titres, the sera were tested for their capacity
to release histamine from isolated rat peritoneal mast cells, but no histamine
release was ever detected in this test.

15 P A R 64
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The worms obtained from the rats in this experiment were examined histo-
logically for signs of immune damage (Ogilvie & Hockley, 1968; Jones & Ogilvie,
1971). All worms showed characteristic structural changes, indicating that protec-
tive antibodies were present in all rats whether or not they were treated with
drugs.

(b) Intestinal histamine levels in rats treated with compound 48/80

Histamine levels throughout the length of the small intestine in normal rats
which were not infected or drug treated and in uninfected and infected rats treated
with compound 48/80 was determined, using the methods given in detail in Keller
(1971). Worm infected, drug treated rats were killed on days 9, 12, 13, 14
and 16 and the infected regions of the intestine noted. The results are shown in
Table 4.

In uninfected control rats, chronic treatment with compound 48/80 resulted
in a marked rise of intestinal histamine levels. In the nematode-infected rats
treated with compound 48/80, a similar increase in intestinal histamine occurred
but in the regions, in which the main worm burden was located, histamine levels
were lower, as has previously been known in infected rats not treated with com-
pound 48/80 (Keller, 1971).

DISCUSSION

Chronic administration of compound 48/80 prevented worm expulsion, confirm-
ing earlier observations (Keller, 1970&). Administration of compound 48/80 was
shown to increase gut histamine levels (Table 4), and histidine decarboxylase
activity is increased by this treatment (Schayer, Rothschild & Bizony, 1959).
Administration of histamine also prevented worm expulsion, and conversely
treatment with the histidine decarboxylase inhibitor, ^-toluene sulphonyl-
hydrazine, accelerated worm expulsion. The most logical interpretation of these
results is that a high level of gut histamine enables worms to resist the action of
immunity and conversely, that severe reduction of histidine decarboxylase re-
duces histamine levels and makes the worms more susceptible to expulsion.
Although these results are open to the same criticisms which are discussed later,
they nevertheless, make it most unlikely that release of histamine from mast cells
is responsible for worm expulsion.

Murray, Miller, Sanford & Jarrett (1971) have demonstrated a correlation be-
tween 5-hydroxytryptamine levels and worm expulsion in this infection. In our
hands, administration of drugs whose major action is on this compound, had no
effect on worm expulsion. These results may be attributable to technical factors
such as route and/or frequency of administration, but it is nontheless surprising
that a drug such as cyproheptadine which has potent antihistamine and antisero-
tonin properties (Stone, Wenger, Ludden, Stavorski & Ross 1961), did not affect
worm expulsion or egg production. Prednisolone prevented worm expulsion which
was to be expected as it has already been shown that prednisolone has a profound
inhibitory effect on immunity to this parasite (Ogilvie, 19656).

15-2
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Worm expulsion was also slowed by drugs which increase the cellular level of
cyclic 3',5'-adenosine monophosphate such as isoprenaline (Murad, Chi, Rail &
Sutherland, 1962) or theophyUine (Butcher & Sutherland, 1962). Catecholamines
and methylxanthines have been shown to prevent antigen-induced release of
histamine from human lung (Assem & Schild, 1969), from leukocytes (Lichten-
stein & Margolis, 1968), basophils (Ishizaka, Ishizaka & Lichtenstein, 1971) and
rat mast cells (Keller, 1970 c). Therefore, although the present results suggest
that cyclic 3',5'-AMP is in some way involved in worm expulsion, its role is prob-
ably not simply in amine release. No effects on worm expulsion were detected after
the administration of drugs which decrease the motility of the gut (oxyphenonium
bromate) or suppress various signs and symptoms of inflammation, such as sali-
cylate.

It has been demonstrated that sensitized lymphocytes are necessary for worm ex-
pulsion from rats (Dineen & Kelly, 1971), but it seems unnecessary to postulate that
the lymphocytes act by releasing amines. There is already evidence that lymphocyte
function is affected by drugs. The work of Dineen & Kelly (1971) has shown that
in lactating animals lymphocytes cannot function in worm rejection presumably
because of hormonal effects on the lymphocytes. The same authors have shown
that promethazine treatment inhibits lymphocyte action as well as worm rejection
(Kelly & Dineen, 1971). No other work has been done to investigate the action of
amine inhibiting drugs on lymphocyte function, but the available evidence warns
that drugs may well affect release mechanisms of lymphocytes as well as amine-
releasing cells. Again, in the present report it has been shown that compound
48/80 treatment reduces circulating reagin titres. These and other results (Falke
& Netter, 1969) suggest that side effects of drugs may well be more relevant than
their main action in the interpretation of these experiments.

The invasion of the lamina propria by mast cells in parasitized tissues is one of
the main reasons for suggesting that amine release is involved in worm expulsion
(Murray, Miller & Jarrett, 1968; Keller, 1971). It is well known that when mast
cells are degranulated by substances like compound 48/80, there is an enormous
proliferation of mast cell precursors (Riley & West, 1955; Roth, Noltenius &
Oehlert, 1963). Mast cell infiltration of parasitized sites may be completely un-
related to the immunological response of the host and could equally well be
explained as the inevitable consequence of a local release of the mast cell degranu-
lating substances known to be produced by nematodes (Uvnas & Wold, 1967;
Keller, 1970 c).

There are several reasons why the experimental approach used both in the
present paper and by others investigating amine function in worm expulsion is not
in itself sufficient to conclude that amines are involved in worm expulsion. First,
drugs may have their action by interfering with mechanisms other than those being
investigated. Examples of this are given above. Secondly, drugs which inhibit
amines do not consistently affect worm expulsion. This inconsistency might be ex-
plained by faults in administration of drugs resulting in failure of drug action at
the parasitized site, but equally likely is the suggestion that inhibitory drugs affect
mechanisms not involving amines. Thirdly, effective drugs are all given over a
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prolonged period of time and at high dose levels. Fourthly, with the exception of
the present report, drugs known to affect release mechanisms in general (Stormor-
ken, 1969) have not been investigated, i.e. experiments have been biased towards
obtaining an effect on amines, and effects on the release of other pharmacologically
active substances have not been considered. Finally, it is by no means unlikely
that the release mechanisms being affected are those of the parasite as well as of
the host. For all these reasons, we feel that continuous high level drug treatment
is an intrinsically unsatisfactory approach to the study of the nature of the ex-
pulsion mechanism. The exact nature of the expulsion mechanism will only be
demonstrated finally when the lesion induced in the worm to make it leave the gut
is demonstrated by studying the worms themselves.

In conclusion, it is suggested that drugs which are thought to prevent worm
expulsion by acting on amines probably have their effect by acting on cellular
release mechanisms generally. It is possible that inhibition of the release of effector
substances from lymphocytes is the major effect of drugs and that worm expulsion
involves only two steps: (antibody action followed by lymphocyte action) and
that amine release has no role in worm expulsion.

SUMMARY

In rats treated with compound 48/80 or histamine, worm expulsion was in-
hibited. Treatment with a histidine decarboxylase inhibitor accelerated worm
expulsion. Treatment with compound 48/80 elevates histamine and histidine
decarboxylase levels and reduces circulating reagin titres. These results show that
histamine is not responsible for worm expulsion.

Compounds such as isoprenaline and theophylline which increase cellular levels
of cyclic 3',5-AMP, prevented worm expulsion.

It is concluded that the evidence that amines are involved in worm expulsion
needs reassessing and that cellular release mechanisms in general may be affected
by drugs thought to act solely on amine release. In particular, the release of effector
substances from sensitized lymphocytes on contact with antigen may be affected
by these treatments.
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