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Abstract-FaBon P. G., Warren J. & Bebnke J. M. l996, Evaluation of immune dependence of anthehnintic 
treatment of Hefigmosomoi&s polygyrus in CBAKa mice. International Journal for Parasirology 26: 
557-560. The efficacy of anthelmintic treatment of adult Hetigmosomoides poIygyrus was evaluated in 
immunologically intact and immune-incompetent (T-ceildeprived) CBA/Ca mice. There was no statistically 
significant difference in the cure rate, in terms of percentage reduction in worm burden, following treatment 
with pyrantel pamoate and levamisole between normal (57-71% reduction) and immune-incompetent mice 
@S-78% reduction). The rate of expulsion, and the total number, of worms expelled from infected mice 
following drug treatment were comparable in normal and deprived mice. The activity of 2 drugs against adult 
H. pofygyrus has been shown to be independent of the immune status of the host. The significance of the mode 
of actions of drugs and the site of residence of a parasite within the host are discussed. 
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Experimental studies have shown that the efficacy of 
chemotherapy of a variety of protozoan and 
helminth parasitic infections is reduced in immune- 
incompetent animals. Partial dependence of drug 
efficacy on the active involvement of the immune 
system of the parasitized host has been described for 
Onchocerca vo~vulus (Bianco et al., 1986) Schisto- 

soma mansoni (Fallon et al., 1992), Trypanosoma 

brucei rhodesiense (Frommel, 1988), Plasmodium 
chabuudi (Lwin, Targett & Doenhoff, 1987), and 
Leishmania donovuni (Iwobi, Doenhoff & Neal, 
1991). The efficacy of drug treatment of a parasitic 
gastrointestinal nematode in immune-incompetent 
mice has not, to our knowledge, been evaluated. In 
this study, the immune dependence of anthelmintic 
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treatment of a gastrointestinal nematode was tested. 
Heiigmosomoides polygyrus was used as a model 
murine gastrointestinal nematode (Monroy & 
Enriquez, 1992). H. pofygyrus-infected normal 
(immunologically intact) and immune-incompetent 
(T-cell-deprived) mice were treated with pyrantel 
pamoate and levamisole. Subcurative doses of drug 
were used; as in previous studies curative doses of 
drugs killed all parasites irrespective of the immune 
status of the host. The efficacy of anthelmintic treat- 
ment was evaluated by examining the time course of 
worm expulsion following treatment, and counting 
the worm recovery at post mortem. 

CBA/Ca strain mice, originally obtained from 
Harlan Olac Ltd, Bicester, Oxon, U.K. were bred on 
site and housed under standard conditions. Age- 
matched male mice were used for all experiments. 
H. polygyrus was maintained in laboratory passage as 
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Table l-Recovery of Heligmosomoides polygyrus from the faeces and intestines of groups of 10 normal and 
T-cell-deprived mice treated with pyrantel pamoate and levamisole 

Experimental 
Group’ Drugb 

Mean Worm 
Recovery + SD.= % Reductiond 

Total Faecal 
Worms/Mouse & S.D.e 

Normal 124.8 LIZ 32.9 
Normal PYR 36.4& 17.5 71 96.3dc21.7 
Normal LEV 53.7zk 15.6 57 72.6 + 10.4 
Deprived 
Deprived 
Deprived 

PYR 
138.2+27.3 

42.6zt 16.8 69 83.8 zt 24.1 
LEV 31.0+ 19.7 78 92.3 zt 13.2 

‘Normal = immunoIogically intact mice; deprived = T-cell-deprived mice. 
‘PYR = Pyrantel pamoate (5 mg/kg); LEV = levamisole (10 mg/kg). 
‘Group mean number of worms recovered from intestine at post morrem. 
’ % reduction=mean drug-treated group - mean untreated groupsmean untreated group x 100, 
Total number of worms recovered in faeces from each mouse during 24 h after anthelmintic treatment. 

described by Jenkins & Behnke (1977). Mice were 
deprived of T-cells by the method of Doenhoff et aZ. 

(1981). Briefly, adult male CBA/Ca (4-6 weeks old) 
were thymectomized and 4 subcutaneous injections 

of 0.25 mL rabbit anti-mouse thymocyte serum were 
given on alternate days. Four weeks were allowed 
between the last serum injection and the start of 

experiments. Age-matched normal and T-cell- 
deprived mice were infected orally with 150 H peZy- 

gyros LX. Pyrantel pamoate and levamisole were 
obtained from Sigma (Poole, Dorset, U.K.). Both 

drugs were administered orally. An aclueous suspen- 
sion of drug was used, with 0.1 mL of drug suspen- 

sion administered per 10 mg body weight. 
Preliminary experiments involved treatment of in- 

fected mice with dilferent doses of drug to establish a 
subcurative dose of drug, to reduce the worm burden 

by approximately 80% or less. Pyrantel(5 mg/kg) and 
levamisole (10 mg/kg) were administered as a single 

dose 3 weeks after H. polygyrus infection. 
The expulsion of worms in the faeces after an- 

thehnintic treatment was measured as described by 

Tanguay & Scott (1987). The drug-treated and un- 

treated mice were placed in metabolic cages immedi- 
ately after the drug was administered. Three or four 

mice were placed in each cage. Moist filter paper was 
placed on the faecal recovery trap in the metabolic 
cage. Mice were provided with food and water ad 
libitum, and were kept in the cages for 24 h after 

treatment. The faeces were collected prior to drug 
treatment and 2, 4, 8 and 24 h after treatment. The 
faecal pellets were placed in saline and teased apart, 

and the number of worms present was counted. The 
total numbers of worms recovered in the faeces 

obtained at each time were counted, and expressed as 
the mean & SD. worms expelled per group. There 

was a rapid expulsion of worms in the faeces follow- 

ing drug treatment, with over 70% of all worms 
expelled within 4 h (Fig. 1). There was no difference 
in the total number of worms expelled for either drug 

or in the expulsion rate between normal and T-cell- 
deprived mice (Fig. 1, Table 1). 

Two weeks after drug treatment the mice were 
killed under COZ. The gut was removed and placed in 
saline on a glass Petri dish. The gut was cut longitu- 

dinally, and all worms present were removed and 

counted under a binocular dissecting microscope. 
The group mean worm recovery & 1 SD. was 
determined. The Kruskal-Wallis (I -way analysis of 

variance by ranks) test was used to test for significant 
differences between groups. There was no significant 

difference between the recovery of H. polygyrus 
worms in the intestines of untreated normal and 

deprived mice (Table 1). Drug treatment of normal 
mice caused a significant (&O.OOl) reduction in 
worm recovery, with a 71% and 57% reduction in 

worms in pyrantel- and levamisole-treated groups, 

respectively; both drugs effected a comparable 69- 
78% reduction in worm burden in the deprived mice. 
At the time ofpost mortem, faecal samples were taken 

for faecal egg counts. There was no signiticant differ- 
ence in the egg production per female between the 

untreated and drug-treated normal or deprived 
animals (not shown). 

The results indicate that the efficacy of an- 

thehnintics against a model gastrointestinal nema- 
tode is independent of the immune status of the 

parasitized host. If the immune system were to have 
synergistic activity with the chemotherapy of H. 
poZygyru.s, it may be expected that the immune effec- 

tors that mediate the elimination of H. p0Zygyru.s 
would be involved. Thus IgGl and Th2 cytokine- 

related responses (Wahid & Behnke, 1993; Wahid 
ef al., 1994) would mediate the immune elimination 
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Fig. 1. Cumulative percentage of worms recovered in 
faeces of Heligmosomoides polygyrus-infected normal and 
T-cell-deprived mice following treatment with (a) pyrantel 
pamoate or (b) Ievamisole. Faecal samples were collected 
prior to treatment (0) and 2, 4, 8 and 24 h after admin- 

istration of the drug. 

of worms that were treated with drug. We have not 
examined the effect of T-cell depletion, as performed 

here by adult thymectomy and adminstration of 

anti-thymocyte serum, on anti-parasite immunity in 
H. @ygyrn.r-infected mice. However, in T-cell- 

depleted mice infected with S. mansoni, non-specific 
and parasite specific antibody responses, including 
IgGl, are reduced (Fallon, unpublished results). 

The anthehnintics used have different modes of 
action, but both drugs paralyse nematodes. A conse- 
quence of this paralysis is that the parasite is rapidly 

expelled during the normal peristaltic movement of 
the gut. Those parasites where the immunity of the 

host is required for optimum eEicacy of chemo- 
therapy are parenteral parasites, either in the circula- 
tion (P. chabaudi, S mansoni, T. b. rhodesiense) or in 

tissues (L. donovani, 0. vo&~lus). For example, drug 

treatment of the vascular trematode S. mansoni with 
praziquantel also causes immediate paralysis of the 

worm and a shift of the worm from the mesenteries to 
the liver. The efficacy of this drug against schisto- 

somes is, however, immune dependent. Following 

drug-induced hepatic shift the schistosome worm 
remains accessible, in the hepatic circulation, to 

immune effector mechanisms including granulocytes 
and antibodies. Hence, for parenteral parasites there 
is an opportunity for the host’s immunity to interact 

with the parasites that are damaged by drugs after 

chemotherapy. In contrast, drug-induced paralysis of 
parasites that reside in the lumen of the gut causes 
rapid expulsion of the parasite, as shown here, and 

the drug-treated parasites are not exposed to the 

influences of immune effector mechanisms. Studies 
involving anthelmintic treatment of H. poZygyrus 
when the larvae are in the tissue, with a larvicidal 

drug (ivermectin), may be more appropriate for 
evaluating the immune dependence of anthehuintic 

treatment of this parasite. The administration of 
ivermectins when the parasite is within the intestinal 

mucosa would permit the direct interaction of 
mucosal immune responses with the drug-treated 

larvae. 
To conclude, the activity of 2 drugs against aduh 

H. pojygyrus as a model gastrointestinal nematode 
was shown to be independent of the immune status of 

the host. The site of residence of a parasite within the 
host and the mode of actions of a drug are important 
considerations when examining the interplay of drugs 

and host immunity. 
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