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THE RESPONSE OF CAPTIVE RODENTS TO THE
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B. 0. FAGREMI, 0. FAGBEMI®* and O, 0. DIFPEOLT

Departmont of Yeterinary Mierobiology and Parasitology, Univeraity of Thadoan,
and® Idpartment of Peycholegy, Univeraity of Lagos

Abstract. The distribation of the larvae of Aneylostoma caninum In tissues of captive wild rodents
(Reattus rodius) and the leucoeytie and behavioural responses of these rodents were studiod after
experimental oral infection, Thore was o wide distribution of larvae in tissues with o propondoranes
of tho larvae in the skeletal museles of the anterior part of the body in older infection. The rata
reaponided by an elovation of total lewsoeytes and eosinophils in blood, alternation of locomotory
netivity and behavioural dominanes that may have a eorrelation with predation and epidemiology
of A. caninum in o sylvatie sotting.

The migration, distribution and persistence of A. caninum larvae in tissues of rodent
paratenic hosts were studied under various experimental situations (Matsusaki
1951, Nichols 1956, Soh 1958, Kono and Sawada 1961, Bhopale and Johri 1975,
1978), but the responses of the rodents to the migrating parasites have not been the
object of many studies. Furthermore, most of these studies were done on mice and tame
laboratory animals and need to be supplemented by work on other rodents and, from
the viewpoint of paratenesia, wild rodents which are more relevant in predator-prey
relationships. One of such rodents is the black rat (Ratfus raftus) which was shown to
be infected with parasites of veterinary and medical importance in Nigeria (Akinboade
et al. 1981). Following our observation [unpublished) that this rodent may allow
the migration of 4. ceninwm, it is necessary to study the migration and distribution
of the larvae of the parasite in the tissues of the black rat and the responses of the rodent
to the parasite.

MATERIALS AND METHODS

A, eaninum eggs wore obtained from the fasces of six puppies of n erossbred biteh facenl samples
eontained up to 19 000 eges per gram of facees. Lorval eulture and recovory was done by the mothod
of Bollers ad Dipeolu (1975).

The rata usod were trapped in differont arcas of Ibadan, Nigeria, and they were selected so
that weight differonee between chosen individuals was no more than 5 grams, They were kopt in
eages for at loast 6 weeks before the commencement of experiments and the males wera kept
individually. Comnmereial rat feed and were provided ad libitum.

Ench rat was infoeted with 1000 A. caninum larvae by means of a stomach tubo after ather
anaesthesin,

In group Ia experiments, the migration, distribution and persistencs of larvao in rodent tissues
was studied, Six rata wore killed with ether 1, 4, 8, 14, 21 and 35 days after infection and the reco-
vory of larvae from rodent tisaues was done by the mothod of Norris (1871), In group 1b oxperi-
ments, total leneooyte and ecsinophil estimations wers done by routine methods (Dacie nnd
Lewis 108%) on blood samplea obtained from the cut tail-tip of 10 infected and 8 controlled
rats overy 4 days for 32 days.

In group 2a experiments, the locomotory and exploratory activities of infected rats and their
eontrols were tested in an “open field” which consisted of a perspex box 50 x 50 x 40 em with
a grid of 25 squares 10 % 10 om. The number of squares crossed, the number of times thoy stood
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up and the length of time spent grooming were recorded. In group 2b experiments, behavioural
dominance was studied between infected and non-infected male rats in neutral cages for a maximum
of 20 minutes. The number of attacks and submissions by members of either group were recorded.
An attack was defined as an attempt by one male to bite another and submission was indicated
by (1) attempted escape (2) unresponsiveness to attack. The ability of rats to maintain behavioural
dominance when challenged by intruders was assessed by introducing non-infected male rats
into the cages of infected rats and dominance was assessed as described previously. All the infected
rats used in behavioural studies were killed at the end of the experiments and tested for the pre-
sence of larvae in tissues.

RESULTS

The distribution of 4. caninum larvae in tissues of R. rattus in relation to time after
infection is shown in Table 1. There was a shift from a preponderance of larvae in the
tissues of the thoracic and abdominal viscera in early infection to the skeletal muscles,
especially those of the anterior part of the body in later infection. This shift was most
pronounced between the 8th and 14th days of infection, a period which also coincided
with that of maximum larvae in tissues. There was a persistently low level of larvae
in the brain of the rodents from day 8 onwards. A gradual larval attrition occurred from
day 8 such that the number of larvae in tissues on day 35 was 67 %, less than on day 1.

Table 1. The distribution of A. caninum larvae in Rattus rattus tissues

Infection period (days)
Tissue

1 4 8 14 21 35
Stomach 212 4-4.9 344+ 3.7 6+ 3.3 — — —
Tleum 263 +16.5 28 +4.1 — — —_ —_
Colon 3044.5 124-2.6 — — — —_—
Caecum 10+ 2.9 6-+1.7 — — — —
Liver 134 + 5.1 224 3.7 — — —_ _
Spleen — 4429 — — — —
Kidney — — — — — —
Heart — —— — — — —
Lungs 724+ 4.4 128 +4.8 10 4 3.26 41-1.2 241.1 —
Brain — — 6-40.8 8-+1.6 6+1.8 6+ 2.5
Skeletal muscles
Head + neck 841.8 300+ 9.1 332144 238 45.9|1884-4.4 92 4 6.5
Thorax —— 122 +3.4 148 + 5.5 184 +3.4|162 +4.9 104+ 6.9
Abdominal — — 411.6 22455 16-+-4.2 6+3.7
Fore-limb — 20+ 4.1 42 4+ 4.1 6045.2| 46-+2.4 24 +2.9
Hind-limb — — 241.6 20+4.9| 14449 4429
Total 729 +15.5 676 1 12.2 550 + 8.2 536 4-8.2|4344+3.7| 236-4+9.8

Figs. 1 and 2 represent the total leucocytic and eosinophilic response of the black
rat to the migrating larvae respectively. There was an elevation of total leucocyte count
which was maximal (42 9,) on day 20 and a persistent eosinophilia which reached a peak
in 16 days.

There was a significant difference (P < 0.005) in the locomotory and exploratory
activity of infected and uninfected rats in the “open field test”” on days 14 and 35 as
expressed by the number of squares crossed, the number of ‘‘stand-ups” and the groom-
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Fig. 1. Total leucocyte counts in captive rats during the migration of Ancylostoma caninum

larvae.
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Fig. 2. Eosinophil counts in captive rats during the migration of Ancylostoma caninum larvae.
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ing time (P < 0.005) (Table 2). There were no significant differences on day 4. Table 3
indicates that the presence of A. caninum larvae in the tissues of the rodents inter-
fered with the establishment of behavioural dominance in males as judged by the
ability of the rats to assert themselves in neutral territory (NT) and to defend a familiar
territory (FT) respectively; y2 NT = 8.06, DF 1 P < 0.005; y2 FT =6.73, DF1 P <
< 0.005.

Table 2. Effect of A. caninum larvae on locomotory and exploratory activities of male Rattus rattus
in the “Open Field Test”

Result
Day-Post

infeotion Number of Grooming Number of
squares crossed time (sec) “stand ups”

4 Infected rat 169 + 10.0 86 4 2.5 17 + 2.2

Control 172 + 7.4 90 + 3.3 21 4 3.0

14 Infected rat 225 + 5.3 59 4 3.5 8 + 2.1

Control 176 + 6.4 89 4 3.2 19 + 18

35 Infected rat 219 4 3.1 65 + 2.4 10 4+ 1.6

Control 169 + 4.2 89 + 2.9 23 + 2.3

Table 3. Effect of 4. caninum larvae on the establishment and maintenance of behavioural dominance
in male Rattus rattus.

Day post . Number Number Submission | Submission
Hfection Test, of of by by
pairs fights control rat | infected rat
16 Behavioural dominance
in mutually unfamiliar
territory 15 6 2 13*
21 Behavioural dominance
in home cages of infected
rats 15 9 3 12%*
28 Behavioural dominance
in home cages of infected
rats 15 7 3 12%*
35 Behavioural dominance
in mutually unfamiliar
territory 15 5 3 12%*

* x> =8.06 DF 1 P < 0.005, ** 42 = 6.73 DF 1 P < 0.005

DISCUSSION

The results obtained in this study suggest that wild rodents may be suitable paratenic
hosts for A. caninum because a definitive host that fed on such rodent tissues could
become infected (Scott 1928). This may be important in the transmission of the nema-
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tode among wild carnivores, some of which are suitable definitive hosts for A. caninum
(Soulsby 1968). The migration and distribution of the larvae in the tissues of R. rattus
is similar to that in laboratory mice (Soh 1958, Bhopale and Johri 1975) and of
A. braziliense and A. tubaeforme in mice and rats as regards the preferential distribution
in the skeletal muscles of the anterior body after an initial preponderance of larvae in
the tissue of the gastrointestinal tract, liver and lungs following an oral infection and
this may correspond to the direction of migration. The gradual larval attrition observed
may be due to the trapping and killing of some larvae in tisseus since such a reaction is
normal in an immunocompetent host and the ability of the rodents to respond by
eosinophilia and elevation of total leucocyte count implies a manifestation of their
ability to mobilise some immune’ mechanism. Eosinophilia can be related to helminth
infections in those nematodes such as Ascaris sp., Strongyloides stercoralis, Trichinella
sp. and Toxocara canis in which there are tissue-stage larvae (Jaggi and Wishwanat-
han 1976). The eosinophils are able to migrate into tisseus and destroy helminth stages
that are migrating through the tissues (Butterworth 1977). However, despite their
attrition, a high number of larvae persisted in the tissues of the rats.

The presence of living larvae in the tissues of the rodents had significant influence
on their locomotory activities and behabioural pattern although the mechanisms of
this interference are not known. However, the local reactions that they would excite
in vital tissues such as the central nervous system and skeletal muscles may cause
a physical impairment of function and ill health which may compromise overall activity.
The defeat of infected rats by their non-infected counterparts has deep implications.
In small mammal communities in which social organization is maintained in part by
frequent tests of dominance, the consequences of defeat may include a forced emigra-
tion of a subordinate. Such a migrating subordinate may be more exposed to predation
(Lidicker 1975). Rau (1983b) observed similar behavioural changes in mice infected
with T'richinella spiralis and related this finding to the possibility of increased predation
of subordinates.

The apparent increase in wandering by infected rats is related to the observation
that they spend a shorter time in grooming and standing up. These two latter parameters
are indices of familiarisation in new territory. Again the changes of a wandering rat
being caught by a predator is higher. For instance, in mice, Metzgar (1967) found that
exploring rodents are more exposed to predation in an unfamiliar environment.

Although many workers have reported alterations in activities of parasitized labor-
atory rodents, T'richinella spiralis in rats (Von Brand et al. 1954), Toxoplasma gondiz
in mice (Hutchinson et al. 1980), Tozocara canis in mice (Dolinsky et al. 1981) and
T. spiralis in mice (Rau 1983a, b), the present study adds another model to the group
of such relationships.

OTBET OTJIOBJEHHBIX 'PBI3VHOB HA MUTPAIUIO JUYUHOR
ANCYLOSTOMA CANINUM

B. 0. ®arGemu, O. ®arGemu u O. O. Jumeoxy

Pesiome. Usyuamm pacmpegesenue JdnanHOK Ancylostoma caninum B TKAHAX AUKAX TPH3YHOB
(Rattus rattus), moBefieRHe STHX I'PHIBYHOB I KOJIMYECTBO JIEHKOMUTOB IIOCJE DKCICPUMEHTAIIh-
HOTO 3aPaKeHHsI Yepes POT. JIMIMHKY NIMPOKO PAcIPOCTPAHAINACH B TKAHAX X03sMHA, OOJIBITeH
YacThIO B CKEJIETHHIX MBIOINAX B IIEPeIHEN JacTH TeJIa B cJIy4ae HPOJO/LKUTeTHHOIO 3a PAsKeBHA.
VY BapamKeHHBIX KpHIC HAOTIONAIOCH IIOBBIINEHHOE KOJIMYECTBO JCHKOIUTOB M 303HHOPHIIOB
B KPOBH ¥ M3MeHEHHE [BIKEHNUS I II0BelleHusd, 9T0, BePOATHO, CBSI3AHO ¢ XUIHAYECTBOM M DIH-
Aemumosiorueir A. caninum B JIECHOM IIOCEJIEHMM. :
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