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Abstract

Efficacy of albendazole against early and late stage of Trichinella spiralis infection in mice
was determined. To determine the efficacy of albendazole against the early stage (enteral phase) of
trichinosis, mice experimentally infected with T. spiralis were treated with albendazole 20 mglkg at
7 days post infection for 15 days. Larvae were recovered from the infected mice 7 days after the treat-
ment. The reduction rate of the larvae was 100 per cent. Efficacy of albendazole against the late stage
(parenteral phase) of infection was dete!1Tlinedat 30 days post infection. Mice were treated with
albendazole at 20 mglkg for 30 days. Larvae were recovered from the infected mice 7 days after the
treatment. The reduction rate of the larvae was 71 per cent compared to the control group. In con-
clusion, albendazole was more effective in the early stage of infection than the late stage, the reduction
was 100 per cent and 71 per cent with respect to the control group respectively.
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Trichinosis is a parasitic zoonosis caused
by Trichinella species that presents throughout the
~orld. Transmission to humans occurs through the
Ingestionof raw meat containing infective larvae. The

larvae develop into adults in the gut of the host 10-28
hours after being ingested( 1). Mating occurs by the
second day of infection and females begin to deposit
motile larvae 5 days later. Larvae are shed for approxi-
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mately 4 to 16 weeks, the number of newborn larvae
produced depends on the immune status of the host
(2,3). Each female produces approximately 1,500
larvae in the non immune host. The newborn larvae

travel through the bloodstream and reach striated
muscle cells. Invasion of the striated muscle cells

stimulates the development of the nurse cells and the
larvae become infective. In the nurse cells, the larvae

begin to coil and the nurse cells complete the forma-
tion of the cysts within 2 to 3 weeks. Larvae can
invade almost any tissue but can develop to the infec-
tive stage only in striated muscle cells. Symptoms of
trichinosis are divided into 3 clinical phases corres-

ponding to the periods, intestinal invasion by adult
worms in the enteral phase, migration of the newborn
larvae in the migratory phase and encystment of larvae
in the parenteral phaseO,4).

Specific treatment of trichinosis has not yet
been standardized. Benzimidazole derivatives such as

mebendazole and albendazole are used for treating
human trichinosis(5). However, studies using these
drugsin miceinfectedwithTrichinella spiralis demon-
strated that they are unable to kill the encysted larvae
(5-8). Treatment of human trichinosis caused by

Trichinella spiralis in the stage of encapsulatingwith
mebendazole is also ineffectivd5). There are limited

dataconcerningthe effect of albendazoleon T. spira-
lis.

The objective of this study was to evaluate
the efficacy of albendazole among mice infected with
Trichinella spiralis in the enteral (early) phase and
parenteral (late) phase.

MATERIAL AND METHOD

The authorsused 6 weekold micepurchased
from the National Laboratory Animal Centre, Mahidol
University, Bangkok, Thailand. T. spiralis larvae were
obtained from an infected rat at the Department of
Parasitology, Faculty of Medicine, Chulalongkorn Uni-
versity.

Isolation of T. spiralis larvae from the infected rat
for infection

T. spiralis larvae were isolated from an
infected rat by digestion and isolation with modified
Baermann's technique(9). Briefly, an infected rat was
killed and the encysted larvae were detected from the
rat's diaphragm using the press preparation technique.
To isolate the encysted larvae from the infected rat,
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skin and internal organs (except the heart) of the
infected rat were removed. Each organ was digested
with artificial digestive fluid (Pepsin 3 g, HCl 7 011
and ddH20 to 1,000 ml) at 1: 10 (WN) at 37°Cfor
2.5 hours. T. spiralis larvae were then isolated from
the mixture by modified Baermann' s technique, the
mixture was filtered through 6-layer gauze and the
T. spiralis larvae were activated to move by pouring
100 ml warm water (37°C) to the mixture. The larvae
density was determined by dilution count technique.

Infection of mice with T. spiralis larvae
Fifty-four mice were infected with T.spiralis

larvae (isolated from the infected rat) at 10 larvae/gof
mouseby force feeding (approximately 300 larvae!
mouse). Mice anesthetized with diethyl ether were

fed by using polyethylene tube connected to a syringe
containing T. spiralis larvae. After being infected,
mice were then reared with mouse food until used.

Detection of T. spiralis larvae and adults from the
infected mice

To determinethe successof Infection, adults

of T. spiralis were detected from the intestine of the
infected mice by digestion method and modified

Baermann's technique. T. spiralis larvae were also
detected from the infected mice by the press prepara-

tion technique and isolated by the digestion method
and modified Baermann's technique as described pre-
viously.

Treatment of infected mice with albendazole sus.

pension
Albendazolewas mixedwith sterilewaterto

the concentration of 1 mg/ml. Mice were treated with
albendazole 10 mg/kg twice a day. The infected mice
were dividedinto 2 groups; group A, AI: ten infected
mice without treatment and A2 fifteen infected mice

treated with albendazole 7 days after infection for 15
days. In group B, B 1: ten mice without treatment and
B2: fifteen mice treated with albendazole at 30 days

after infection for 30 days (Fig. 1).

Data analysis
The data were recorded and analyzed by

using the Excel 6 software program. Differences be-
tween the control group and treatment group were
compared by the I-test. Statistical analysis was per-
formed with the level of significance at p-values<
0.00 1.
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Fig. 1. Illustrates the experimental design of the efficacy of albendazole from early to late stage of trichinosis,
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54 mice infected with T. spiralis larva

300 larvae/mouse

I
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7 days post infection 30 days post infection

27 '",ere selected, 2 were necropsied to 27 were selected 2 were necropsied

determine the success of infection to determine the success of infection

25 were divided into 2 groups 25 were divided in to 2 groups

I I

.. .. .- ..

l (10 mice) Group A2 (15 mice) Group B 1 (10 mice) Group 82 (15 mice)

:1ent Treated with albendazole No treatment Trated with albendazole

20 mg/kg for 15 days 20 mg/kg for 30 days

I I I I

. ..

All mice were necropsied to detect the larvae All mice were necropsied to detect the larvae

(7 days after the treatment) (7 days after the treatment)
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RESULTS

To determine the ::,ucce"""vf T. spirulis infec-
tion, 2 infected mice were killed on day 7 after infec-
tion. T. spiralis adults were identified in the mice (43
and 47 adult wonns were found) but the larvae were

not detected. Albendazole suspension was given to
the infected mice (A2) 10 mglkg twice a day for 15
days. 7 days after the treatment, mice were killed,
and T. spiralis larvae and adults were detected by the
press preparation and digestion method. The authors
did not find T. spiralis adults in the control group, but
the larvae were detected from the control group with
the total larvae being 207,977. In the treatment group,
both T. spiralis adults and larvae were not detected.
The results are shown in Table 1.

At 30 days after infection, two mice were
necropsied and the larvae were identified from
necropsied mice (21,378 and 20,308) all larvae were
encysted. In group 82, mice infected with T. spiralis
were treated with albendazole 10 mg/kg twice a day
for 30 days. At 7 days after treatment, mice were
necropsied and T. spiralis larvae were recovered by
the press preparation and digestion method. In the
control group 8 I, the total number of T. spiralis larvae
was 219,378 (an average of2I,937.8:t 2,224.47 larvae/
mouse) while in the treatment, group a total number of
96,272 larvae were found (an average of 6,418.13:t
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1,183.81 larvae/mouse). No adult was identified. The
t t;::,uil::, dft; ::,huw 11 in T db it; 2.

During the experiment, no side effects of
albendazole such as vomiting were observed.

DISCUSSION

Albendazole is a benzimidazoles derivative.
The primary action of drugs in the benzimidazoles

group is to inhibit microtubule polymerization by
binding to B-tubulin(lO). Although albendazole pro-
vides a safe and highly effective therapy against intes-
tinal nematodes(ll), it has been shown to be effec-
tive against human trichinosis caused by T. pseudo-
spiralis(l2) but data of albendazole against human T.
spiralis is limited. In the present study the authors

determined the efficacy of albendazole in the early
and late stages of mice infected with T. spiralis. To

determine the efficacy of albendazole againstearly
stage of infection, 10 mg/kg of albendazole was given
to infected mice (A2) 7 days after infection twicea
day for 15 days. Seven days after treatment, the mice
were killed and T. spiralis adults and larvae were
detected. In this study, the authors were not able to
determine the efficacy of albendazole to adults T.
spiralis because adult T. spiralis were not detected in
the control group. This is because the life span of an
adult T. spiralis is approximately 1-2 months.How-

Table 1. Number of T. spiralis larvae recovered from Table 2. Number of T. spiralis larvae recovered from

the 7 days infected mice, 7 days after treat- 30 days infected mice, 7 days after treatment

ment with albendazole 20 mglkg for 15 days. with albendazole 20 mglkg for 30 days.

Mice Number Control (AI) Treatment (A2) Mice Number Control (AI) Treatment (A2)

I 18,566 0 I 18,636 4.244
2 18.876 0 2 19,238 4.988
3 18,986 0 3 19.868 5.120
4 20,101 0 4 20,890 5,441
5 20.446 0 5 22,128 5.667
6 21,170 0 6 22.680 5.976
7 21.434 0 7 23,146 6.233
8 22,096 0 8 23,441 6.298
9 22.780 0 9 23,763 6.882

10 23.522 0 10 25,588 6.894
11 0 II 7.228
12 0 12 7.312
13 0 13 7.882
14 0 14 7,980
15 0 15 8,127 -

Total 207.977 0 Total 219.378 96.272
Meani SO 20.797.70.i 1.704.41 0 Mean :t SO 21.937.80:t 2.224.47 6,418.13 i 1.183.81-
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theauthors demonstrated that albendazole treat-ever.
fT

.
I . . l" .

mentattheearlystage0 . splra IS InlectlOn gave a
100per cent cure rate com~ared to. the contro.! group.
Albendazoie6.25 mg/kg gIven to mfected mIce at 2,
8 16.24, 30, 36 and 48 hours after infection demon-
s~atedthat adult worms declined from 95 per cent,

91 per cent, 79 per cent, 66 per cent, 27 per cent, 0

percentand 0 per cent respectively(8) and the same
reportalsodemonstrated that albendazole at a dosage
of 50 mglkg/day for 5 consecutive days given to
infectedmice on day 7 after infection demonstrated

67per cent reduction of larvae compared to the con-
lrol(8).Chung et al demonstrated the efficacy of
albendazoleagainst adult T !>piralis(infected mice
treatedwith albendazole 20 mg/kg for 5 days at 2 to

6 daysafter infection) was 46 per cent compared to
thecontrol group. They also demonstrated that the
efficacy of albendazole against the migratory larvae

r spiralis(infected mice treated with albendazole 20
mg/kg for 5 consecutive days at 11 to 15 days after
infection) with reduction rate of 80.8 per cent com-
paredto the control(7). A study in Swiss CD-l mice
infectedwith T spiralis showed that the efficacy of
albendazoleat 10 mglkg against pre-adult stage (day
I after infection) was 96.5 per cent(6). The efficacy

of albendazole at 100 mg/kg against migrating larvae
(day 13, 14 and 15 post infection) was 64.0 per cent
reduction(8). Efficacy of albendazole against the

early stage of trichinosis depends on a number of

factors including the time of administration, dosage,

and duration of treatment. A single dose of 6.25 mglkg
of albendazolegiven to infected mice 36 hours after
infection had no effect on the infection, while the

present study with albendazole 20 mglkg given to
mice on day 7 after infection for 15 consecutive days
demonstrated 100 per cent efficacy. A study by
McCrackendemonstrated that albendazole was less
effectiveagainst mature worms than immature worms
in the enteral phase(8). He also demonstrated that

albendazole against adult worms in the enteral phase

and larvae in the parenteral phase by using albendazoIe

at a dosageof 50 mglkg/day for 5 consecutive days
to infected mice on day 7 after infection had 67 per
cent reductionof larvae(8). In the present study the
authors demonstrated that 20 mglkg albendazole for
15 days against the early stage of Trichinella spiralis
infection (7 days after infection) resulted in 100 per
cent efficiency.

In experiment B, mice infected with T spira-
lis were treated with 20 mglkg (divided into 2 doses)
albendazoleat 30 days after infection at for 30 days
showed that the number of larvae recovered from the

treatmentgroup was 71 per cent less thanthe control
group with statistical significance (p < 0.00 I). A study
by Chung et al demonstrated the efficacy of alben-
dazole against adult T. spiralis (infected mice treated
with albendazole 20 mglkg for 5 days at 21 to 25 days
after infection) was 45.4 per cent compared to the
control group(7). A study in Swiss CD-l mice infected
with T spiraLis showed that the efficacy of lOOmgl
kg albendazole against encysted larvae was 94.75 per
cent(6).

In conclusion, for the early stage of T. spira-
Lis infection 20 mg/kg albendazole for 15 days is
effective in the treatment of infection in mice. The
late stage of infection was seen to be tolerant to
albendazolealthough the duration of treatment \'ras
longer. The result was similar to a study by McCracken
that the Trichinella population becomes less sus-
ceptible to treatmentwhen the wormsbecomemature
(8). However, a number of factors may be respon-
sible for the efficacy of albendazole against T. spiralis
including host status, dosage, time and duration of
treatment. Data from the present study indicate that
albendazole has high efficacy in both the early and
late stage of Trichinella infection.
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