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Expt A Expto A Expt A
MOUSE no 64 MOUSE no 63 MOUSE no 52
CAGE nuot-  CABE nol 0 CAGE  mo 1
B00mpshgCeMBARTRIN - BOOMDZKGCOMBANTRIN  BOOMI/KRCOMIANTRIN

Expt A - Expt A
MOUSE ng 50 MOUSE ny 51
CASE. ‘mo 1 CABE o no 1
BO0mE/kICOMBRRTRIN  BOOMI/loCOMBRYTAN:

FIGURE 52 Livers from Mice Dosed with 500 mg/kg Pyrantel
(Combantrin ®) )
Scale bar indicates 25 mm pe———ri

BPT G BEEC . Eer 6

MOUSE nn 155  MOUSE no 155 MOUSE no 189
CABE  no-22  CABE  no 22 CABE no 22
1R8mY/kg RANIDE sabmg/kp RANDE - eymp/ky RANDE

TFIGURE 53 Livers from Mice Dosed with 125 mg/ke Rafoxanide
(Ranide ® )
Scale bar indicates 25 mm S
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4.2 Scanning FElectron Microscopy (SEM)

Examples of electron microscopic obusarvations are given

in Figures ' -~ 58, All the photographs of the worms

are shown at the same magnification (x 1 000) and,

therefore, direct comparisons may be made.

The control picture (Figure 54) shows the worm as having
an area with pores and an area without. The cuticle is
slightly  wrinkled. The control worm measures
approximately 55 pm in diameter. However, it must be
stated that the preparation of specimens for SEM is
known to cause shrinkage and that normal variation is

co yiderable.

Figure 55 is of a mebendazole (Vermox ® ) treated worm

and reveals considerable vacuolisation of the worm's

surface and collapse of the worm's body. The diameter

of this specimen isyappromimately 47‘pm. The picture of i17 {
a worm treated with albendazole (Valbazen ® ) (Figure : |
56) indicates that the drug may have caused enlargement
of the pores, but no vacuolisation or other distortion
can be observed. This ggeéimen has a diaweter of
approximately 49 um. Figure 57 of an oxfendazole
(Systamex ® ) treated worm, shows pores which are wmore
enlarged that those of the control; and additional
convolution of the tegument, which might be a drug-
induced effect. This worm measures approximately 56 um
in diameter., Figure 58 shows a febantel (Rintal ® )
treated worni. The diameter of this gpecimen 1is
approximately 464pm. There appears to have been some
lengthwise shrinkage in this specimen, the surface of
which is considerably obscured by a black deposit. The
deposit may be an artifact caused by preparation,

although all specimens were treated identically.

T




FIGURE 54

S

Secanning Electron Micrograph of a C. hepatica Worm

{rom an untreated Mouse hnst (x 1 000)

(Note Slightly wrinkled cuticle and area of small

pores)
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FIGURE 55
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Scanning HElectron Micrograoh of a C. hepatica Worm

e

from & Mouse Dosed with 3.13 wg/kg Mebendazole

FIGURE 56

(Vermpx.@b Y (% 1000)

(Note extensive vacuolisation and collapse of the

worm body)

Scanping Electron Micropraph of a C. hepatica Worm

A L o At st e W

from a Mouse Dosed with 30.0 mp/kg Albendazole

(valbazen ® )  (x 1 000)

(Note enlarged pores)
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hepatica Worm

T s o

12,5 mp/ky Oxfendazole

Scanning Blectran Micrograph of a ¢,

Mouse Dosed with

from ..
(Rystames A
SBystamex B ) (x 1 00g)

(Note enlarsod pares and cutioylap corvslution)

Scanning Rlectron Micrograph af a €, hepatica Worm

from a Mause Dosed with 30.0 mg/kg  Febanta]
SRintal ® ) (x 1 000)
(Note lengthwise shrinkage)
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5. DISCUSSION = g
i s : .
5.1 Analysis of Material

In order to evaluate the effectiveness of the drug
treatments, it was necessary to obtain an estimate of

the number of C. hepatica eggs in both the treated and

control animals. As the eggs are deposited in the liver
of the ‘host, but are immune to normal digestive
processes in their unembryonated state, they may be
released from the liver by the artificial digestion
technique uscd in this work. This was first proposed by
‘Matousaki (1951) and was modified by Vollerthun et al.
(1974). This technique relies on a combianation of
pepsin and hydrochloric acid being mixed with the liver
tissue and stirred at 37.59C for a period sufficient to

digest the liver tissue and any f£ibrotic masses which

are present, thus leaving the C. hepatica ova free in

solution, : o j

Once the eggs have been freed from the liver tissue, an
egtimate of their numbers needs to be made. The method

emploved by all the above authors was that of the

McHMaster counting chamber. This tachnique relies on the
fact that many eggs and larvae float in certain salt
solutions, while the debris (in this case liver
particles) sink., The eggs float to lie immediately
below the upper glass of the chamber, which is etched

with a square 1 cm x 1 cm and can be examined by meaus

TE o of a microscope. The width between the two glass plates
1 ' o of the chamber is 0.15 cm, thus the volume of liquid
k? o being examined is 0.15 ml, and hence the total number of

eggs per gram of liver may be extrapolated (Ministry of
fL Agriculture, Fisheries and Food, 1971). The accuracy of

]f this technique is sometimes called into question, but

h? Dunn (1978), although accepting the limitations of this
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method, states that counts of, for example, 500 and

2 000 eggs/g, respectively, or 2 000 and 10 000 eggs/g,
regpectively, represent valid results; whereas counts of
500 and 800 eggs/g or 2 000 and 3 000 eggs/g are not
considered to be different. As one is looking for gross

differences in egg counts between treated and untreated

groups of mice after attempting to treat C. hepatica

infection, this technique is considered to be valid.

Although this technique was satisfactory, it proved to

be laborious when large numbers of animals were

S TR

involved. With this in mind, it was felt that it might
be possible to distinguish between successful and
ungsuccessful treatments on the basis of a difference
between the liver weights of various dosed groups, as
compared to their respective control group(s). In this
type of expcrimeﬁt where each group is to be compared te 7 \
the control, a multiple comparison procedure (i.e. o
between the treatment groups) is not required, but one
does wish to know which treatments are most strikingly
different from the control, For these reasons, the
Dunnett's test fot multiple comparisons with a control

was used (Dunnett, 1964).

The use of the liver weights in tbhe Dunnett's test, as
degcribed above; 1is only a valid represantation of the
number of eggs present, if there 1is a linear
relationship between the liver wveight and the number of
eggs present in that liver. TFigure 59 shows that there
is a linear relationship berween the weight of the mouse
liver and the number of eggs per gram of liver. A
linear regression analysis  gives a  correlation

coefficient of 0,3499, which is significant at the one

per  cent level,  thus showing that the linear

relationship is a good fit for these data.
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The Dunnett's test was applied to the mouse liver
weighte, but because of the linear relationship between
liver weight and egg numbers, the result of the

Dunnett's test is e true reflection of the number of

C. hepatica ova present in the livre, 1t may,
therefore, be suggested that in pilot experiments (where
high doses of drugs are used to determine their

potential effectiveness ag. nst C. hepatica) the

Dunnett's test, when ugsed for Livar weights, provides a
good indication of the effectiveness of a drug. This
woulid then obviate the necessity for laborious egg
counting procedures in these initial stages of an

investigation.

Chemotherapy

This study has revealed four anthelmintics which have
good efficacy against the deposition of C. hepatica eggs
in mice. -The lowest dose-~levels at which these
compounds achieved more than 99 per cent reduction in
deposition of eggs in the mouse liver, are given balow

in Table 7.

0f these four compounds, only mebendazole is at present
marketed in South Africa as a preparation for lwuman use,
The remaining three compounds are at present available
only for veterinary use. It should be noted that only
in the case of mebendazole does the total experimental
dose fall within the manufacturer's recommended dose

range.

i
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(systamex ® )

TABLE-7 TLowest LEffective Dose Against C. hepatica
EXPERIMENTAL MANUFACTURER' 8
DRUG ; RECOMMENDED
DOSE LEVEL TOTATL DOSE DOSE (mg/kg)
(mg/kg) GIVEN (mg/kg)
Albendazole 30,0 150 3.8 - 7.5
(Valbazen ® )
Febantel 30.0 150 5.0 - 20.0
(Rintal ® )
Mebendazole 3.13 15.63 8,6 -~ 17.1
(Vermox ® )
Oxfendazole 12.5 62.5 5.0

These resulis confirm tn¢ finding of Lammler and Griner

(1976) for mebendazole. Working with M. natalensis,

they determined the reduction in €. hepatica ova

deposition to be 89.5 per cent at 3.12 mg/kg and 99.98

per cent at 6.25 mg/kg.

In the work recorded here, a veduction of 99.7 per cent
was seen at 3,13 mg/kg, and 100 percent reduction at
6.25 mg/kg. In both Limmler and Griiner's (1976) study
and the present investigation, the drug was administered
for the same period i.e. frow days fourteen to eighteen
of the experiment. Mebendazole = is, therefore,
considered to be the most effective anthelmintic tested

to date for the prevention of egg deposition by

C. hepatica.

Sl
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As the drug was administered from days fourteen to

eighteen post inoculation with C. hepatica eggs, the

drug presumably either: prevents the worms from
reaching maturity; or causes their deathj or whilst f7' j
allowing the worms to reach full maturity, prevents egg v
production. 1 would postulate that the worms are
generally killed by the drug. The evidence available to
support this statement is simply tbat, when dissecting !_ ]
livers to obtain specimens for SEM, it was noted that
there ‘were very few worms presant in successfully
treated livers, whereas they were abundant in untreated

controls. I \

* Little was previously known about anthelmintic treatmeunt

for €. hepatica infection but in ihe 1light of the ks ‘ I

results reported here, it would seem that patients

suspected of suffering from C. hepatica infastation

should be treated with mebendazole as sooun as possible.
However, treatment should not be withheld if the disease
hag progressed past the first few weeks, as Ldmmler et
al. (1974) showed that egg production proceeds until
about day seventy of the infection. Of course, if there
is any possibility of subsequent reinfection with

embryonated C. hepatica eggs, then treatment should be

given immediately in order to minimise further Lliver

damage. TIn the human cases cited in the literature, the

therapy given was largely supportive, as the nature of
the disease was generally diagnosed long after the onssat

of 1llness.

Mebendazole has emerged over the last decade or so as an

extremely effective broad spectrum anthelmintic, in a

range of hosts. The human preparation of the drug is
used for single and mixed infections of both nematodes

and cestodes. The following are but a few selected :

examples of the effectiveness of mebendazole.

A TN pwv 3
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It has been utilized with success against Syngamus

'trachea in both turkeys and cock-pheasants (Thienpont

C A WIS g g {ﬁ

et al., 1973; Schricke et al., 1973) and in cock-

pheasants against Capillaria contorta in the oesophagus - %

al
,,‘

and Capillaria obsignata and Capillaria caudinflata in

‘the intestine (Schricke et al., 1973). Mebendazole has
been found to be highly effective agianst Trichinella
~spiralis. VWhen used in mice, six doses at 7.5 mg/kg
were given and deemed effective (MeCracken et jﬂ::
1982). Mebendazole has been rated as highly effective E |

against = Strongyloides - ratti and Strongyloides

stercoralis, strongyloidiasis being one of the major f‘ 1
human intestinal nematode infections (Grove, 1982). In
a trial involving Indian school children, Kan (1983)

showed that although mebendazole did not result in a

complete parasitologicél cure, it reduced the egg burden

< 3 in T. trichiura infections. This is of interest as this

parasite is in the same Ffamily as C. -hepatica. : j

Mebendazole is a most useful anthelmintic drug, and

treatment of C, hepatica infection may now be included

in its range of uses,

The scope of this work did not include investigation of
the effects of any of the drugs tested on the granulomas

formed by the deposition of C. hepatica ova in liver

tissue. It is5 possible that treatment with the same, or i‘ {

ﬁ;’ : : different drug, may reduce the Lliver damage. For :

A example, Mehlhorn et al. (1982) have demonstrated that

%f‘ : ' praziquantel (here shown to have a small, but
S

ineignificant, effect on egg deposition by C. hepatica)
J S S Y

does cause regression of liver granulomas caused by

Schistosoma mansoni, If a drug could be found to do

this in the case of C. hepalbica infection, it would

obviously be of Ffurther aid in the treatment of this

disecase.
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Scanning Electron Microscopy (SEM)

SEM seems Lo have become a popular methou of visually
determining the’ effects of anthelmintics on various
parasites. For exémple, the effects of praziquantel on
schistosomes has been clearly demonstrated (Becker et
al., 1980; Mehlhorn et al., 1981; Mehlhorn et al., 1982;
Mahlhorn.aglii., 1983). The effects of the same drug on
cestodes have likewise been revealed by SEM (Beckeryfﬁa
al., 1981; Conder et al., 1981). In the same way Blazek
(1981) demonstrated the effects of two drugs in bovine
cysticercosis. In all these examples, the general
picture is one of tegumental shrinkage and

vacuolisation.

Studies - such as those mentioned above have not been

performed on C. -hepatica. Wright (1974 and 1978)

appears to have been the only author to have attempted
SEM on C. hepatica. He showed the cuticle to be highly
wrinkled and folded over the spicule sheath of

C. hepaticg.

The SEM examination by the present author of C. hepatica
worms treated with albendazole, febantel, mebendazole

and oxfendarzole 1revealed the general picture of

‘tegumental shrinkage and vacuolization. The greatest

degree of wvacuolization was seen in the mebendazole-
treated worms. This wag the wmost successful drug

against €. hepatica. It is not known what mechanism

causes these effects, but Probert ot al, (1982) treated

Monezia expanza with oxfeudazole aund ghowed tegumental

distortion and vacuolization; they suggest that the drug
acts on the metabolism of the worms, causing starvation-
like conditions and hence autophagy. Whatever the
mechanism(s), these preliminary results would seem to
show that the drugs tested do have a visible effect on

the external appearance of the C. hepatica worms.
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APPENDIX A

DETAILS OF ANTUELMINTICS USED
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APPENDIX A

e

TOTAL
ACTIVE REGISTERED SUPPLIER FOR USE ACTS ON: RECOMMENDED
COMPONENT TRADE-=NAME IN: DOSE
{mg/kg)
Abendazolel |valbazen Smith-Kline | Cattle, Sheep |Roundworm, 3,8 ~ 7.5
Lungworm,
Tapeworm,
Liver fluke
Amoscanatel - Ciba Gelgy Man Hookworn, Not
Schistosomes | Avaiiable
Febantell Rintal Bayer Cattle, Sheep |Roundworm 5 - 20
Goats, Cats, ‘
Dogs, Poultry,
Ostriches
Mebendazole Vermox Jdanssen Man, Dogs, Nematodes, 8.6 -~ 17.1
‘ Cats Cestodes
Niclosamidel2|Lintex Bayer Sheep, Goats |Tapeworm 50
Calves
Oxamniquine Vans il Pfizer Man ‘S.kmansohi 60
0xfendazole1 Systamex Caopers Sheep, Goats Roundworm, 5
Lungworm,
Tapeworm
Oxyclozanide! {101 Liver 161 Cattle, Sheep,|{Liver fluke 10
Fluke Remedy Goats
Piperazine! | Ascaradina Panvet Horses, Pigs, |Roundworm 200 - 300
adepate Poulfry
piperazine Rid WDe Man Threadworm, 22
citrate Roundworm
Piperazfnel Wazina Salsbury Pigs, Horses | Ascarids, 100 - 200
dihydro- ' Pinworm,
chloride Nodutar worm
Praziquantel | Droncit Bayer Man, Dogs Tapeworm 5
Cats
Pyrantel Combantrin Pfizer Man Roundworm, 10
Threadworm,
Hookworm
Rafoxanide! [ Ranide ) Steep, Cattle |Liver fluke, 7.5 ~ 15
Wireworm,
Nasal worm
I Doratnd 2 Also available as Yomesan (® for man
» N
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APPENDIX B

REGOLYS OF PILOT EXPERIMENTS
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