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The observed survival of adult Schistosoma
mansoni in vivo under conditions producing a
marked reduction of respiration of this parasite
has been reported previously from this laboratory
(Bueding, Peters, and Welch, 1947). Mature
schistosomes removed from the portal venous
circulation of rabbits (which had previously been
given repeated daily intravenous injections of a
cyanine dye) exhibited a normal rate of glycolytic
activity, although their oxygen consumption was
greatly diminished. No evidence of a concurrent
chemotherapeutic action of the dye was observed,
and no differences in the appearance, motility or
distribution of the parasites were detectable in
comparison with parasites from untreated animals.

This observation has been extended by the
experiments described below. One of these shows
that repeated injections of the same compound into
hamsters infected with S. mansoni seven weeks
previously, produced no observable effect on the
mature worms other than a depression of respir-
ation. However, other experiments demonstrated
that significant changes in the course of infection
were associated with this respiratory depression,
when treatment was begun at an earlier stage of
development of the parasite. It is this latter obser-
vation and its implications which is believed to
deserve publication.

METHODS

The cyanine dye, 1’-ethyl-3:6-dimethy-2-phenyl-4-
pyrimido-2’-cyanine chloride, whose structural for-
mula appears elsewhere (Welch et al., 1947 ; Peters
et al., 1949 ; Bueding, 1949a) was administered intra-
peritoneally as a 0.125% (w/v) solution in 0.85%
(w/v) NaCl.
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Young Syrian hamsters, weighing 85 to 120 g., were
exposed to freshly shed cercariae from laboratory-
infected snails (Australorbis glabratus, Puerto Rican
strain). Infection was accomplished in Exps. 1 and 2
(Tables I and IIA) by intraperitoneal injection of
aqueous suspensions of 160 to 180 cercariae. The
alternative procedure used in Exps. 3 and 4 (Tables
1IB and III)—namely, immersions of the animals in
similar suspensions—ultimately led to heavier infec-
tions with adult schistosomes.

Faecal pellets from the individually housed animals
were collected on clean moist blotting-paper placed
under the wire-mesh cage flooring. Single pellets were
transferred to glass slides, mixed with several drops
of distilled water, covered with a glass slip and exam-
ined microscopically for ova (100-fold magnification).
Ova were found in untreated animals six to eight
weeks after infection. Whenever repeated examina-
tion failed to reveal the presence of ova up to the
time of sacrifice, mucosal scrapings from the large
bowel were examined microscopically post mortem.

Animals were usually sacrificed for necropsy 24
hours after the last injection. Of the remainder, those
found moribund as a result of the infection were
sacrificed immediately ; those found dead were dis-
carded. The flukes were removed from the portal
and mesenteric veins with dissecting needles, and were
transferred, after counting, to a salt solution contain-
ing 200 mg. glucose per 100 ml. (Bueding, 1950).
Lots of eight to ten worm pairs then were transferred
to 0.8 ml. volumes of a similar solution contained in
small Warburg vessels (total volume of vessels: 5 to
5.5 ml.). The oxygen uptake was measured mano-
metrically over a period of two hours. Schistosomes
from untreated animals served as controls. Com-
parison of the oxygen uptake in two, and at times
three, vessels containing flukes from a single hamster
revealed a maximum variation of only 8%.

Other worm pairs from treated and untreated
animals were fixed in a solution containing 4% (w/v)
formaldehyde, 50% alcohol (v/v), and 2% (v/v) acetic
acid (Landowsky’s mixture) by vigorous shaking in
small vials. The whole worms were subsequently
stained with Mayer’s carmalum and were examined
microscopically for morphological changes. In the
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female worms particular attention was given to the
development of the ovary and vitelline glands, the
presence of sperm in the oviduct, and the presence
of an egg in the odtype or uterus. Male worms were
examined especially for testicular development and
for the presence of sperm in the seminal vesicles.

Sections of the livers of treated and untreated’

animals were also removed at necropsy. Several small
weighed fractions (8 to 14 mg.) of each of these were
immediately pressed between glass slides and exam-
ined microscopically for the presence of schistosome
ova. Quantitative results of such examinations are
expressed as the number of ova per mg. of tissue (wet
weight). In addition, livers of treated and untreated
animals were fixed by immersion in a 4% (w/v) solu-
tion of formaldehyde in saline. Histological sections
of these were examined microscopically for patho-
logical changes.

Some of the animals in each experimental group
served as controls and were not treated with the
cyanine. They, and the schistosomes and livers re-
moved from them, were subjected to procedures other-
wise identical with those described.

Quantitative data were analysed statistically by stan-
dard methods (for example, Burn, 1930). Such data
have been expressed in the Tables as means + the
standard error of the mean. Corresponding mean
values for treated and untreated experimental groups
were considered to be significantly different if a value
greater than 2.5 resulted on dividing the differences
between the two means by the square root of the
sum of the squares of the standard errors.

RESULTS

No signs of a chemotherapeutic effect were
detected in hamsters infected with S. mansoni
when treatment with cyanine dye was deferred
until seven weeks after infection. Characteristic
ova, indicative of maturity of the worms, were
present in the faeces of all animals at that time
and persisted in approximately equal and un-
diminished numbers in both treated and untreated
animals. Necropsy performed 24 hours after the

last injection revealed no macroscopically visible
differences between treated and untreated hamsters
in the degree of focal fibrosis of the livers induced
by deposition of and reaction to schistosome ova.
As shown in Table I, there was no significant

TaBLE 1

THE EFFECT OF DELAYED TREATMENT WITH CYANINE
DYE ON SCHISTOSOMA MANSONI IN HAMSTERS

Treatment begun seven weeks after cercarial infection when all

animals were excreting ova; dose: S .0 mm[kg di# daily for

four to eight doses, then 2.5 mg./kg. daily. erence

observed between treated and untreated ammals with re:tpect to

excretion of ova; gross pathological changes in liver host;

motility, distribution, degree of pairing, gross and microscopic
appearance of worms

Necropsy—24 Hr. After Last Dose
Total Durauon No. of W
Grou Dose of Days |'Yo 0 worm
P mg. /kg. l;lgz;sp)y after Plo,:tl;[fa ;?.d Qo,
Infection Mes. Veins
Treated
an 20-55 4-15 53-64 9+1.0 4.140.2
Untreated
a2 .. 0 0 53-64 11+1.4 10.0+0.3

difference between the treated and untreated
hamsters with respect to the average number of
worms recovered per animal from the extra-
hepatic portal-venous system, or with respect to
their distribution therein. Comparison likewise
revealed no effect of therapy on the motility and
appearance of the worms. In contrast, therapy
with the cyanine dye produced a marked depres-
sion in the oxygen uptake of the schistosomes. As
shown in Table I, the average rate of respiration
of the worms removed from treated animals was
less than 50% of that of worms removed from
controls.

By contrast, when treatment with the cyanine
dye was begun at an earlier interval, definite effects
on the course of the infection were discernible.
Tables II and III illustrate these effects under
different experimental conditions.

TaBLE 11
THE EFFECT OF EARLY TREATMENT WITH CYANINE DYE, 131 MG./KG. LP. DAILY, ON SCHISTOSOMA MANSONI IN
HAMSTERS

Necropsy
Appeara f
OEIa in lgfeee:s Hepatic Involvement No. of Worm
Treatment Group (Days aﬂer Days Pairs in o
Infe | after Ova/mg Pathological Portal and 02
. Wet Wel;ht Changes Mes. Veins
Treated (18) 60+0.4 57-71 4.61+0.5 1+ to2+ 1940.5 2.940.14
From 27th day after
cercarial infection | Untreated(16)| 50+1.25 41-56 16+1.0 3+ tod+ 31+1.6 8.5+0.35
B. Treated (22) 58+0.5 52-64 2.74+0.5 14+ (149 741 4.540.45
From 9th daAy after 2+ (8) 6+ 0.8 mes.
cercarial
4 4 54-66 7.8+1.0 24+ (3) 6+0.9 portal 6.7+0.33
Untreated (13) 7+0 2+ g; 15205 por:
+




SCHISTOSOMA MANSONI 17

In the experiment shown in Table IIA, therapy
was begun approximately three weeks before ova
appeared in the faeces of a group of untreated
animals studied at the same time. The delay in
excretion of ova, the decrease in the number of
worms recoverable at necropsy, and the lesser
degree of hepatic involvement in the treated
animals were all highly significant statistically, and
all indicate that the dye exerted a definite chemo-
therapeutic effect. The reason for the earlier
necropsy of untreated animals was that their infec-
tion had reached a terminal stage, whereas treated
animals remained healthy. Had treated animals
been necropsied as early as untreated controls, the
difference in the degree of infection would prob-
ably have been even more apparent. When the
livers of five untreated hamsters were minced and
suspended in water at 30° C., innumerable mira-
cidia were produced by hatching of viable eggs.
The low degree of viability of ova from worms of
treated hamsters was illustrated by the fact that
only two of eighteen livers examined yielded one
miracidium each, and the remainder none. Histo-
logical sections of liver stained with haematoxylin-
eosin revealed a significantly smaller degree of
tissue reaction and tubercle formation around
deposited ova in treated, as compared to untreated,
animals. The depressant effect of the dye on the
oxygen uptake of the worms was of the same order
of magnitude as that which occurred in the first
experiment (Table I).

TaBLE 111

THE EFFECT OF A SHORT PERIOD OF THERAPY WITH

CYANINE DYE BEFORE MATURATION OF THE WORMS ON

THE SUBSEQUENT Cogkgilisng{’s SCHISTOSOMIASIS IN
A

Treatment: 3 mg. of cyanine dye per kg., administered i.p. daily
from 30th to 40th day (incl.) after cercarial infection.

Appear- Necropsy
azr)lce 'Of H ic Invol
va in epatic Involve-
Faeces | Days ment {;‘v%rgf
Group (Days | after Pairs in Qo.
Iait'_ter Infec- Ofyi/.mgA lI’at.hol- Portal and 2
nfec- tion | of Liver | logica ;
tion) (wet wt.)| Change Mes. Veins
Treated 49-56 |41-56/4.04+0.6| +(5)| 51+2.8 5.8+0.3
(28) 1+ (9)
2+ (5) | 24£1.6
portal
3+ (9 1.7
mes.
Untreated] 48-56 |41-56,7.240.9| 1+ (2) | 514+3.7 8.6+0.4
(18) + (3)
3+(9) | 26+1.9
portal
4+ (4) | 31+2.4
mes.|
t

On the basis of these findings it seemed possible
that treatment begun at an even earlier interval

B

might exert a curative effect. Therefore, in another
experiment (Table IIB) treatment was begun only
nine days after infection, i.e. approximately five
weeks before ova appeared in the faeces of un-
treated controls. The treated animals showed a
significant delay in the excretion of ova and a
significant decrease in the degree of hepatic
involvement resulting from egg deposition. A
cyanine-induced decrease in the viability of ova
was again illustrated by the fact that none of the
livers from 22 treated hamsters yielded miracidia,
when minced and suspended in water, whereas
miracidia appeared rapidly in suspensions from
nine of 13 livers in the untreated group. How-
ever, none of these differences was greater than
those seen in animals whose treatment began on
the 27th day after infection. Furthermore, the
reduction in the number of parasites recovered at
necropsy was much less ; it was statistically signi-
ficant only with respect to the number found in
the mesenteric veins, but not in the portal vein.
An equally surprising finding was the fact that the
cyanine dye in this experimental group produced
a smaller, though significant, reduction in the
oxygen uptake of the worms. This suggested the
possibility that an alternative pathway for meta-
bolism, less susceptible to inhibition by cyanine
dyes, had been developed as a result of exposure
to this agent at a very early and possibly highly
adaptive stage of development of the parasite.

In the experiment shown in Table III, treatment
was begun at an intermediate interval after infec-
tion, approximately the same as that of the
experiment in Table IIA. Therapy was discon-
tinued on the tenth day so that the total dose was
within the range of that given at an advanced
stage of infection in the first experiment (Table I).
Necropsies were begun on the day following the last
dose of drug. As shown in Table III, the oxygen
consumption of worms from treated animals was
significantly depressed. The less marked hepatic
involvement in treated animals was indicated by
the fact that pathological changes were less
advanced and the egg content of the livers was
statistically lower than that of livers from the un-
treated group. The differences in Qo, and hepatic
egg content were considerably greater when only
animals necropsied before ova appeared in the
faeces were compared, i.e., animals sacrificed soon
after cessation of therapy.  This would suggest that
worms which had been exposed to the dye
recovered considerably at intervals further
removed from the therapy period. Statistically,
however, the differences were no greater than when
all animals were considered, because of the small
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number of animals in the early groups. Finally,
the interval at which excretion of ova began and
the number of worms recovered at necropsy were
not affected by treatment.

Microscopic studies failed to reveal any morpho-
logical differences between schistosomes removed
from treated and untreated animals in the four
experiments described.

DiscussioN

A high rate of aerobic metabolism is essential
for some parasitic helminths. For example, the
filarial nematode, Litomosoides carinii, survives for
less than 12 hours in an atmosphere of nitrogen
(Ross and Bueding, 1950), and reduction of its rate
of respiration by the administration of cyanine
dyes to its mammalian host results in the death
of these worms (Welch et al., 1947 ; Peters et al.,
1949).

S. mansoni is considerably more resistant
to anaerobiosis and to inhibition of its oxygen
uptake. It has been suggested (Bueding, 1949b)
that this difference may be a quantitative rather
than a qualitative one ; i.e., that this parasite has a
much smaller requirement for respiratory meta-
bolism, but, nevertheless, a very definite and ulti-
mately essential one. Though it can survive in
vitro in the absence of oxygen for five days,
survival under aerobic conditions has been
observed for as long as 16 days (Ross and Bueding,
1950). The present study shows that partial inhib-
ition of the respiratory metabolism of S. mansoni
in hamsters, by treatment of the host with a
cyanine dye, had no noticeable effect on the worms
when such therapy was of relatively short.duration,
and was deferred until after maturation of the
worms to the egg laying stage (Table I). When
therapy of comparable intensity (Table III) was
begun shortly before maturation of the parasites,
a mild chemotherapeutic effect was reflected in a
slight inhibition of egg production. This chemo-
therapeutic effect was increased greatly when
therapy was continued for a much longer period
(Table ITA) ; under these circumstances egg pro-
duction was much reduced and there was also a
definite reduction in the number of worms recover-
able from the portal venous system of the host.
Though the criteria for appraisal of chemo-
therapeutic activity were not equally applicable to
all stages of the infection, the results suggest that
dependence on aerobic metabolism is greater just
before maturation of the parasite. Finally, when
intensive and prolonged therapy was begun at a
still earlier stage of development of the parasites

(Table IIB), the sensitivity of the worms to the
cyanine dye was not as great, from either a chemo-
therapeutic or a metabolic standpoint, as it was
when therapy was begun several weeks later
(Tables II and III). It is possible that at the very
early stage of development the worms may be
capable of developing a pathway of respiratory
metabolism which is not susceptible to inhibition
by the cyanine dye.

The relatively low dependence of S. mansoni on
oxidative metabolism indicates that a major por-
tion of the energy derived for survival and repro-
duction of this organism originates from anaerobic
reactions. This might explain its very high rate
of glycolysis, which is not affected by oxidative
metabolism (Bueding, 1950). It appears likely,
therefore, that inhibitors of essential anaerobic
reactions would hold forth greater promise as
potential chemotherapeutic agents against S. man-
soni than would compounds, such as the cynanine
dyes, which affect its oxidative metabolism.

SUMMARY

1. Inhibition of the oxidative metabolism of
§. mansoni by administration of a cyanine dye to
infected hamsters is not associated with the
dramatic chemotherapeutic effects observed in
another parasitic worm, the filarial nematode,
L. carinii.

2. When daily parenteral injections of the dye
into infected hamsters are begun two weeks before
maturation of S. mansoni and are continued until
four to six weeks after maturation, a mild though
definite chemotherapeutic effect is observed.

3. Shorter periods of therapy, or therapy begun
earlier or later in the cause of the infection, were
much less effective. This suggests that the depen-
dence of the parasite on oxidative metabolism for
survival is of a low order, and varies to some
extent with the stage of development of its life
cycle.
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