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Ultraviolet radiation of Schistosoma mansoni. 1. Influence of
pre-hatching radiation of eggs on hatchability of eggs and
survival of miracidia

N

5-

A.A. Hassan' and J.P.O. Oyerinde
Depariment of Medical Microbiology and Parasitology, College of Medicine of the University ‘of Lagos, Nigeria

Abstract

The hatchability of Schistosoma mansoni eggs exposed (o ultraviolet (UV) radiation and the activity of the hatched
miracidia were examined, Hatchability decreased with the increasing exposure to irradiation, The difference in
hatchability of eggs irradiated for 15 and 30 minutes were highly significant (P < 0.01. da. = 3.07 and 3.24)
compared with hatchability of the non-irradiated eggs. The mean'motility rates of the hatched miracidia were found
to be radiation dose-dependent. There was a 21.4% reduction in motility compared with' the motility rates in the
non-irradiated miracidia. The life span of irradiated miracidia was shortened, only 19% of those exposed 1o UV
radiation for 30 minutes survived for 3 hours as against 80% survival rate in the non-irradiated miracidia. There
was no significant difference found in the ability of hatched miracidia to attach to the snails irrespective of the
radiation dose exposure the eggs were initially subjected.
R

Cember, 1969; Sharma, Razdan and Ansari, 1978).
Most radiation studies on ‘schistosomes reported the
lethal effects of gamma and x-radiations, the
developmentofresistance tore-infection and the immune
responses in the host.

However, Prah and James, (1977) studied the effect
of UV radiation, a constituent of natural sunlight, on the
infectivity and survival of S. mansoni and .
haematobium miracidia. Urbach, (1989), observed a
highly significant correlation between ime and length
of‘exposure Lo solar irradiation and skin cancers.

The Nairobi declaration on climatic change in 1990

Introductibn &

Several authors have reported an the.influence of such
factors as temperature, pH, light, salinity and redox
potential on hatchability of schistosome eggs (Bair and
Elges, 1973; Donelly;~Appleten and Schutt, 1984,
Samuelson, Quinn and Caulficld, 1984). There is much
uncertainty about the-specific influence of climatic
factors in parasite ransmission route and development
(Weiheand Mertens, 1991). Hatchability of schistosome
could range from 21% to 82% depending on prevailing
circumstances (Jordan and Webbe, 1969). Inlike manner |

Upatham Sturock and Cook, (1976) recorded hatching

rates from 1:1% t0 97.1%

Radiation influence on a variety of living organisms
hasbeen observed to vary from partial to total interference
with normal developmental processes (Litchenberg and
Sadun, 1963; Michaels and Kean, 1969; Farvar and

confirmed a significant increase in trace gases which is
responsible for a gradual erosion of the stratospheric
ozone layer which is expected to lead to an increase of
UV radiation at the carth's surface. An augmentation of
incident biologically elfective UV-B radiation
wavelength band between 290 and 325 nm could be a
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serious risk factor in the future (Urbach, 1989, Weihe
and Mertens, 1991).
Inview of an expected change in radxauon intensities

associated, with the mean annual global temperature *

increase, the present study therclore aimed atdetermining
the possible influence of changes in* UV radiation
intensities based on length of exposure on the hatching
of S. mansoni eggs as well as the attachability of
miracidia obtained from UV irradiated- eggs. The
implications of these experiments in relation to
transmission from man to snail or snail to man are
discussed.

Materials and methods

Preparationof S. mansoni egg suspension: Eggs of .
mansoni were recovered from the livers of infected
white mice, 12 weeks post-infection by homogenizing
the liver tissue in approximately 50 ml cold normal
saling. The number of eggs in 0.5 ml of the thoroughly
mixed suspension was determined.

Irraddiation procedure: Five millilitres of thoroughly
mixed suspension were placed in each of five 90 mm
diameter dishes. Four of these were exposed to UV
radiation from a lamp source emitting a wavelenth of

254 mm from a distance of 125 mm from the base of the
containers to the radiation source, Radmuon procedure ;

was as detailed out by Ariyo and chnnde (1990).
Radiation exposurc of the egg Imlchcs were for (0.5, 5.0;
15.0 and 30.0 minutes respectively, '

Hatchability rate: The egg suspension in cach of the §
petri-dishes was diluted with 50 ml distilled water and
exposed tolightundera 60-wattsbench lamptoenhance

hatching. Attimeintervalsof 15,30, 60 and 90 minutes,

adrop of 10% formalin was added to every 0.5 mlof egg
suspension from each of the § petri-dishes to prevent
further hatching. The total number of €ggs that hatched
inan average'of 3 counts divided by the total number of
egg count multiplied by ‘100/was used as the %
hatchability.

Miracidia life span: “Suspension of miracidia were
obtained from batches of eggs irradiated at different
radiation levels. The mean number of miracidia per 0.5

ml of the miracidia suspension was estimated. At 26°C.

room temperature and atone-hourly intervals, the number
of dead miracidia in 0.5 ml of the suspension was
counted. Death of miracidia was determined by lack of

motility. A mean number of dead miracidia and hence -

the percentage of survival was determined.

across two fixed points of known distance on a plain
glass slide was determined under the microscope using
astop clock. The mean motility rate of miracidia hatched
from eggs radiated at different levels was recorded as
distance moved in millimeters per second (mm/sec.).

Ten freshly hatched miracidia were used to estimate
mean motility rate,

Miracidia infectivity: Biomphalaria glabrata in the
size class 4-6 mm (shell diameter)- were selected. The
-snails were grouped into 5 batches of 10 snails per batch
Each snail in a batch was placed in a universal bottle
containing S ml of distilled water with 10 miracidia of
particular radiation level, The other batches of snail
were similarly exposed to miracidia of other radiation
levels, Thecontrol batch was infected with non-irradiated
miracidia. After 1 hour exposure time, the-snails were
removed and placed in separate culiaré bowls. The
infecting water was examined with a4 microscope and
the number of unattached miracidia were noted for each
snail. The % infectivity rate was determined using the
difference in total number of inféc, ‘ng miracidiain each
batch (100 miracidia) and the total numberof unattached
miracidia divided by the number of snails, ten, in each
batch multiplied by 100.

Results

Egg viability and hatchability: Microscopic
examination of irradiated S. mansoni eggs did notreveal
any drastic. morphological changes. The proportion of
viable eggstonon-viable eggs was approximately equal
ift. all 'batches of eggs exposed to, different radiation
levels. In the batches of eggs exposed for 30 minutes, an
insignificant numbr of cggs among the viable ones were
observed to have become darkened in colour,

The cumulative % hatchability after two hours expo-
sure to light showed that there was a-decrease in the
hatchingrate of eggs exposed to irradiation as compared
to result obtained in the control (Figure 1). '
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et : TR . Fig. 1: Two-hour cummulative hatchability rate of
Motility rate: The time taken by miracidia to move . ' .

irradiated S. mansoni eggs.

The difference in % halchabilily compared with the
control was not significant at 0.5 minutes irradiation
level but was highly significant at 15.0 and 30.0 minutes
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I‘ng 2: Hatchability rates of eggs exposed o various

levels of U.V. radiation.

e . Control (No radiation).
S W 0.5 mins radiation.
e —— 5.0 mins radiation.

— 15.0 mins radiation.
e i 30.0 mins radiation.

(p<0.1, do= 0.81, 3.07 and 3.24 respectively). After 2
hours of exposure to light, no further hatching of eggs
occurred in the irradiated eggs. An additional 2% of the

Table 1: Life span of §. mansoni miracidia hatE:hcd
from UV radiated eggs.

Radiatio * | Time of Observation (hours)

Level 0 1 2 3 4 S 6
(Mins.)

0.0 100 100 86 80 49 4 0
05 100 80 67 5030 0 0
50° 100 75 39 17 8 0 0
15.0 100 69 31 15 8 0 0
30.0 100 69 .44 19 0 0 0
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* Fig. 3: Cumulative mortality #ate of miracidia fron §.

mansoni eggs irradiated pre-hatching.
[ Conurol (No radiation):

[10.5 mins radiation:
[0 5.0 mins radiation.
- B15.0 mins radiation.

330.0'mins radiation. :
level-dependent. There was a significant variation, Y =
2.60 + (-0.02X), (F = 60*), in the relationship between
the rate of movement and the radiation dose level
(Figure 4). At 30.0 minutes exposure level, a 21.4%
reduction in motility compared with the motility of the
control miracidia was recorded (Table 2).

Table 2. The rate of movement of S mansonz miracidia
from irradiated eggs. :

Radiation. Mean motility Reduction in motility
k ratee
Level (mins.) (mm/sec.) (S.D.)
0.0 2.67 (0.10) 0
0.5 2.50(0.10) - 6.4
5.0 2.50.(0.10) 6.4
150 231(0.23) 13.5
30.0 2.10 (0.05) 214

eggs in the control bateh hatched followinga further one

hourexposure timefor hatching. As the numberofeggs
thathatched increased with the duration of hatching, the -
- proportion of hatched eggs at a particular ime interval

varied with the radiation levels (Figure 2).
Miracidia life span, motility and infectivity: The
percentage survival rates (Table 1) show that under the
experimental conditions, the control miracidia survived
for 5 hours while only 19% of those exposed for 30
minutes survived for 3 hours. The cumulative mortality
rate of S. mansoni miracidia increased with the age-of
miracidia recorded in hours as well as the radiation
exposure levcl (Figure 3).

The activity (the rate of movement) was alsoradiation

Ay

*Each reading is an’average of motility rate of 10
miracidia (i.e. time taken to cover 1 mm).

Table3: Thenumberof miracidia obtained from radiated

cggs clfecting infection per snail.

Radiation Snall number Mean no of
) ' attached
Levels 1 2 3 4 5 6 7 8 9 10 miracidia
per snail
(min.) (S.D.)
0.0 6: 8§ 757 9.9 7 8 6 (1)
0.5 7 8976 8638 96 7(1)
5.0 6 5767 794 88 7(2)
150 8 7 6 78 107 6 9 8§ 8(1)
300 6 47 810 8 6 8 7 8 7(2)




ULTR.AVIOLET RADIATION OF SCHISTOSOMA MANSONT 61

y : 2:60 t(-0.02X)

@

Rate of Movement

©

5.0 150 250 350
Radiation  Level (mins)

I'ig. 4: The relationship between the mortality rate of
miracidia from radiated eggs and radiation levels.

The results of miracidia ability to attach to snails are
presented in Table 3. The regression analysis, Y = 66.8
+ (0.04X), showed that the variation due to regression
is not significant, F = 0.07. '

Discussion

The present study confirms previous findings that the
development of schistosome larval stages is influenced
by radiation. Inspite of unobserved drastic changes in
the egg morphology or viability of the irradiatcd eggs;
there was a significant interference with the hatching
rate of eggs. The decreasing hatching rate with an
increasing UV irradiation exposure is in line with the
findings of Samuelson et al. (1984) who reported that
hatching occured as a result of thé aetivity of the
miracidium. The decreased hatchability in eggs ex-

posed to high level (30.0 minutes) of radiation might
have been as a result of radiation-damage to the mira-
cidia and hence interference with miracidia activity or
ability to induce hatching.

UV radiation cannot explain any inhibition in the-

build-up of intemal osmotic pressure needd for hatch-
ing as reported by Kusel (1970) nor can UV support the
proposed hatching mechanism by Bairand Etges (1973)
thathatching maybe induced by enzymatic degradation
of the egg shell. No reports discussing the effect of UV

radiation on the various type of enzymes reported to be
present in S, mansoni eggs were encountered. Higgins- *

" Optiz and Evers, (1983) observed that hatching of eggs
occured as a result of the shell rupturing on one of the
two lateral side of the egg surface. The observed
inhibiting effects UV light had on hatchability in this
study could have explained such distinctive longitudinal
orifice but for localized damage or focal actiop by
enzymes (Samuelson et al., 1984) on the rupture line
assuming they were present. Radiation could not have

.

. selectively affected particular locauon on the egg shell.

On these line of thought, the decreased activity of
miracidia exposed to high radiation exposure level, (30
minutes) might have been as a result of radiation dam-

-« agedofthemiracidiaand hence thereduced hatchability
“ rale with increased radiation exposure.

However, the most tenable assumpticn like Prah
and James, 1977) suggested appears o be that the
influence of UV radiation on metabolic processes in the
miracidia may directly affect activity and hence sur-
vival and infectivity. Although the infectivity of the
hatched miracidia exposed to UV radiation pre-hatch-
ing was not significantly affected by radiation of what-
ever dose level (Table 3), Ghandourand Webbe (1975)
working on the development of gamma-irradiated cer-
cariae found that, cercaria¢ could not reach maturity
though they were ableto'penétrate the host.-One could
therefore assume that the hatched miracidia that were
not retained in the infecting water were capable of
attaching. Moreover, the increased reduction in motility
and survival rates could imply that the rate of further
developmentor penctration would reduce with increase

- in UVradiation exposure.

This study did notestablish the dirceteffectofnatural
LY radiation [rom sunlight on the miracidia which is
posilively phototropic, it however confirms that in the
future, the increase in UV reaching the carth, il not
controlled have asignificanteffecton organisms' aclivi-
lies positively or negatively. A reduction in the trans-
mission level of schistosome could be forced.
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