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Introduction

 Conservative detection of pathogenic trematode Schistosoma  
 involves low throughput microscopy

 Two fl uorophores utilized as indicators of Schistosoma viability     

 Dual chromatic fl uorescence measurements performed on 
 the POLARstar Omega from BMG LABTECH in 96 and 384 
 well format

The blood fl uke Schistosoma is a parasitic trematode that is 
responsible for more than 200,000 human deaths per year. 
Most Schistosoma species are located in tropical and 
subtropical areas of the delveloping world. The state of the 
art to detect Schistosoma viability involves microscopy and 
knowledge of parasite morphology. The lack of appropriate 
methods for quantifying Schistosoma viability blocks 
the development of new anthelmintics. 
In this application note we present a fl uorescence intensity-
based microtiter plate assay to reproducibly detect schistosomal 
viability using the POLARstar Omega from BMG LABTECH (Fig.1). The 
principle of the assay is based on differential membrane 
permeabilities of the dyes, fl uorescein diacetate (FDA) and 
propidium iodide (PI). Fluorescein diacetate is able to cross the 
membrane of living cells. Once inside the cell, esterases will 
cut the diacetate and fl uorescein is released resulting in a 
measurable fl uorescence signal that is directly related to the 
number of living cells. In contrast, propidium iodide cannot 
enter a viable cell. This dye will only stain the DNA of dead cells 
when the membrane has been compromised. The simultaneous 
detection of both propidium iodide and fl uorescein diacetate 
measures allowed us to develop a fl uorescence-based, microplate 
bioassay to improve detection of schistosomal viability. The 
assay is adaptive to 96-well and 384-well format, quantitative 
and provides objective readouts (relative fl uorescence units) of 
parasite viability during in vitro culture. Using this fl exible 
bioassay, we demonstrate its versatility in detecting schistosomal 
viability in response to a known inhibitor of thioredoxin glutathione 
reductase (auranofi n).

 Black-walled, clear and fl at-bottomed 96-well plates from 
  FisherScientifi c

 Black-walled, clear and fl at-bottomed 384-well plates from Matrix
 POLARstar Omega microplate reader from BMG LABTECH

Schistosomula preparation and culturing
Schistosoma infected snails were exposed to light. The snails shed
cercariae that were subsequently converted to schistosomula by 
mechanical transformation. After purifi cation, microscopic  exami-
nation was done to assess quantity and quality of purifi ed
schistosomula. After preparation the schistosomula were cultured
in fl asks for 24 hours and aliquoted into either 96-well plates
(1000 parasites per 200 µL) or 384-well plates (200 parasites per 
40 µL). For more detailed information please refer to (1).

Schistosomula viability determination in response to auranofi n
Purifi ed schistosomula were cultured in microplates in phenol-red 
free DMEM for 24 h at 37°C and 5 % CO2 in presence of varying 
concentrations (10-0.625 µM) of auranofi n. After this all schisto-
somula were washed three times to remove test compound and 
culture media supplements. After washing the parasites, propidium
iodide and fl uorescein diacetate were simultaneously added to
each well to obtain a fi nal concentration of 2 µg/mL and 0.5 µg/mL 
respectively.

Measurement in the POLARstar Omega
Samples were measured from the bottom in dual chromatic mode
with 544 nm excitation/620 nm emission to detect PI and 485 nm 
excitation/520 nm emission to detect FDA.
All fl uorescent values were obtained with the plate reader incubator
set at 37°C to ensure effi cient esterase conversion of fl uorescein 
diacetate to fl uorescein within live schistosomula. Inclusion of 
appropriate control samples (live and heat-killed dead schistosomula) 
compensates for any inter-plate variations.

Data Handling
Numbers of live and dead schistosomula in each well were calculated 
using the following equations:
LIVE (FDA fl uorescence) = (Fsample – Fneg.contr.) / (Fpos.contr. – Fneg.contr)
DEAD (PI fl uorescence) = (Fsample – Fmedia control) / (Fneg.contr. – Fmedia control)

F = fl uorescence intensity units

Samples =parasites incubated with test compounds

Negative control = parasites killed by heat shock

Positive control = untreated parasites

Media control = wells containing only media and no parasites

Schistosomula viability calculation:

Fig. 1:  BMG LABTECH’s multidetection microplate reader POLARstar Omega

Materials and Methods

% Viability = x 100
Live (FDA fl uorescence)

Dead (PI fl uorescence) + Live (FDA fl uorescence)
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Live, dead and mixed schistosomula populations generated emis-
sion data that quickly reached a plateau (51 min for 96-well plates).  
As expected the emission values for live schistosomula were high-
est, for dead lowest and for the mixed population we obtained inter- 
mediate values. The optimal FDA incubation time was calculated  
to be between 3 and 12 min. We chose 5 min to collect FDA data  
(  in Fig. 3).

Schistosomula viability determination in response to auranofin
To validate the assay, auranofin, an experimental TGR inhibitor and  
anti-schistosomula compound, was added to the parasites during 
parasite growth.  In agreement with published reports (2), there  
is a clear and titratable anti-schistosomula effect on schistosomula 
viability (Fig. 4)

Percent viability transformations into probit values also allowed an 
auranofin LD50 calculation (0.82±0.49 µM). Maximum drug effect 
was seen at 10 µM auranofin, where microscopic examination of 
schistosomula confirmed that death was 100 %.

With the help of a fluorescent microscope we could confirm that  
FDA is useful for the staining of living cells and that PI is useful  
for the staining of dead cells. We could also confirm that no  
co-localization of FDA- or PI-devided fluorescence was observed  
in the same cell of an individual schistosomula.

Optimal fluorophore/schistosomula incubation time 
In pretests it was investigated how long both dyes should be  
incubated with the parasites in order to get maximal reproducible  
viability data. The results are shown in Fig. 2 and 3.

As expected dead parasites show the highest PI emission values 
whereas the signals for the live parasites are close to the media  
control and remain constant over time. The values for mixed  
samples containing live and dead schistosomula are inbetween. 
The optimal PI incubation time to distinguish between live and  
dead schistosomula is between 4 and 120 min (based on statistical 
significance calculations). We chose 20 min to collect PI data as it 
provided an adequate time window to process multiple microtiter 
plates (* in Fig. 2).
Whereas PI staining of dead schistosomula lead to an emission in-
crease over at least 120 min, FDA staining showed different results 
(Fig. 3).

In this application note we demonstrate a quantitative, fast  
and inexpensive method to reproducibly measure schistosomula 
viability. The use of a dual staining method is important for 
counteracting any pipetting errors and for verifying that differences  
in fluorescence are genuinely caused by differences in mortality.
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Fig. 2:  Kinetic study of propidium iodide emission of schistosomula samples 
in 96-well format.

Fig. 3:  Kinetic study of fluorescein diacetate emission of schistosomula 
samples in 96-well format.

Fig. 4:  Schistosomula viability in 96-well format calculated from fluorescent 
measurements after dual FDA and PI staining according to the formula 
explained in the materials and methods part.

Results and Discussion

Conclusion

References

16

14

12

10

8

6

4

2

0

Re
la

ti
ve

 fl
uo

re
sc

en
ce

 u
ni

ts
 x

10
00

0                      20                    40                    60                    80                   100                120

Time (minutes)

Live
Mixed
Dead
Media

30

25

20

15

10

5

0

Re
la

ti
ve

 fl
uo

re
sc

en
ce

 u
ni

ts
 x

10
00

0                   8                   16                   24                  32                  40                  48

Time (minutes)

Live
Mixed
Dead
Media

100

80

60

40

20

0

%
 v

ia
bi

lit
y

Dead            10              5               2.5           1.25         0.625            0             Live

Auranofin(µM)


