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ABSTRACT 

Tissue clearing is an old-fashioned method developed in the 1900’s and used to turn an opaque biological object into a 3D visualizable transparent 

structure. Developed and diversified over the last decade, this method is most of the time applied to mammals’ tissues, and especially mouse 

and human tissues for cytological, histological and pathophysiological studies. Through autofluorescence, immunofluorescence, in situ 

hybridization, intercalating agents, fluorescent transfection markers or fluorescent particle uptake, optically cleared samples can be monitored 

to discover new biological structures and cellular interactions through 3D-visualization, which can be more challenging in some extend through 

classical histological methods. Most of the tissue clearing procedures have been developed for specific applications like endogenous fluorescence 

visualization, immunolabeling or for revealing specific organs. Thus, choosing the adapted protocol may be empirical for non-model species, 

especially for mollusks for which very little related literature is available. Herein, we suggest an effective optical tissue clearing procedure for the 

freshwater snail Biomphalaria glabrata, known as the intermediate host of the human parasite Schistosoma mansoni. This clearing procedure 

involves solvents with a minimal toxicity, preserves the endogenous fluorescence of labeled parasites inside snail tissues and is compatible with 

an immunolabeling procedure 
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1. Introduction 

Tissue clearing is an ancient method first developed in the early 1900’s by 

Werner Spalteholz [1] to describe the anatomy of human and animal tissues 

and organs. The principle of tissue clearing is based on the modification of the 

refractive index (RI) of the considered object (usually written n, defined by the 

ratio between celerity -speed of light in vacuum-written c, and phase velocity 

of light in the considered medium, written vp). Tissue clearing typically involves 

the following three steps, namely sample fixation, permeabilization, and/or 

decolorization to reach an optimal RI: the optically cleared sample is then kept 

in a high-RI solvent (usually between 1.38 and 1.56 [2]). This principle allows 

for visualization of global structures inside of an organ, avoiding the 

deformation of information unfortunately inseparable from histological cuts. 

In line with the evolution of 3D imaging (multiphoton microscopy, light sheet 

microscopy) and image processing software (e.g. Imaris), several chemical 

transparency techniques were designed depending on the applications they 

were made for [2,3]. Thus, some protocols are more adapted to 

immunostaining while some other are compatible with the conservation of 

endogenous fluorescence [4]. For all clearing methods, one of the main 

challenges is dealing with the heterogeneity of the object to analyze, this 

heterogeneity could lead in light scattering through the different phases that 

the object may contain (each part of the object may react differently to the 

same treatments). Indeed, some clearing protocols are more effective at 

clearing certain organs for which some other are less efficient, in respect to 

the specific composition of such organs [5–7]. Especially regarding 

hemoglobin, its accumulation in tissues due to red blood cell lyses can reduce 

the efficiency of clearing procedure and increase autofluorescence [5,8]. The 

literature regarding non-optical clearing of non-model invertebrates is very 

limited [9–13], this is particularly true for mollusks [10,12,14] and especially in 

the context of parasitic infection [13]. Biomphalaria glabrata (Say, 1818) is the 

intermediate freshwater snail host of the trematode parasite Schistosoma 

mansoni (Sambo, 1907). This parasite can complete its life cycle through the 

infestation of a human definitive host, in which transmission occurs by direct 

skin contact with the fresh-water swimming larvae, called furcocercariae. 

Considered as a neglected tropical disease, schistosomiasis affects about 240 

million people worldwide [15], affecting especially tropical and subtropical 

countries. However, since 2013, the disease has been considered established 

in Europe, specifically in France [16]. To achieve its life cycle, S. mansoni infests 

a definitive mammalian host in which the hematophagous parasite reaches its 

adult stage and sexually reproduces, laying eggs spread in the environment by 

host’s feces. In contact with freshwater, eggs hatch and free ciliated 

miracidium larvae seeking for an intermediate snail host to infest from the 

genus Biomphalaria, such as snails from the species B. glabrata [17]. Following 

snail infection two scenarios can occur: either the host and the parasite are 

involved in a compatible interaction, in which the parasite exhibits a regular 

development, or, the host and the parasite are involved in an incompatible 

interaction resulting in the recognition, encapsulation and killing of the 

parasite by the snail’s immune system [18–21]. B. glabrata is thus especially 

studied for its immune system and its link with this polymorphism of 

compatibility [22,23]. To improve the understanding of phenomena occurring 

following an infestation, histological approaches have been conducted on 

Biomphalaria, from the depiction of the parasite route within the snail [17], 

the description of capsules within snail tissues [24,25] to the recent unveiling 

of the histological atlas for Biomphalaria [26]. However, none of the previous 

methods applied for studying Biomphalaria tissues are designed for 3D-

visualization of the planorbid snail. In this context, to study Biomphalaria 3D-

organization at tissular and cellular levels, label proteins of interest and 

monitor parasite infestation inside the whole snail organism, we implemented 

an optical tissue clearing method adapted to this organism model. 

Herein, we propose to enhance our understanding of the black box 

constituted by the interaction between the snail B. glabrata and its parasite S. 

mansoni, especially by deciphering the complex interaction between the 

parasite and the snail immune system. In this context, an efficient tissue 

clearing protocol would bring new perspectives for monitoring S. mansoni 

infestation in B. glabrata and would allow for a new visualization perspective 

of proteins inside the organism through immunolabeling. The present work 

details the method applied for B. glabrata whole individuals’ tissue clearing 

and gives new research applications of this method in the context of S. 

mansoni infestation. 

2. Method 

2.1. Ethics statement 

Our laboratory holds permit #39910–2022121915564694 (APAFIS 

number) for experiments on animals from both the French Ministry of 

Agriculture and Fisheries, and the French Ministry of National Education, 

Research, and Technology. The housing, breeding, and animal care of the 

utilized animals followed the ethical requirements of our country. The 

researchers also possess an official certificate for animal experimentation 

from both French ministries (Decree # 87–848, October 19, 1987). Animal 

experimentation followed the guidelines of the French CNRS. The different 

protocols used in this study had been approved by the French veterinary 

agency from the DDPP Languedoc-Roussillon (Direction Departementale´ de 

Protection des Populations), Montpellier, France (authorization # 007083) and 

the Ethic committee CEEALR (#C66-136-01). 

2.2. Biological material, parasite recovery and infestation 

Golden hamsters (Mesocricetus auratus) were infested with 700 cercariae 

of S. mansoni Puerto Rican NMRI strain. Seven weeks postinfection, hamsters’ 

livers were recovered and ground in saline solution (150 mM NaCl), parasite’s 

eggs contained in the liver extract were then recovered by filtration through 

sieves (with a final mesh size of 45 μm). 

Eggs were hatched in fresh water and miracidia were manually collected by 

pipetting and transferred to a 1.5 mL Eppendorf tube for downstream analysis. 

Miracidia were stained for 30 min with a green, fluorescent CellTracker™ 

probe: 5-chloromethylfluorescein diacetate, CMFDA (ref. C7025, 

ThermoFisher) as previously described [27]. B. glabrata snails from the albino 

BgBRE2 strains (Recife, Brazil), and melanized BS-90 strain (Salvadore, Brazil) 

[28] were exposed to stained miracidia for 24h before being proceeded for 

clearing procedure. 

2.3. Clearing procedure 

Clearing procedure was performed using X-CLARITY™ system 

(Polymerization System and Clearing System II) located at network facilities 

RHEM-Biocampus in Montpellier. The whole procedure was carried out 

through three steps: sample fixation, hydrogel inclusion and delipidation. 

Briefly, B. glabrata individuals’ shells were removed and snails were fixed for 

24h in 4 % paraformaldehyde at 4 ◦C. The snails used had a diameter range of 

6 mm–11 mm, corresponding to a weight range of 40 mg–90 mg (without the 

shell and before fixation). Regarding infested snails, fixation was done 24h 

after exposure to the parasite. Fixed snails were washed 3 times in Phosphate 

Buffered Saline solution (PBS), then they were incubated in hydrogel (from 

logosBiosystems: 4 % v/v Acrylamide, 0.25 % m/v VA-044, in PBS, no aldehydes 

were added in the hydrogel solution) for acrylamide passive penetration 

during 24h at 4 ◦C. Samples were then stand in hydrogel for 3h at 37 ◦C under 

vacuum for acrylamide polymerization. Finally, they are rinsed in PBS solution 

for 24h at 4 ◦C before proceeding to the clearing step as such (at that stage we 

can leave the specimens at 4 ◦C for a week). Clearing by lipids removal is 

performed actively through electrophoresis for 120h, before performing a 

passive step for 48h at 37 ◦C, both steps (active and passive) use the same 

clearing solution composition (200 mM boric acid, 4 % m/v SDS detergent, pH 

8.5). Samples were washed for 24h at 37 ◦C with PBS solution. Cleared samples 

are put until used in a mix solution of 80 % glycerol in PBS adjusted to a RI of 

1.46 nD using a refractometer (Mettler Toledo, 30PX refractometer model). 

The refractometer’s light source emits at 589,3 nm and the measurement was 

taken at 20 ◦C. 
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2.4. Immunolabeling and nuclei staining 

Samples were immunostained with an anti-Biomphalysin 1 antibody. It was 

designed using a peptide (INALDRNDVNWADDA) injected into a rabbit. 

Purification from the rabbit serum was performed on a peptidecoupled affinity 

column. 

Primary antibody staining was performed for 5 days at 37 ◦C in a solution 

of 1 % (v/v) Triton X-100. Samples are washed for 24h at 37 ◦C in a solution of 

0.1 % Triton X-100 in PBS. Fluorescent labeling was performed using an 

Invitrogen Alexa Fluor 488 anti-rabbit antibody (ThermoFisher, A-21206). 

Thereafter, specimens are washed in 0.1 % Triton X-100 PBS for 24h at 37 ◦C. 

Nuclei were labeled using propidium iodide and samples were put in an 80 % 

glycerol solution diluted in PBS to reach a RI of 1.46, adjusted using a 

refractometer. Negative control condition was carried out using pre-immune 

serum from the same rabbit used for antibody production. Two snails were 

used for the control condition, and the same incubation time, temperature 

and buffers were used as the immunolabeled condition. 

Imaging was performed using a light sheet imaging UltraMicroscope Blaze 

(Miltenyi Biotec) holding a 2 × MVPLAPO Olympus objective with a numerical 

aperture of 0.5 (acquisition step of 3 μm). The imaging medium was a glycerol 

solution with a RI of 1.46. We used 561 nm laser and a 620/60 filter for 

propidium iodide imaging and a 488 nm laser and a 525/50 filter for green 

fluorescence detection. Z stacks were performed according to the thickness of 

the light sheet. Confocal imaging was performed on a Zeiss LSM 700 

microscope (Bioenvironment platform, University of Perpignan, France). 

Pictures were treated through Imaris software for light sheet captures and 

with Zen (Zeiss) software and ImageJ for confocal microscopy acquisitions. 

Pictures taken in white light in order to illustrate the efficiency of clearing 

procedure (including those included in graphical abstract), were performed 

using a Nikon SMZ18 stereomicroscope, using a Nikon DS-Fi3 camera and 

NISElements Imaging Software (Nikon). 

 

3. Results 

B. glabrata cleared specimens were used to check their global tissular 

organization through green autofluorescence and nuclei staining by using 

propidium iodide, simultaneously we assayed the conservation of endogenous 

green fluorescence brought by stained miracidia of S. mansoni used to infect 

the snails before clearing. B. glabrata organism is not able to initiate 

melanization following an infection or an injury, this pathway being 

incomplete for this species [29,30]. Thus this particularity allowed to avoid 

some issues often encounters in other invertebrate models due to this 

immune mechanism [11]. Nevertheless, if Biomphalaria snails were not able 

to melanize intruders during an immune response, they can exhibit different 

levels of melanization of their tissues, this is why the clearing procedure was 

Fig. 1. Front part of B. glabrata snail after tissue clearing (A) and magnification of the black-framed area containing the radula of the same individual (B). This part of the snail is fully 

cleared, only letting chitin-containing parts uncleared. J: Jaws, PS: Pedal Sole, R: Radula, T: Tentacle area. Scale bars:1000 μm (A) and 150 μm (B). An uncleared full specimen can be 

seen in Appendix A for information. 

 

Fig. 2. Optically cleared visceral mass from an individual of B. glabrata observed in light sheet microscopy. A: 3D reconstruction of the hepatopancreas area after a serial acquisition, B, 

C, D, E: four focal planes taken in the thickness of the same individual. In B, green autofluorescence of the hepatopancreas is remarkable inside of each lobe, C and D planes show 

stomach with a high green autofluorescence and intestine while in E the albumen gland is clearly noticeable. AG: Albumen Gland, F: Foot, HP: Hepatopancreas, M: Mantle, OVO: 

Ovotestis, PI: Posterior part of the Intestine, S: Stomach, SC: Stomach Cavity. Red: propidium iodide, green: tissular autofluorescence. Scale bars: 200 μm. Dynamic 3D representation 

of a snail is available in Appendix B. An uncleared full specimen is shown in Appendix A,  permitting the assessment of organ location in the snail. 
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herein carried out on both an albino strain (BgBRE2) and a melanic strain (BS-

90) of B. glabrata in order to assess the efficiency of the chosen procedure 

with the whole potential strain panel that could be used for further 

experimental approaches, as several studied strains of B. glabrata are melanic. 

We succeeded to validate albino and melanized snails clearing through 

CLARITY method, only letting radula and jaws uncleared (Fig. 1A and B). In 

addition, black areas of the tegument of the melanized strain were perfectly 

cleared. 

Tissue clearing coupled to propidium iodide staining allows for nuclei 

visualization, making the whole snail organization and their different organs 

visible. Main organs are quite easily recognizable, such as hepatopancreas, 

intestine and albumen gland, foot (Fig. 2), and radula for which 

autofluorescence is particularly strong, as previously documented [31,32]. 

Tissues exhibited different autofluorescence levels for the green channel, 

some tissues with a high green auto-fluorescence as for examples the stomach 

due to its strong density and the hepatopancreas (noticeable even in a single 

plane as shown in Fig. 2) while this autofluorescence was far lower using the 

red channel (Appendix B). 

As performed previously, fluorescently stained miracidia larvae were 

prepared for snail infestations [27]. This procedure allows here to assay the 

conservation of endogenous fluorescence after clearing. Mother 

sporocysts usually start to develop closely to the miracidium penetration site 

[17]. In the context of infested snails, green-labeled parasites can be easily 

observed and their position and interactions within the snail may then be 

 

Fig. 3. Optically cleared snail of B. glabrata from albino BgBRE2 strain infested by S. mansoni NMRI strain miracidia observed in light sheet microscopy. Miracidia of S. mansoni transform 

close to their penetration site, i. e. the foot, the mantle edge and the pallial cavity [17,26]. A: Lateral view of the snail, some mother sporocysts are identified on the left side of the 

individual with white arrows. B to I: some parasites are shown through the orthogonal splicing of the host, giving their precise location within the infested snail, and making them easily 

distinguishable from background fluorescence or potential external artefacts. In B, D, F, G and H, sporocysts are found in the foot, in C, sporocyst is found in the cephalic region, in E, 

sporocyst is found in the roof of pallial cavity and in I, sporocyst has implanted in mantle edge of the snail. All nine pictures were captured from the same individual. Labels: F: Foot, Me: 

Mantle edge, T: Tentacle. Red: propidium iodide, green: CMFDA labeled parasites and snail autofluorescence. Scale bars: 300 μm. Dynamic 3D representation of another B. glabrata 

individual is available in Appendix B. 
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depicted (Figs. 3 and 4). Orthogonal views are especially presented to show 

deepness penetration of fluorescent parasites in the three dimensions within 

snail tissues (Fig. 3B–I and Fig. 4C–E). As an example, sporocysts may 

sometime develop near or directly on tentacles of snails as shown in Fig. 4E. 

Autofluorescence in the green channel is highly visible but still below 

fluorescence intensity level of parasites especially looking at the orthogonal 

views (corresponding to one focal slice), on which labeling intensity is 

noticeably superior to background fluorescence (Figs. 3 and 4). 

Even if orthogonal views allowed for a clear positioning of parasites, their 

relative position within the host can be monitored directly using 3D 

visualization through the surface plotting of fluorescent structures (Fig. 5). 

Sporocysts flushing snail tissues can be easily identified based on host’s nucleic 

surfaces observed around the miracidium penetration site (Fig. 5). 

Optical acquisition can be performed using confocal microscopy, even for 

some large specimens, enabling areas of interest to be explored in detail, since 

the defined zones are flush with or close to the surface of 

the object (Figs. 5 and 6). This type of acquisition allows for far more detailed 

biological observations such as interactions in-between parasites or between 

parasites and host’s cells. Our results demonstrated that tissue clearing allows 

for a deeper visualization in tissues compared to histological cuts, including 

vibratome thick cuts. 

Immunolabeling is compatible with CLARITY clearing method (Fig. 7), 

allowing for time gaining immunolocalization of structures of interest. Here 

are exhibited immunolabeling for a humoral factor involved in killing parasite 

[33,34] present in the foot (Fig. 7 A) and in the mantle edge of the snail (Fig. 7 

B). 3D reconstruction of the sample following Z-stack imaging allows for a clear 

visualization of labeled tissues inside the whole snail organism and even 

 

Fig. 4. Optically cleared snail of B. glabrata from the melanized BS-90 strain infested by S. mansoni NMRI strain miracidia. A, B: Lateral and front views of the snail, radula autofluorescence 

is remarkable, three mother sporocysts are noticed on the left side of the individual (white arrows). Those parasites are identified through the orthogonal splicing of the host, taken at 

different Z-value in C, D and E, giving their precise location within the infested snail tissues, making them easily distinguishable from background fluorescence. All five pictures were 

taken from the same individual. Red: propidium iodide, green: CMFDA labeled parasites and snail autofluorescence. Scale bars: 300 μm. 

 

Fig. 5. Light sheet microscopy visualization of a BgBRE2 strain snail infested by S. mansoni NMRI sporocysts. Surface constructions provide a better spatial rendering of the position of 

sporocysts. Surfaces of three sporocysts are defined in the foreground in white (indicated by white arrows) while snail tissue surfaces corresponding to nucleic staining are colored in 

blue. H: Head, M: Mantle edge, T: Tentacle. More details are given through a 3D dynamic representation in Appendix C. 
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displays the biological shape of labeled tissues or organs. As the whole snail 

tissues are transparent after treatment, sample thickness constitutes the main 

parameter that may reduce fluorescence recording, specifically regarding 

potential autofluorescence, if labeled structures are very small or labeling 

intensity is low. Also, in some cases immunolabeling may be preferably 

performed only on subsections of the snails to focus on regions of interest. 

 

 

Fig. 6. Confocal microscopy acquisition of NMRI strain sporocysts within the BgBRE2 strain 

snail. Acquisition was performed on a deepness of approximately 2500 μm. Those 

pictures were taken to the deepest attainable limit within the snail. The present picture 

corresponds to the Z-stack of the 70 pictures acquired (140 including both channels). Red: 

propidium iodide, green: CMFDA labeled parasites. Scale bar: 50 μm. A 3D visualization 

of those focal plane acquisitions is accessible in Appendix D. 

4. Discussion 

Optical clearing through X-CLARITY procedure allowed for a good 

transparency of the whole B. glabrata organism and tissues. This procedure is 

effective for albino strains of B. glabrata as well as for the melanized BS-90 

strain. In the context of a work on B. glabrata-parasite interaction, this 

procedure may be of interest for co-infection studies, allowing to follow 

several parasites stained with different labels, helping in the understanding of 

their dynamics and potential interactions within the host snail. This procedure 

may be particularly relevant for monitoring a sequential infestation as for 

example to study innate immune memory in B. glabrata snails, and allowing 

to distinguish first and second 

S. mansoni parasite infestation, using fluorophores with different emission 

wavelengths for parasite labeling [35,36]. Moreover, contrary to more 

conventional methods yet developed to monitor parasite infestation, tissue 

clearing may permit to exhaustively follow the Schistosoma infestation status 

without altering the whole snail structure (either by dissection or by 

histological cutting). This method may allow subsequently works on the same 

individual, for which the infestation status and parasite intensity may thus be 

determined. Those subsequent studies may include an expression monitoring 

for candidate genes by RNAscope or a protein study by immunolabeling of 

host’s immune humoral compounds, cellular proteins [19,34,37,38] or 

parasite secretory products [39]. 

We showed that this tissue clearing procedure can be compatible also with 

immunolabeling, avoiding in some circumstances the use of microtome, or 

providing support to more classical histology procedures. However, the 

described procedure may be inadequate for immunolabeling of some 

membranous or hydrophobic compounds since this method contains an 

electrophoretic delipidation step of the samples, which may discard some 

molecules of interest depending on the experimental project considered. The 

targeted molecule selected to exhibit immunolabeling compatibility is known 

to be a soluble immune protein [34], however seen to be found inside of 

membranous structures (Fig. 6). 

This optical clearing method has the great advantage to avoid the use of 

toxic solvents and hazardous buffer preparation (which is the case for DISCO 

procedure and its derivatives, for example, through the use of benzoyl 

benzoate [2]), moreover, once made cleared, samples can be stored for 

several weeks in glycerol after immunolabeling, provided they are kept in the 

dark. X-Clarity has also the advantage to be conducted on a short time using 

an active electrophoresis, comparing to some other procedures for which a 

longer time can be required to fully achieve clearing [2]. Sample visualization 

is an important step especially as 3D microscopy has undergone significant 

development particularly with high resolution optical sectioning microscopies 

that allow for cellular level acquisitions in big samples [40]. As it can be noticed 

from tissue fluorescent labeling throughout the presented results, a strong 

tissue-specific green auto-fluorescence is exhibited. This autofluorescence 

may potentially interfere with some signal visualization, especially regarding 

hepatopancreas, stomach and radula (Figs. 2 and 3). However, this 

autofluorescence being specifically strong in the green channel, the use of a 

compatible fluorochrome with a proper emission wavelength must be done to 

diminish or avoid this green autofluorescence depending on the snail area 

monitored. Focal plans orthogonal observation still enables autofluorescent 

 

Fig. 7. Confocal visualization of Biomphalysin immunolabeling for BgBRE2 strain snail. A: Z-stack of the foot of BgBRE2 individual immunolabeled, B: Focal plane showing the mantle 

edge (Me) and a part of the foot of an individual (F). Red: propidium iodide, green: immunolabeling of Biomphalysin 1. Scale bars: 150 μm. More details can be seen in Appendix E and 

F. Negative control can be seen in Appendix G, incubated with pre-immune serum. 
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tissues to be separated from the relevant signal and the selection of areas of 

interest permits to avoid the impact of a given autofluorescent tissue. 

Herein, the depicted results were captured either using macro-light sheet 

and confocal microscope. Thus, a deeper sample visualization could be 

performed using clarity dedicated objectives for light sheet microscope to 

reach cellular levels with a better resolution. Quality and integrity of biological 

structures was preserved after clearing, as well as endogenous fluorescence 

of the parasites which was still detectable several weeks after treatment. 

Finally, we must be careful that samples are kept in glycerol with a 

homogenous RI to avoid sample dehydration, and that the picture acquisitions 

are taken in conditions avoiding dehydration of the studied samples. The 

depicted clearing method is compatible with albino strains of B. glabrata but 

also with melanized individuals [18], making it possible to exhaustively 

monitor the parasite count within the snail intermediate host regardless of the 

studied snail strain. It will thus be possible to study the strain-specific 

relationship between B. glabrata snails and S. mansoni parasites through in 

situ monitoring of the key factors involved in parasite survival or killing within 

the snail, either by RNA or protein-based methods. 
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