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Abstract

Cytotoxic compounds, presumably functioning in defense against predators, 

parasites, and infectious organisms, are produced or sequestered by a variety of 

invertebrate animals. Marine sponges, in particular, have proven to be a rich source of 

these compounds, and many of the compounds or derivatives of them are valuable 

pharmaceutically. Preliminary work suggested that freshwater sponges may also harbor 

cytotoxic/ such compounds. In order to examine this possibility, I extracted specimens 

two species of freshwater sponges, Ephydatia muelleri and Spongilla lacustris, with a 

range of solvents and tested for cytotoxic activity using a brine shrimp survival assay. I 

confirmed that freshwater sponges contain cytotoxic activity and also began a 

characterization of the molecule (or molecules) responsible for this activity using 

partitioning, silica gel chromatography, and ultrafiltration. My results suggest that the 

active molecules are relatively polar and have molecular masses of 3000 - 30,000 Da.
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Introduction

The sessile nature of a sponge’s existence has led it to develop unique ways to 

combat predation and invasion by parasitic organisms (Proksch et al 2003). For example, 

marine sponges are known to discourage predation and kill parasites by producing 

cytotoxic compounds (Braekman and Daloze 1986). These cytotoxic compounds not only 

protect the sponge, but also are known to have biomedical properties that are beneficial to 

humankind (Wright 1998). Examples of such beneficial compounds include two 

arabinose units, Ara-A and Ara-C, which functioned as the precursors to the first anti

viral compounds (Munro et al. 1994). The properties of these compounds are not just 

limited to anti-viral functions - Ara-C is also a potent anti-tumoral compound (Schmitz, 

1994), and compounds produced by the marine sponge S. domuncula exhibit anti

bacterial properties as well (Muller et al. 2004).

The vast majority of work in this field has centered on the activity of products 

extracted from marine sponges, however, little work has been conducted on freshwater 

sponges. Preliminary work was performed on cytotoxic, anti-bacterial and anti-fungal 

activity in the freshwater sponge species Eunapius fragilis, Ephydatia muelleri and 

Spongilla lacustris (Daehnke 2006). This study suggested that, while no anti-bacterial or 

antifungal properties were found, there was a possibility of cytotoxic activity directed 

against eukaryotic cells, as demonstrated by brine shrimp assays (Daehnke 2006). Based 

upon this previous examination and the prevalence of cytotoxic compounds in marine 

sponges, I tested for the presence of cytotoxic compounds in two freshwater sponge 

species, Ephydatia muelleri and Spongilla lacustris, using a modification of the brine 

shrimp toxicity assays performed by Meyer et al. (1982). Having confirmed the cytotoxic
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activity in these species, I then characterized the active molecule(s) using partitioning 

assays, silica gel chromatography, and ultrafiltration.

2



Materials and Methods

Collection

Samples of the freshwater sponge Ephydatia muelleri were collected in June and 

July of 2006 from Salmon Lake, Montana (latitude 47.095, longitude -113.402). The 

sponges were cut from submerged rocks using a small knife. The samples were then 

transferred to plastic resealable containers filled with lake water. These containers were 

then stored in a small cooler filled with lake water during transport to the lab. Samples of 

Spongilla lacustris, previously collected from Salmon Lake by Daehnke in 2005 and 

stored at -20°C, were also used in this study.

Identification

Species of sponge were identified on the basis of spicule morphology (Frost et al., 

2001). A small piece of sponge was placed on a slide and a 20% bleach solution was 

added to destroy the organic matter surrounding the spicules of the sponge skeleton. A 

coverslip was placed over the specimen and gently pushed onto the sample. The degraded 

sponge samples were then examined through a microscope in order to identify the 

morphology of the spicules present.

Storage

Sponge samples were stored at -20° C in small Ziploc bags after identification.

The samples retained cytotoxic activity for at least one year when stored this way.
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Extraction

The general extraction procedure involved placing ~8g of sponge in a chilled 

mortar and adding to it ~ 8 mL of solvent. The solvent and sponge were then ground 

together using a chilled pestle, and left to sit in a 4° C cold room for approximately 1 h. 

The contents of the mortar were then poured into a centrifugation tube and centrifuged at 

2987 xg for 4 min The supernatant was removed and saved as the first extract. The pellet 

was placed back into the mortar and ground with another 8 mL of solvent. This process 

was repeated a third time to produce three extracts, which were stored at 4° C in capped 

vials. Several variations of this protocol involving different solvents were used.

Partitioning

Partitioning was performed twice with slightly different protocols. In the first 

experiment, the sponge sample was first extracted twice with water. These extracts were 

pooled and placed in a separatory funnel with an equivalent volume of n-butanol. The 

sponge sample was then extracted a third time with methanol. This extract was used to 

determine if activity remained in the sample after the water extractions. In the second 

partitioning experiment, all extracts were performed with methanol to attempt to pull out 

more of the cytotoxic compound. All extracts were then run through a rotoevaporator to 

remove the methanol and brought to volume with water before addition to the separatory 

funnel. The funnel was shaken vigorously and left for approximately 24 h in a cold room 

at 4° C for the first partitioning experiment and for 2.5 h for the second.

In the first partitioning experiment, the layers that formed were separated by 

draining the first water layer from the bottom of the funnel and the n-butanol layer being
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removed via pipette. The solid layer that formed during the partitioning process was 

removed by centrifuging a sample of the partitioning mixture for 2 min at 2987 xg. The 

solid layer was then dissolved in methanol in order to be assayed. Also, due to 

similarities in appearance between the first water layer and the n-butanol layer, a sample 

of the crude partitioning mixture was also centrifuged for 2 min at 2987 xg in order to 

refine the separation between the n-butanol layer and water layers. The centrifuged 

sample formed two liquid layers with a solid layer in between. Both liquid layers were 

also assayed as they were “cleaner” versions of the n-butanol and water layers originally 

removed from the partitioning. After separation all liquid layers were concentrated by 

rotoevaporation.

In the second partitioning experiment, the aforementioned process was repeated, 

except only a direct removal of the water layer from the crude partitioning mixture was 

not attempted. The water layer examined for cytotoxic activity came from centrifuging a 

sample of the partitioning mixture for 2 min at 2987 xg to separate the n-butanol and 

water layers more effectively than using the separatory funnel.

Silica gel column chromatography

The polarity separation procedure performed was a modification of the procedure 

performed by Wright (1998). Three water extracts were prepared using a sample of E. 

muelleri, and performed in the manner described previously. The three samples were 

pooled and mixed with approximately 20 g of silica gel to form a slurry. A buchner 

funnel was fit onto the top of a side-arm flask. This side-arm flask was connected to a 

vacuum through another side-arm flask that functioned as an overflow flask. Inside the
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buchner funnel was placed a piece of filter paper cut to fit. The slurry was placed into the 

buchner funnel above the filter paper.

A step gradient of ten solvents was used to flush out compounds trapped in the 

slurry based upon their polarity. A quantity of 20 mL of each solvent was flushed through 

the slurry in succession and a new collection flask was used every time a new solvent was 

flushed through the slurry. The fractions collected were then run through a rotoevaporator 

until the fraction volume had been reduced by approximately half to concentrate them. 

The fractions were then assayed for cytotoxic activity.

Ultrafiltration

Three methanol extracts were prepared pooled before filtration. First, 25 mL of 

the pooled extract were pushed through 1.2 pm filters (Pall Scientific) using a syringe to 

remove large debris. A sample of the pooled extracts was reserved for assaying. Next, the 

resultant filtrate was pushed through a 0.2 pm filter (Pall Scientfic) in order to further 

refine the filtrate. A 900 pL sample of the resultant filtrate was reserved for assaying.

The filtrate was then pushed through Amicon YM-100, (Millipore, 100,000 

nominal molecular weight limit (NMWL)) filters using a Swinnex filtration unit. A 900 

pL sample of the resultant filtrate was saved for assaying. The remaining filtrate was then 

moved through Amicon YM-30, (Millipore, 30,000 NMWL) filters. Once again, a 900 

pL sample was reserved. Finally the remaining filtrate was passed through Amicon YM- 

3, (Millipore, 3,000 NMWL) filter and the resultant filtrate was reserved for assaying.
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Brine shrimp survival assay

The brine shrimp survival assay used in this study was a modification of the 

method described by Meyer et al. (1982). Either 40 pL or 400 pL of extract were added 

to the beakers designated experimental. A corresponding volume of solvent was added to 

control beakers. All assays were performed in duplicate. One set of assay beakers 

consisted of two experimentals (one 30 mL and one 50 mL beaker) and two control 

beakers (one 30 mL and one 50 mL beaker) (the capacity of the beaker did not affect the 

survival rate of the brine shrimp). Before assaying the beakers were left for 24-48 h at 4° 

C to allow the solvent to evaporate.

Shrimp were hatched in a 1% NaCl solution in a IL beaker at 26° C while being 

continuously aerated. The shrimp were allowed to mature for 36 hours in order to allow 

them to move past instar I of their development, but not past instar IV. This is the period 

of brine shrimp development during which the shrimp are best used for cytotoxicity 

assays (Sleet and Brendel, 2005). Ten shrimp larvae were placed into each assay beaker 

along with 5 mL of 1% NaCl solution.

Beakers were covered with plastic lids to reduce evaporation and incubated in a 

26° C water bath for 24 h. The assays were read by examining the beaker under a 

microscope and counting the number of live shrimp larvae. Larvae were determined to be 

alive if they moved any appendage during 3-5 s of observation. The percent surviving 

was calculated and averaged between the duplicate beakers in order to give the final 

results for toxicity.
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Results

Experiment 1: Extraction in methanol and dichloromethane:methanol

The purpose behind experiment 1 was to confirm Daehnke’s (2006) preliminary

results and to determine an optimal solvent for extracting the cytotoxic compound. A 

sample of S. lacustris was extracted twice with methanol and and third time with a 1:1 

mix by volume of dichloromethane and methanol. The results of this experiment are 

summarized in the following table.

Table 1: Methanol and methanol/dichloromethane extractions of the sponge S. lacustris.

Tube________________________________________________ ______ Survival (%)*
Extract 1 (Methanol) Experimental (40 pL) 10%
Extract 1 (Methanol) Control (40 pL) 50%
Extract 2 (Methanol) Experimental (40 pL) 30%
Extract 2 (Methanol) Control (40 pL) 33%
Extract 3 (Dichloromethane:Methanol) Experimental (40 pL) 50%
Extract 3 (Dichloromethane:Methanol) Control (40 pL) 25%
Extract 1 (Methanol) Experimental (400 pL) 0%
Extract 1 (Methanol) Control (400 pL) 40%
Extract 2 (Methanol) Experimental (400 pL) 0%
Extract 2 (Methanol) Control (400 pL) 13%
Extract 3 (Dichloromethane:Methanol) Experimental (400 pL) 5%
Extract 3 (Dichloromethane:Methanol) Control (400 pL)_______________________50%
* Average of duplicate samples

The 40 pL samples produced contradictory results with the experimental sample from 

Extract 1, showing a smaller survival rate over the control beaker, while the experimental 

for Extract 3 showed a higher survival rate than the control.

However, in the case of the 400 pL samples there was a consistent difference 

between the controls and the experimental samples, with only an average 0-5 % survival 

rate in the experimental s compared to an average 13-50 % survival rate in the controls.
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Experiment 2: Extraction in water

The second experiment, also using a sample of S. lacustris, involved water as the 

first two extraction solvents and then methanol as the third. The purpose of this 

experiment was to determine if the cytotoxic compound preferentially moved into water

and was therefore water soluble.

Table 2: Water and methanol extractions of the sponge S. lacustris.

Tube______________________________________ Survival (%)*
Extract 1 (Water) Experimental (40 pL) 67%
Extract 1 (Water) Control (40 pL) 86%
Extract 2 (Water) Experimental (40 pL) 56%
Extract 2 (Water) Control (40 pL) 85%
Extract 3 (Methanol) Experimental (40 pL) 55%
Extract 3 (Methanol) Control (40 pL) 68%
Extract 1 (Water) Experimental (400 pL) 5%
Extract 1 (Water) Control (400 pL) 75%
Extract 2 (Water) Experimental (400 pL) 10%
Extract 2 (Water) Control (400 pL) 63%
Extract 3 (Methanol) Experimental (400 pL) 15%
Extract 3 (Methanol) Control (400 pL) 71%
’Average of duplicate samples.

As in the first experiment, little could be determined from the 40 pL samples. However, 

the 400 pL samples showed a notable difference between the experimental beakers (5 

and 10 % survival) and the control beakers (63 and 75 % survival) for Extracts 1 and 2. 

The 15 % survival rate for the experimental beaker in the third extract as compared to the 

71 % survival rate in the control indicates that the compound was present in the solution

to be tested.
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Experiment 3: Extraction in ether

This experiment was performed using diethyl ether as the first and second solvent 

for extraction and methanol as the third. The experiment, using S. lacustris, was 

designed to determine if the compound would move into diethyl ether and thereby give 

an indication of its relative polarity.

Table 3: Ether and methanol extractions of the sponge S. lacustris.

Tube_________________________________________________________ - Survival (%)*
Extract 1 (Ether) Experimental (40 pL) 77%
Extract 1 (Ether) Control (40 pL) 86%
Extract 2 (Ether) Experimental (40 pL) 77%
Extract 2 (Ether) Control (40 pL) 84%
Extract 3 (Methanol) Experimental (40 pL) 74%
Extract 3 (Methanol) Control (40 pL) 100%
Extract 1 (Ether) Experimental (400 pL) 35%
Extract 1 (Ether) Control (400 pL) 80%
Extract 2 (Ether) Experimental (400 pL) 90%
Extract 2 (Ether) Control (400 pL) 86%
Extract 3 (Methanol) Experimental (400 pL) 5%
Extract 3 (Methanol) Control (400 pL) 95%
♦Average of duplicate samples.

Once again, it is the 400 pL samples that give the most pertinent information. Extract 1 

appears to have some activity (35% vs. 80%), while Extract 2 has little difference 

between the control and experimental samples (86% vs. 90%). The third extract for the 

400 pL samples had a 5% survival for the experimental beaker and 95% survival for the

control beaker.
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Experiments 4 and 5: Partitioning between polar and nonpolar solvents

The purpose of these experiments, in which samples of E. muelleri were

extracted, was to examine whether the cytotoxic compound preferentially moved into 

water or butanol in order to determine more about the relative polarity of the compound. 

Table 4: Partitioning between water and n-butanol: experiment 4.

Tube Survival (%)*
Pooled Water Extracts (400 pL) 0%
Water Control (400 pL) 86%
Butanol Partition (400 pL) 58%
Butanol Control (400 pL) 65%
Water Partition 1 (400 pL)a 75%
Water Control (Partition 1) (400 pL) 81%
Water Partition 2 (400 pL)b 9%
Water Control (Partition 2) (400 pL) 89%
Debris Sample (in Methanol) (400 pL) 69%
Debris Control (Methanol) (400 pL) 65%
Methanol Extract (400 pL) 20%
Methanol Control (400 pL) 91%
aSample collected from separatory funnel
Sample taken from centrifugation tube 

*Average of duplicate samples.

The difference between the control and experimental beakers is not very pronounced 

except for the second water sample and the methanol positive control, as can be seen in 

the preceding table. This prompted the repeat of this experiment as these results did not 

coincide with the results of previous assays, in which noticeable activity was observed in 

the water extracts. The following results were obtained from this second partitioning 

experiment.
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Table 5: Partitioning between water and n-butanol: experiment 2.

Tube _____________________________________________________ Survival (%)*
Pooled Methanol Extracts (400 pL) 0%
Methanol Control (400 pL) 74%
Butanol Partition (400 pL) 5%
Butanol Control (400 pL) 46%
Water Partition (400 pL) 10%
Water Control (400 pL) 77%
Debris Sample (Methanol) (400 pL) 53%
Debris Control (Methanol) (400 pL)_____________________________________ 65%
♦Average of duplicate samples.

In this experiment the difference between the control and experimental beakers for the 

water and n-butanol partitions was noticeable, while the debris experimental beakers 

were little different from the control beakers in either assay.
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Experiment 6: Silica gel chromatography

This experiment used extracts prepared from samples of E. muelleri. Its purpose 

was to attempt to further characterize the polarity of the molecule(s) being examined. The 

data gathered from this process is depicted in the following table.

Table 6: Silica gel chromatography

Tube_________________________________ Survival (%)*________
100% Hexanes Fraction 73
100% Hexanes Control 85
20% Ethyl Acetate / 80% Hexanes Fraction 86
20% Ethyl Acetate / 80% Hexanes Control 90
40% Ethyl Acetate / 60% Hexanes Fraction 95
40% Ethyl Acetate / 60% Hexanes Control 96
60% Ethyl Acetate / 40% Hexanes Fraction 64
60% Ethyl Acetate / 40% Hexanes Control 90
80% Ethyl Acetate / 20% Hexanes Fraction 94.5
80% Ethyl Acetate / 20% Hexanes Control 89
100% Ethyl Acetate Fraction 95
100% Ethyl Acetate Control 100
25% Methanol 175% Ethyl Acetate Fraction 91.5
25% Methanol / 75% Ethyl Acetate Control 89
50% Methanol 150% Ethyl Acetate Fraction 100
50% Methanol 150% Ethyl Acetate Control 100
100% Methanol Fraction 96
100% Methanol Control 96
100% Water F raction 100
100% Water Control____________________________________ 95.5
♦Average of duplicate samples.

Only 400 pL samples were used for each individual assay beaker. The control solvent 

used was simply a 400 pL sample of the solvent mixture used to obtain the experimental

fraction.

There appears to be little difference between the experimental and control beakers 

in this experiment. Only the 60% ethyl acetate / 40% hexanes fraction shows a larger 

difference between the experimental beaker (90%) and the control beaker (64%).
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Ultrafiltration

This experiment, using extractes prepared from E. muelleri, involved the samples 

collected from the ultrafiltration process. The purpose of this experiment was to develop 

a size range for the cytotoxic compound under examination.

Table 7: Ultrafiltration.

Tube_____________________________________________________ Survival (%)*
Pooled Extract 9%
Filtrate after 1.2 pm & 0.2 pm filters 0%
Filtrate after 100,000 NMWL filter 15%
Filtrate after 30,000 NMWL filter 0%
Filtrate after 3,000 NMWL filter 42%
Control  54%
*Average of duplicate samples.

All extracts before the 3,000 NMWL filter had low survival rates compared to the 

control, which is indicative of the presence of the cytotoxic compound. This means that 

the cytotoxic compound is most likely at least less than 30,000 NMWL. The filtrate that 

is less than 3,000 NMWL produced more ambiguous results with a 42% average survival 

rate versus a 54% average survival rate for the control, corresponding to a potential 

absence of the cytotoxic compound in the 3,000 NMWL filtrate.
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Discussion

Work performed by Daehnke (2006) shows a steady decrease in brine shrimp 

survival rates for S. lacustris and E. muelleri over time in methanol extracts, indicating 

the possibility of cytotoxic activity in freshwater sponge species. My results concerning

methanol extracts from .S', lacustris and E. muelleri show a noticeable decrease in brine

shrimp survival rates, thus confirming Daehnke’s preliminary results and indicating that 

freshwater sponges must possess at least one cytotoxic compound. However, while both 

species possess cytotoxic activity, it remains to be determined whether the both species 

contain the same active compounds.

Examinations of cytotoxic compounds in marine sponges have revealed families 

of compounds that share similar characteristics and exist across sponge species, such as 

the manzamine family of compounds (Higa et al. 2001) or the polyacridine alkaloids 

(Wright 1998). Based upon this knowledge, data collected from assays on both S.

lacustris and E. muelleri were combined to derive conclusions about the nature of the

unknown compound(s).

Throughout the course of this research project it was found that the 40 pL samples 

gave little information as to the relative survival rates of brine shrimp in the majority of 

the extracts. Therefore, only the 400 pL extracts were used for information on the nature 

of the unknown compound. As can be seen in Tables 1 and 2, the compound in question 

is polar as it moves into both methanol and water with ease. This is a possible 

explanation of the decrease in survivability in both the water and methanol 400 pL 

extracts. The ether assays (Table 3) show conflicting results between Extracts 1 and 2. 

However, the methanol sample showed a distinct difference in the survival rate of the
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brine shrimp between the control and experimental samples. This suggests that the 

cytotoxic compound present is quite polar as it does not move into the moderately polar

ether solvent with relative ease.

The purpose of the partitioning assays was to determine the relative polarity of the 

extracted compound. Table 4 shows the data from the first partitioning assay performed. 

Here it would appear that the compound is soluble in water based upon the second water 

partition extract, although the data exhibited in the first water partition extract appear to 

contradict this, leaving the result ambiguous. The second partitioning attempt depicted in 

Table 5 gives cleaner results, and yet they show that the compound can move into both n-

butanol and water as is seen in the low survival rates in both the n-butanol and water

experimental samples. The results of both of these partitioning assays suggest that while 

the compound may be polar, since it moves into water, it may only be moderately polar 

as it can also partition into the organic solvent n-butanol. These results also could 

indicate that more than one cytotoxic compound is active in these extracts, at least one 

that preferentially moves into water and at least one other that moves into n-butanol.

The silica gel chromatography experiment attempted to further resolve the 

polarity of the molecule under examination. However, the data obtained from this 

experiment showed little-moderate cytotoxic activity in the fractions. Based upon other 

experiments, it is clear that the compound was present in the initial extract from the 

sponge. This lack of activity in the assay is consistent with the idea that the compound 

adhered so strongly to the silica gel that it could not be removed by any of the solvents 

used. This is not an uncommon occurrence for highly polar molecules, further indicating 

that the cytotoxic molecule may be polar (Shimizu 1998).
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Based upon the aforementioned data, it can be asserted that the compound in 

question may be at least moderately polar in nature. This is in line with previous findings 

concerning marine sponges, as many of the natural products isolated from marine 

sponges can possess both heavily polar and heavily nonpolar regions (Proksch et al.

2003, Wright 1998).

The final examination of the unknown compound involved an attempt to develop 

an approximate range of its molecular mass. Activity was found in samples comprised of 

compounds less than 30,000 NMWL. The survival rate found using an extract comprised 

of compounds less than 3,000 NMWL was not much different from the control. This may 

indicate that the cytotoxic compound under study most likely has a molecular mass in the 

range of 3,000-30,000 NMWL. These findings suggest that the unknown cytotoxic 

compound could be a small polyamine. Many marine sponges also contain bioactive 

polyamines in the range of 1,000 to 25,000 NMWL, so my findings are well in line with 

previous research conducted upon them (Wright 1998). In fact, these polyamines are 

known to be difficult to isolate which may help explain the ambiguous results found in 

the partitioning assay as well as the apparent trapping of the molecule in the silica gel 

slurry during the polarity separation process (Wright 1998).

In summary, it would appear that cytotoxic compounds are indeed produced by 

freshwater sponges. The cytotoxic compound appears to be a polar molecule. However, 

in order to determine its exact nature, subsequent studies need to be undertaken. Possible 

avenues for this further research could be to take advantage of gel-chromatography 

techniques for refined molecular weight separations of the molecular components of the
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sponges S. lacustris and E. muelleri, and to repeat the polarity separation assay using a 

less polar solid to hold the initial sponge extract during the fractionation process.
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