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Abstract The effect of tributyltin (TBT) on the stability of 

hemocytic lysosome membranes of the mussel, Mytilus 

galloprovincialis, and the use thereof as a biomarker of TBT- 

induced stress, was investigated. Mussels were exposed  to 

0.1   and   1.0 lg/L   tributyltin   respectively   for   4 weeks. 

Lysosomal membrane stability of hemocytes was tested 

weekly by means of the neutral red retention time (NRRT) 

assay, after which the mussel samples were analyzed for 

TBT content. The two exposed groups exhibited sig- 

nificantly increased (p \ 0.05) whole body TBT concen- 

trations with concomitant significant decreases (p \ 0.05) in 

NRRT (R
2  

values of 0.85 and 0.971 for lower and higher 

exposure groups, respectively). The higher exposure group 

showed a typical dose–response curve. For the control, no 

TBT was detected and NRRT remained stable. It was con- 

cluded that the NRRT assay could be considered as a useful 

technique, and lysosomal membrane destabilization a useful 

early warning and cellular biomarker of stress due to TBT 

exposure in M. galloprovincialis. 
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Tributyltin (TBT) has been used widely in antifouling 

paints on vessels, and these paints are the main sources of 

organotins in coastal waters (Hoch 2001). Despite the ban 

on the usage of TBT in some countries, TBT contamination 

continues in the aquatic environment (Okoro et al. 2011; 

Furdek et al. 2012). Globally, relatively high contamination 

levels of organotin compounds have been found in aquatic 

environments, e.g. in coastal waters, sediments, oysters, 

snails and fish (Hung et al. 2001, Hsia and Liu 2003; Lee  

et al. 2005, 2006). Effects due to organotin exposure in- 

clude imposex in gastropods (Marshall and Rajkumar  

2003; Zhou et al. 2003), growth reduction in mussels 

(Salazar and Salazar 1991), larval mortality and immuno- 

logical dysfunction in fishes (Zhou et al.   2003). 

South Africa is positioned along a primary shipping 

route between Europe and the western hemisphere, the 

Middle East and Australia. Cape Town Harbour is 

renowned for its fish and deciduous fruit exports. It also 

provides infrastructural support to a global shipping in- 

dustry, such as serving as a transhipment logistics and re- 

pair base for large Asian fishing fleets (Transnet National 

Ports Authority 2010). Recent studies in Cape Town Har- 

bour reported on TBT concentrations and its bioavail- 

ability,   as  well   as  its   bioaccumulation   by  the mussel 

   Mytilus galloprovincialis (Fatoki et al. 2012; Okoro et    al. 
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2013). Very high TBT concentrations were measured in 

harbour waters and sediment, particularly near docking 

sites. This is of great concern, as it indicates a possible lack 

of legislation in some countries whose vessels frequent the 

Cape Town Harbour, or alternatively, poor law enforce- 

ment and non-compliance. There is generally a lack  of 

TBT data for Africa. The authors are aware of three other 

African studies, one on TBT in Tanzanian sediments 

(Sheikh et al. 2007) and two on TBT-induced imposex in 

marine gastropods (Marshall and Rajkumar 2003;    Lopes- 
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Dos-Santos et al. 2014). Only one of these studies focused 

on South African harbours (Marshall and Rajkumar 2003). 

Considering the significant results from the South African 

studies, and the general lack of data, it is clearly necessary 

to investigate TBT contamination and toxicity in the South 

African marine environment. 

Biomarkers are applied in order to examine a stress 

syndrome caused in organisms by accumulation of con- 

taminants in their tissues (Koukouzika and Dimitriadis 

2005), and to expand on knowledge on cause and effect 

regarding contaminant exposure. Various biological re- 

sponses can be used as biomarkers of contaminant-induced 

stress in invertebrates. One such biological response is the 

destabilization of the lysosomal membrane, caused by 

heavy metals and organic pollutants. The neutral red re- 

tention time (NRRT) assay is a useful technique to monitor 

this response. This technique may serve as an early warn- 

ing system because it can identify low levels of con- 

tamination shortly upon exposure (Svendsen and Weeks 

1995; Snyman et al. 2000). The NRRT assay has been used 

widely on hemocytic and digestive gland cell lysosomes of 

marine molluscs exposed to contaminants in the laboratory 

(Lowe and Pipe 1994; Lowe et al. 1995a, b) and in the field 

(Ringwood et al. 1998; Fernley et al.   2000). 

Mytilus galloprovincialis was chosen for this study be- 

cause it occurs commonly in Cape Town Harbour. The 

roles of TBT as a membrane-active toxicant on various 

organelles of M. galloprovincialis have been investigated 

(Pagliarani et al. 2006; Fiorini et al. 2012). The effects of 

metals and various organic pollutants on the lysosomal 

membrane of this species have been widely demonstrated 

by means of the NRRT assay (Dailianis et al. 2003; Da Ros 

et al. 2011; Yakan et al. 2011). However, there is no lit- 

erature available on the response of M. galloprovincialis to 

TBT using this assay. The only literature available for any 

mussel species is by Hagger et al. (2005), who used the 

NRRT assay to illustrate a decrease in cell membrane 

viability of M. edulis as a result of TBTO   exposure. 

The aim of this work was to determine the toxicity of TBT 

for the mussel M. galloprovincialis by investigating TBT 

bioaccumulation and the concomitant destabilization of he- 

mocytic lysosomal membranes over time. This is based on 

the knowledge that hemocytes of bivalves are targets for the 

toxic action of TBT (Gopalakrishnan et al. 2011). Ulti- 

mately, the aim was to assess the significance of this assay as 

a biomarker of stress resulting from exposure to TBT. 

 
 

Materials and Methods 
 

Black mussels (M. galloprovincialis) of equal size were 

collected from an uncontaminated Cape Peninsula site. 

Mussels were  maintained at  a temperature  of 15–17°C in 

20 L plastic containers, with clean, aerated seawater. They 

were randomly divided into three groups of 30 mussels 

each. Each group had three replicates of ten animals each. 

Group 1 represented the control and was not exposed to 

TBT. Group 2 was exposed to TBT at a concentration 

similar to the mean TBT concentration measured in sea- 

water in the Cape Town Harbour (0.1 lg/L) (Okoro et al. 

2013). Group 3 was exposed to a higher TBT concentration 

of 1.0 lg/L, to represent the high end of the concentration 

scale (as measured at the most polluted harbour sites). 

Immediately prior to commencement of the 4-week ex- 

periment, six individuals from each group were removed 

(two from each replicate) and used for neutral red retention 

time determination, as well as for subsequent TBT    analy- 

sis. For the latter, mussels were frozen and stored at -20°C 

until such time as sample preparation could be done. Upon 

commencement of the exposure experiment, the animals 

were fed with three drops of Microvet invertebrate filter 

food. After 2 h, the water was replaced with clean water, 

after which the test concentrations were  prepared.  TBT 

(96 %  purity)  was  sourced  from  Sigma-Aldrich,    USA. 

Firstly,   a   TBT   solution   of   1000 lg/L   was   prepared 

(0.001 g TBT in 1 L of water). Thereafter, the water of the 

low exposure group was spiked to a test concentration of 

1.1 lg/L (2 mL of 1000 lg/L TBT in 20 L of water) and 

the water of the high exposure group to a test concentration 

of 1.0 lg/L (20 mL of 1000 lg/L TBT in 20 L of water). 

Exposures were carried out for 4 weeks, and each week six 

animals from each group (two from each replicate    group) 

were removed for analysis. Throughout the experiment, 

animals were fed, the water was replaced and the fresh 

seawater spiked every 3  days. 

For the NRRT assay, a combination of the methods de- 

scribed by Snyman et al. (2000), Dailianis et al. (2003) and 

Dallas et al. (2013) was used. Hemolymph was drawn from 

the posterior adductor muscle into an equal volume of 

physiological saline and placed on a microscope slide. This 

was followed by the addition of an equal volume of freshly 

prepared neutral red working solution to each drop. Neutral 

red stock solution was prepared by dissolving 20 mg of dye 

in 1 mL of dimethyl sulphoxide (DMSO). The working 

solution was prepared by adding 10 lL of the stock solution 

to 2.5 mL of the physiological saline. The total numbers of 

hemocytes, as well as the total number of stained hemocytes 

were counted at 2-min intervals under a light microscope. 

After each observation, the slide was placed in a humidity 

chamber and then returned to the microscope after 2 min. 

The neutral red retention time was expressed as the time, in 

minutes, at which 50 % or more of the total number of 

hemocytes showed prominent leakage of the neutral red dye 

[stage 3 as described by Dailianis et al. (2003)]. 

At the end of the 4-week experiment, all frozen mussel 

specimens (whole bodies with shells removed) were    used 



1 3 

611 
 

 

 

for TBT analysis. The first extraction step of the analysis 

was based on the method described by Liscio et al. (2009). 

A subsample (0.5 g) of each whole mussel (without the 

shell) was placed in a 50 mL glass tube. A rehumidification 

step was carried out by adding 1 mL of methanol, followed 

by sonication for  10 min.  The  extracts  were  stored over- 

night  at  -20°C.  The  slurry  formed  was  further  extracted 

with 15 mL of methanol containing tropolone (0.005 %), 

sonicated for 20 min, and then shaken for 10 min. The 

slurry was filtered to remove water and concentrated on    a 
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water bath at 80°C, and then cleaned up as described by 

Okoro et al. (2012). The extracts were then derivatized by 

adding 1 mL of sodium acetate buffer and 1 mL of 1 % 

sodium tetraethylborate in methanol, followed by shaking 

for 10 min. The extracts were dried over anhydrous sodium 

sulphate. The final extract was purged to dryness using a 

gentle stream of nitrogen and reconstituted with 1 mL of 

hexane,  and  1 lL  of  this  extract  was  injected  into  a  gas 

chromatograph with flame photometric detector (GC-FPD) 

for analysis. To determine the recovery of TBT, freeze- 

dried certified reference material for mussel tissue [ERM 

CE 477, Institute for Reference Material and Measurement 

(IRMM), Geel, BE] was analyzed using the same    method 

described above. The mean recovery was 1.5 ± 0.19 mg/ 

kg (68.2 %). 

The results were statistically analyzed using SAS/STAT 

Software (Cary, NC, USA). Kruskal–Wallis one-way 

ANOVA on ranks was used to identify statistically sig- 

nificant differences between treatment groups and between 

exposure weeks. Tukey’s post hoc test was used to specify 

the locations of these differences. Pearson’s correlation 

was used to investigate the relationship between body TBT 

concentrations and NRRT for each  group. 

 
 

Results and Discussion 
 

The control group had no trace of TBT in their bodies 

throughout   the   experiment.   A    significant    increase 

(p \ 0.05) in TBT was observed for both exposed groups, 

weekly, over the entire experimental period (Fig. 1). TBT 

concentrations were also significantly higher in the 1.0 lg/ 

L exposure group at each consecutive week, compared to 

the other two groups (Fig.  1). 

The range of NRRT recorded agreed with the times 

recorded by Dailianis et al. (2003). Already at the end of 

week 1 of the experimental period, a significant  difference 

in NRRT (p \ 0.05) was found between the control and the 

two exposure groups (Fig. 2). For both exposure groups, a 

significant decrease in NRRT was found from week 0 to 

week  4  (Fig. 2).  In  the  1.0 lg/L  exposure  group,  NRRT 

decreased significantly at each consecutive week and these 

results delivered a typical dose–response  curve. 

Fig. 1  Mean (±SD) TBT concentrations (lg/g dry mass) in Mytilus 

galloprovincialis exposed to 0.1 and 1.0 lg/L TBT over 4 weeks 
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Fig. 2 Mean (±SD) neutral red retention times (minutes) of Mytilus 

galloprovincialis hemocytes over 4 weeks of exposure to   TBT 
 

 

Strong negative correlations were calculated between 

increasing body TBT loads and decreasing NRRT, for the 

two exposed groups (R
2  = 0.850 and 0.971 for the lower 

and higher exposure groups  respectively). 

The results clearly showed that TBT was bioaccumu- 

lated in the bodies of the exposed animals, as also found by 

other researchers for M. galloprovincialis (Nemanic et al. 

2002; Furdek et al. 2012). The bioaccumulation process 

was both dose and time dependent. The results also clearly 

showed that the bioaccumulated TBT had damaged lyso- 

somal membranes, through several possible modes of ac- 

tion, such as decreasing membrane polarity or interacting 

with membrane-bound enzyme complexes (Pagliarani et al. 

2006; Fiorini et al. 2012). The results also show that ex- 

posure concentration of TBT (and therefore also body TBT 

load) is an important factor influencing lysosomal mem- 

brane stability of M. galloprovincialis. This result was also 

demonstrated by Ringwood et al. (1998) and Snyman et al. 

(2000) for their respective mollusc species and pollutants. 

Furthermore, TBT exposure time is also an important 

contributing factor in lysosomal membrane destabilization. 

This result is in agreement with the results of Ringwood    

et al. (1998) and Snyman et al.   (2000). 
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Another possible contributing factor that may affect 

membrane integrity, namely general stress, is evidenced in 

the results of the control group: These mussels clearly 

experienced some mild stress due to the artificial envi- 

ronment, since NRRT decreased slightly, but not sig- 

nificantly, over the experimental period. Handling and 

captivity have been demonstrated as stress-inducing factors 

that may affect hemocytes of molluscs and arthropods 

(Jussila et al. 1997; Snyman et al. 2000). However, in the 

current study, all groups experienced equal levels of mild 

stress, thus the significantly higher TBT levels and shorter 

NRRT in the exposed groups can mainly be ascribed to 

TBT-induced stress. 

This study indicates that the lysosomal responses of 

hemocytes of this mussel could be considered a useful 

cellular biomarker of stress due to tributyltin exposure. It 

may also possibly serve as an early warning of TBT- 

induced stress, but this needs further investigation. How- 

ever, it must be emphasized that this is a general biomarker 

of contaminant-induced stress, and not specifically of TBT 

exposure. For this reason an investigation into mixture 

toxicity of various harbour contaminants is needed. Further 

research into TBT toxicity at the lower concentrations is 

also needed, as well as a field validation study, in order to 

explore the usefulness of this biomarker in   situ. 

Finally, considering the present results and the known 

deleterious effects of TBT on molluscan growth, gonadal 

development, sexual maturation and gametogenesis (Sala- 

zar and Salazar 1991; Marshall and Rajkumar 2003; Siah  

et al. 2003; Inoue et al. 2006), it can be speculated that 

mussels (and other mollusc species) living in the Cape 

Town Harbour, particularly those at the most contaminated 

sites, possibly experience endocrine disruption, compro- 

mised immune systems and retarded growth, among other 

effects. Also considering that TBT has been shown to cause 

declines in mollusc populations and thus affect molluscan 

community composition (Roach and Wilson 2009), there is 

great concern for the future survival of the endemic mol- 

lusc species in Cape Town Harbour and the Cape Peninsula 

in general. No historical population data exists for these 

species in the harbour but given the consistently increasing 

traffic in the harbour it is highly probable that populations 

have already declined in recent years. In order to investi- 

gate the  current  health  of  mussels  and  other  molluscs  

in situ, a field study will be undertaken in the harbour, 

where a suite of biomarkers will be used, including lyso- 

somal membrane destabilization, together with other rele- 

vant toxicological endpoints. 
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