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Abstract 
For evaluating pollution impacts on aquatic ecosystems there is a need to establish early-

warning signals (biomarkers) using bioindicator organisms. Some studies suggested that rodlet cells 
(RCs) changes in fish can be used as pollution biomarkers. Looking for supporting evidence, we 
quantitatively estimate the RCs amounts in liver, as well as general fish health indicators - the 
condition factor (CF) and hepato-somatic index (HSI) – in 136 barbell, caught at three locations 
(reference site and two sites – A and B – suspected to be under pollution impact) from the River 
Bregalnica. Fishes from site A showed significantly lower values for CF and HSI when compared with 
the other two locations, and highest average amount of RCs. Both the relative and total volumes of 
RCs significantly differed from those found at site B (p<0.05), but either site A or B was not statistically 
different from the reference site. Lower indices of condition (CF and HSI) at polluted localities were 
only partially associated with higher liver RCs counts. The present data indicated that RCs were a 
non-efficient bio-monitoring tool. However, further evaluation of these cells as potential biomarkers are 
necessary, as its behaviour may depend on the type of pollutants. Also, RCs exist in diverse organs 
and organ-specific responses can thus occur. 
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Introduction 
 

Pollution of the aquatic surface waters with man-made substances has been observed 
throughout the world and has the potential to induce serious harm in wild organisms, to impair their 
health, condition, reproduction or its habitats (Bresler et al., 1999). In order to evaluate or to predict 
the pollution impact on the aquatic ecosystems, thereby on aquatic organisms, there is increased 
need of establishing early-warming signals (biomarkers) using bioindicator organisms (i.e., a 
biomarker approach). A suite of biomarkers can be used at the various levels of biological organization 
(Adams and Greeley, 2000). Among others, biomarkers at the individual organism level and 
cytological-histological level of organization represent rapid and economically worthwhile methods. 

At the individual organism level, measures of condition factor and various organo-somatic 
indices (liver-somatic index, etc.) have proven to be good representative indices of overall organism 
health (Goede and Barton, 1990). These quantitative fish health indicators have been widely used and 
discussed in the literature. Although they are not diagnostic tools, they are nevertheless very useful as 
indicators of trends in fish condition (Gearheardt et al., 1988).  

In addition to general condition indices, other non-specific biomarkers have been used to 
demonstrate the general effects of natural and anthropogenic stressors on fish organism (Blazer et al., 
1997; Agius and Roberts, 2003; Adams et al., 2003), especially applicable when looking for integrated 
effects on individual fish health (Thilakaratne et al., 2007). In recent years, there is increased evidence 
that Rodlet cells are included in the fish immune system, as a part of un-specific second line of 
defence (Reite, 1997; Dezfuli et al., 2000; Leino, 2001; Kramer et al., 2005). Although the function of 
these intricate cells still remains unsolved, many data address on involvement of RCs in stress alarm 
response on different stress conditions. 

An increased number of these cells in different tissues of teleosts have been recorded in 
relation to exposure to heavy metals (Giari et al., 2007, 2008), herbicides (Dezfuli et al., 2003; Manera 
and Dezfuli, 2004), parasitic infestations (Reite, 1997, 2005; Dezfuli et al., 2000), physical, mechanical 
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and chemical injuries (Manera and Dezfuli, 2004; Giari et al., 2006). These alterations in the number 
of the RCs support the hypothesis of their role in host defence, and contribute to their use as useful 
biomarkers of environmental pollution. Moreover, some authors consider the use of RCs changes as 
useful biomarkers of exposure to stressors or as a stress response, based on their occurrence in fish 
following osmotic challenges (Giari et al., 2006), variation of season (Leino, 2001), overcrowding 
(Poltronieri et al., 2009). But, considering that several endogenous factors can also evoke RCs 
responses (Rocha et al., 1994; Koponen and Myers, 2000; Figueiredo-Fernandes et al., 2006; 
Jordanova et al., 2007), as well as the lack of specificity of the response, studying RCs could be a 
reliable method for the assessment of the fish health status especially when in association with other 
known biomarkers (Manera and Dezfuli, 2004). 

Pollution problems are occurring in Macedonian water bodies. Surface water quality is below 
regulation standards in the major rivers, including River Bregalnica - the biggest left tributary of the 
river Vardar, principal source of water for human consumption (e.g., in the city of Stip), agricultural 
irrigation and also a source of fish for local consumption (Alderton et al., 2005). Beside all this, the 
health status of the fishes in this river has never been examined. This work is a first attempt to study 
the influence of environmental contamination on fish health using Barbus peloponnesius as a target 
fish and to establish baseline information and a strategy for helping biomonitoring the river using fish.  

For this purpose, fish responses at two levels of biological organization were evaluated with 
particular attention to RCs and their potential use as biomarkers. Thus, the main objectives of this 
study were: 1) to evaluate the overall organism health via CF and HSI, as biomarkers at the organism 
level of organization; and 2) to establish the presence and alterations in RCs occurrence in the liver of 
the B. peloponnesius, as biomarkers at the cytology/histology level. In such way, the results from this 
preliminary study will contribute in evaluating the usefulness of the selected histological biomarkers, 
evaluating their usefulness for introduction in a future and larger biomonitoring study in Macedonia 
and Portugal.  
 
Materials and methods 
 

The fish used in this study is the barbell (Barbus peloponnesius), a typical benthophagous fish 
that colonize special regions of the river. A total of 136 barbells were collected by electrofishing from 
October 2007 until March 2008, on 3 sampling spots along the river: first spot - reference site, is near 
the town Berovo, the first upstream site in which barbells can be found; the second located in the 
middle part of the Bregalnica River - site A (near Kocani) – suspected to be on strong pollution from 
aquaculture and mining; and the third sampling spot – site B (near the sity of Stip), under both sewage 
and household water influences. 

After captured, the fish were held in aerated containers until processed. The animals were 
killed with a blow to the head, weighted and measured. Condition factor (CF) was calculated as:  

CF = somatic weight x 100 / fork length3.  
Fish were dissected afterwards. Tthe liver was removed, weighed, fixed in Bouin’s fixative for 

48 h, routinely processed to paraffin, sectioned at 5 µm thin sections and stained with haematoxyline – 
eosin (H&E). Hepatosomatic indices (HSI) were calculated with the following formula:  

HSI = somatic weight x 100 / liver weight. 
 Five randomly selected liver sections were analyzed (final magnification: 400 x) with standard 
stereological point counting techniques (Feere and Weibel, 1967), and according detailed protocols 
applied to other fish (Jordanova et al., 2007). Following such techniques, the relative volume of the 
RCs in the liver (expressed as %) was computed according to the formula:  
 Vv (structure, reference) = [P(s) x 100] / P (r) 
where VV (structure, reference) is the percentage of the total volume of a reference space occupied by 
structure of an interest within that space, P(s) is the total number of points falling over the structure of 
an interest (RCs), and P(r) is the total number of points falling over the reference space that contains 
it; in our case all the liver tissue. From this calculations and the liver weight (LW), the absolute volume 
of the RCs expressed in mm3 was estimated:  
 V (structure) = VV  (structure, reference) x LW 
 All results are presented as mean values accompanied by the coefficient of variation 
(CV=SD/Mean). Statistical analysis was performed using Statistica 6.0 for Windows. Normality and 
homogeneity of variance of the data sets were first checked by the Levene’s test. Whenever data 
distribution was normal, the differences between groups were evaluated by using one-way ANOVA, 
followed by the Tukey test whenever the ANOVA revealed differences. When we got no homogeneity 
of variance non-parametric Mann-Whitney U test was applied. Differences were considered significant 
when p < 0.05. 
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Results and Discussion 
 
 The aim of the present pilot study was to evaluate RCs values as biomarkers of environmental 
pollution. For this aim, the RCs amount in the liver of barbell, collected from a reference site and two 
locations suspected to be under pollution impact, were investigated. In addition to quantitative 
estimation of RCs amount, general fish health indicators were also included. The data obtained from 
the general morphometric measurements of the fish weight, length and condition factor are presented 
in Table 1. Small but significant differences were seen in the mean total length of barbell captured at 
site A compared with referent site. The CF of animals caught at site A and site B was significant lower 
compared with referent site. A significant difference was also observed between fish caught at site A 
and those at site B. The CF values in examined fish indicated lower condition of the fish at site A and 
B, compared with the reference. The data are in agreement with other field studies in which decrease 
of the condition factor was identified in fish from polluted areas (Eastwood and Couture, 2002; Hinck 
et al., 2007; Carrola et al., 2009). The reduced fish size and condition in wild population can also occur 
in response to many environmental variance, for example water temperature, food availability and 
many other factors (Swansburg et al., 2002, van der Oost et al., 2003). 
 

Table 1. Body weight (BW), total length (TL) and condition factor (CF) of the barbell1 sampled at 
the reference site and two sites (A and B) suspected to be under pollution impact* 

    
Parameters  BW (g)  TL (cm)  CF (%) 
       
Reference site  23,19 (0,51)  12,55 (0,16)a  1,34 (0,13)a

       
Site A  28,46 (0,72)  14,43 (0,19)b  1,05 (0,14)b

       
Site B  25,00 (0,64)  13,26 (0,19)ab  1,19 (0,11)c

           
1 Values are expressed as: mean (coefficient of variation). 
*Lower case subscript letters represent differences among sampling sites. Values with 
different letters are significantly different (p < 0.05), according to the post-hoc Tukey test. 
 
 
 

Table 2. Hepato-somatic indices (HSI), relative volume (VV ) and total volume (V) of the rodlet 
cells (RCs) in the liver of the barbell1 sampled at the reference site and two sites (A and B) 

suspected to be under pollution impact 
   
Parameters  HSI %  Vv (RCs/L) %  Vliver (RCs) mm3  
       
Reference site  2,33 (0,25)a  0,03 (1,25)ab  0,01 (1,42)ab 

       
Site A  1,63 (0,20)b  0,09 (1,24)a  0,03 (1,07)a 

       
Site B  2,16 (0,38)a  0,03 (2,12)b  0,02 (3,03)b 

             
1 Values are expressed as: mean (coefficient of variation). 
*Lower case subscript letters represent differences among sampling sites. Values with 
different letters are significantly different (p < 0.05), according to the Mann-Whitney U test. 
 

 
  The organ specific metrics: hepato-somatic index, relative and absolute volumes of the RCs 
are summarised in Table 2. In our investigations, values for HSI obtained for all fishes show 
fluctuations similar as CF. Namely, significant lowest value for HSI were recorded at site A when 
compared with both reference and B sites. The liver is important organ in detoxification, so it is 
expected that exposure to contaminants lead to changes in liver size (Goede and Barton, 1990). The 
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exposure on some kinds of pollutants can result in an increase of the HSI of fish, although exposure to 
other toxicants can have opposite effect, to reduce the HSI. Enlarged livers or increased HSI are 
reported in fishes exposed to several kinds of effluents and water-toxic substances (Billiard and Khan, 
2003; Hinck et al., 2006), or increasing rearing density (Papoutsoglou et al., 2006). Decreased liver 
size has been reported in various fish species after exposure to contaminants including metals 
(Adams et al., 1992; Lanno and Dixon, 1996), as well as feed deprivation (Shoemaker et al., 2003). 
These leads to suppose that HSI variations (increasing or decreasing), probably depends from the 
type of the pollution.  

In the liver of barbell, RCs were regularly present. They were noticed among epithelial cells of 
the bile ducts, perpendicular to the lumen, with the nucleus oriented towards the basal lamina (Fig. 1). 
This location of the RCs in the liver is also reported for some other fish species (Rocha et al., 1994; 
Dezfuli et al., 2000; Jordanova et al., 2007). Although the exact nature of RCs is still unknown, many 
authors favoured the hypothesis that they represent inflammatory cells, involved in host defence 
(Manera and Dezfuli, 2004; Reite and Evensen 2006). Increased counts of RCs after infection by 
parasites, and exposure to diverse chemicals and environmental stressors supported the hypothesis 
that RCs might be considered “stress- or toxicant-induced type of fish cell produced in response to 
sub-lethal environmental conditions (Dezfuli et al., 1998, 2003; Manera et al., 2001; Giari et al., 2007). 
These responses of RCs to chemical substances are promising evidence of the potential use of these 
cells as biomarkers of pollution.   

 
   

  
Fig. 1. Light micrographs of the liver from a barbell presenting stromal tracts with bile duct. Rodlet cells 

(arrows) are located among the epithelial cells of a bile duct. H&E. Bar = 20 µm 
 
 
Looking for supporting evidence, we quantitatively evaluated RCs in the liver of the wild 

barbell population. Mean values from stereological measurements of the RCs are presented in Table 
2. Similar patterns in the changes of relative and absolute volume of the RCs in the liver of barbell 
from the investigated localities were recorded. Namely, fish from site A also showed the highest 
average amount of RCs, being both the relative and total volumes of RCs significantly different from 
those found at site B. However, the amount of RCs in fish of either site A or B was not statistically 
different from the reference site. RCs exist in diverse organs and organ-specific responses can thus 
occur. Dezfuli et al. (2003) found that exposure of the fish to an herbicide provoked increasing in RCs 
number in bulbus arteriosus and gills, but not in kidney, liver and intestine. This suggests that maybe 
hepatic RCs are not good biomarker to assess pollution stress, at least in our case. On the other hand 
in addition to organ-specific responses, RCs behaviour may depend on the type of pollutants or 
stressors. Studies by Mazon et al (2006) showed that, in carp, the gills number of RCs increased after 
infection but did not change after stress, while in the kidney their number increased after stress and no 
significant changes were observed after infection. The noted increase in the RCs amount in our site A 
compared with site B could be result of different type of pollutions; from aquaculture and mining at site 
A versus sewage and household water at site B. However, although there are statistical studies 
showing an increase of these cells under the influence of quite different stressors, ranging from 
parasites, toxins, general tissue damage to adverse environmental influences (Manera and Dezfuli, 
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2004), other factors not connected with environmental pollution, as age, season and reproductive 
cycle, were also involved in RCs response (Manera and Dezfuli, 2004; Jordanova et al., 2007) 

From the presented results, it is apparent that the gross indicators are suggestive of pollution 
impacts at site A. The microscopy data, however, is only partially indicative of stress effects at site A, 
as so it was not able to clearly distinguish the reference from the site where gross indicators were 
poorer. Even if our data indicate that pollution may raise the RCs pool, its accumulation, at least in our 
context, resulted in a non-efficient bio-monitoring tool, due to its apparent insensitivity. However, this 
potential biomarker merits further scrutiny, as its behaviour may depend on the type of pollutants. 
Also, RCs exist in diverse organs and organ-specific responses can thus occur. Finally, from this study 
we suggest that RCs changes must not be viewed alone but rather as part of multi-biomarker 
approaches, a fact that we will further explore. 
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