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Introduction

The nucleolus is the product of the ribosomal RNA genes activity and consequently nucleolar physiological status is reflected in nucleolar morphology (Mélèse and Xue, 1995). Moreover, this subcellular domain within the nucleus plays key roles in cell growth, proliferation and aging (Scheer and Hock, 1999). Previous studies conducted on fish species stated that “variations in juvenile sizes depends on the functional activity of genomes” and found a direct proportionality between body mass and size and number of nucleoli per cell (Arkhipchuk, 1999). In addition, it was observed that the nuclear size of hepatocytes in starved fish is markedly reduced (Strussman and Takashima, 1990). In the present study we assess nucleolar characteristics, size and number, in gill and liver of juveniles of Odontesthes bonariensis submitted to a reduction in the feeding levels, in order to test the hypothesis that the functional activity of genomes is affected by environmental factors, as food availability, and that nucleolar characteristics can be useful as an indicator of the physiological status of the fish.

Materials and Methods

Experiments were performed using juveniles of O. bonariensis (Cuvier et Valenciennes, Pisces: Atherinidae). Fish were fed 1/2 the normal ration (2.5% body weight/d) for a period of 384h. Six individuals were randomly sampled at 6, 48, 192, 348h. Specific growth rate (SGR=(ln(W384)-ln(W0))/t]*100) was assessed for the whole studied period, and the condition index (k=[W/(SL)3]*105) evaluated at each sample time. Gill and liver of each sampled fish were dissected and fixed in methanol-acetic acid (3:1). Air-dried slides were prepared from nuclear suspension and then stained with AgNO3 according to Howell and Black (1980). Ten pictures per slide, containing a mean number of 6 nuclei, were acquired by a CCD-Iris color video camera on a light microscope using the 100X objective. The number of nucleoli per cell was counted directly from each image and the volume of each nucleolus was calculated using image analysis software. Nucleolar activity was assessed by the mean nuclear volume (MNV) and mean nucleoli number (MNN) per nucleus. Statistical differences between studied variables at each sampled time were assessed by One-way ANOVA followed by LSD post-hoc test, with a significant level of p<0.05. A conceptual model was developed in order to explain the time-dependent response observed in the MNV, and was fitted to experimental data using non-linear regression. Linear correlation was used to demonstrate relationships between nucleolar parameters and condition index of fish. All statistics were calculated using a suitable statistical software pack.

Results

The SGR was -2.85%/day and the average k significantly decreased from 0.89 to 0.75 during the assessed period. Both parameters demonstrate that fish lost weight during the trial and consequently they were fed under the normal requirements for the species. 

Of the studied nucleolar parameters (Figure 1), only the MNV was significantly affected after the reduction of the feeding level, showing an exponential decreasing with time, both in gill and liver. Conversely to MNV the MNN was not affected by the feeding regime and its values remained constant during all the trial in both tissues.
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The conceptual model developed to explain the observed changes in MNV was:

MNVt=[(A-R)/R*MNV0]*[1–exp(-m*t)]+MNV0
Where the MNV at specific time (t) is function of: i) the initial state of the parameter (MNV0), ii) the relationship between the basic daily food requirements (R) and the actual quantity of food delivered (A), and iii) the metabolic rate of the species at a given age (m). MNV experimental data was fitted accurately by the model, both in gill and liver. The maximum observed reduction of MNV was 47.3 and 57.1% in gill and liver respectively after 384h. These values are close to the 48.7 and 58.2% predicted by the model at infinite time, indicating that MNV at the end of the experiment was near to reach the equilibrium value in relation with the new feeding regime.


[image: image2]
The relationship between MNV and. k was demonstrated by the linear correlation model (Figure 2). Coefficient of determination (r2), indicate that 43 and 61% of the total variation observed, respectively, in gill and liver MNV was explained by the change in k.

Conclusions

· Nucleolar activity in the gill and liver of O bonariensis decreased in response to reduction in feeding level, demonstrating that functional activity of genomes is affected by environmental factors, and then these factors will then affect, for example, fish size.

· The mechanism involved in the functional response of genomes concerning nucleolar functions to nutritional status, seemed to be led by regulation in synthetic rate (decrease of MNV) more than by deactivation of nucleolar organizer regions (reduction of MNN).

· The response of the nucleolar activity observed in internal (liver) and external (gill) organs was comparable. In addition MNV correlate well with the condition factor of the fish. Consequently, MNV of external organs (eg. fin; Arkhipchuk, 1999) could be useful as a sensitive indicator of the general physiological status of the fish that can be assessed by means of an inexpensive and non destructive method which could be useful for aquaculture purposes in countries with scarce resources.
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Figure 2. Relationship between k and MNV in the gill (A) and liver (B) of O. bonariensis.





Figure 1. Time-response of nucleolar parameters, MNV (A, C) and MNN (B, D) in the gill (A, B) and liver (C, D) of O. bonariensis submitted to reduction in feeding levels. Grey line and equation in panel A and C: exponential model fitted to MNV experimental data. Grey lines panel B and D: connection lines between averages MNN. Grey and black empty circles: plot of individual and mean values respectively. Bars: standard error. Different letters indicate statistical differences (LSD, p<0.05)
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