EFFECTS OF CELL VOLUME ON ERYTHROCYTE CIRCULATION
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Introduction

Triploid fish provide a model to study the physiological importance of cell volume. Due to their extra nuclear material, triploid cells are larger than diploid cells; however, fish size is similar because of a reduced cell count in triploid tissues. The triploid cardiovascular system is particularly interesting because of the possible effects of cell volume on red blood cell circulation. Triploid red blood cells likely experience greater resistance compared to diploid cells passing through constrictive regions such as the microvasculature. However, it is possible that cellular compensations such as increased membrane deformability and reduced cytoplasmic viscosity allow for maintenance of a diploid-like resistance to triploid red blood cell passage.

The objective of this study was to investigate the effects of cell size on the passage of red blood cells through a restrictive area. The larger triploid red blood cells were expected to experience greater resistance compared to diploid cells which would be exhibited through a slower passage time and increased damage to red blood cells.

Methods

The passage of triploid brook trout (Salvelinus fontinalis) red blood cells through restrictive Nucleopore membranes was assessed by measuring the filtration time of 5ml blood samples and cell damage due to filtration. The Nucleopore membranes contained pores with an average diameter of 8 µm, compared to a diploid red blood cell major axis of approximately 10 µm and a slightly greater diameter of triploid red blood cells (Benfey, 1999). Cell damage was estimated by comparing haematocrit values, red blood cell counts, and the percent of irregular-shaped red blood cells before and after filtration. 

Results

[image: image1.wmf]Figure 1. Filtration time for 5 ml of diploid (2n) and triploid (3n) brook trout blood.
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The mean filtration times for diploid and triploid blood samples were 9.13 s (±1.72) and 3.80 s (±3.73), respectively (Figure 1). A Student’s t test showed these values to be significantly different (p < 0.05). This suggests that triploid 

red blood cells passing through a constrictive area experience greater resistance than diploid cells.

Estimates of change in haematocrit, red blood cell count, and percent irregular red blood cells revealed no 

significant trends in cell damage. The mean reduction in haematocrit was 3 % (±1) for both diploids and triploids. The mean percent reduction in red blood cell counts for diploids and triploids was 1.6 % (±9.1) and 2.2 % (±2.8) respectively. The mean percent increase in percent irregular red blood cells was 44 % (±18) and 46 % (±12) for diploids and triploids respectively. It is difficult to draw conclusions about cell damage due to the large amount of variability present in haematocrit, red blood cell count and irregular red blood cell measurements. 

Conclusions

The cardiovascular fitness of a fish depends upon the efficient circulation of blood to deliver oxygen to the metabolizing tissues. Results suggest that their larger size may affect the circulation of triploid red blood cells and thus the cardiovascular fitness of triploid fish. 

The slower passage of triploid blood through the microvasculature likely affects the oxygen delivery capacity of the blood. Past research has found the oxygen carrying capacity, as reflected by total blood haemoglobin concentration and haematocrit, of diploid and triploid fish to be similar (Benfey, 1999).  Thus a decrease in blood flow rate would impair oxygen delivery to metabolizing tissues in triploid fish. On the other hand, the slower passage of blood through the gills and capillaries may compensate for reduced oxygen diffusion rates into and out of triploid red blood cells due to their greater volume and subsequent reduced surface area to volume ratio. 

Longer filtration time for triploid red blood cells is a reflection of increased resistance to flow due to the larger triploid cell size. Increased vascular resistance exerts greater demands on the heart muscle, consequently increasing the metabolic demand of blood circulation. The resting oxygen consumption rate of triploid fish appears to be similar to that of diploid fish (Hyndman et al., 2003), therefore the increased metabolic investment required for circulation is likely at the expense of other basal processes. The negative impacts of high resistance to blood flow may be offset by increased plasma mixing, which is thought to facilitate oxygen and metabolite exchange, at the gills (Nilsson et al., 1995) and capillaries.

Though, under the observed conditions, clear differences between diploid and triploid red blood cell passage were demonstrated, this study has not considered the importance of the blood vessels to blood flow characteristics. 

Possibly the larger size of triploid red blood cells brings about a corresponding increase in blood vessel dimensions. Although blood vessel dimensions of triploid fish have yet to be measured, capillaries of triploid salamanders have been found to be of similar dimensions to those of diploids (Davison, 1959). This suggests a lack of compensation in triploids to accommodate for the circulation of their larger red blood cells. 

Further research on the passage of blood through diploid and triploid fish vasculature (both in vitro and in vivo) is necessary to investigate the ability of the vascular tissue to accommodate for larger triploid red blood cell size. 
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