
Closing Report- Oxygen Binding Properties of Sandbar Shark Blood  
In March 2006 I received a Faculty Research Grant for a project titled,"Oxygen Binding 
Properties of Sandbar Shark Blood,".  This was a continuation of research begun two years 
previously on characterizing the function of sandbar shark blood, with particular emphasis on its 
ability to help the shark recover from the stress of capture and release.  For all intents and 
purposes this phase of the study is now completed.  A manuscript titled “Effects of anaerobic 
exercise accompanying catch-and-release fishing on the blood-oxygen affinity of the sandbar 
shark (Carcharhinus plumbeus, Nardo) co-authored by Richard Brill, two undergraduate 
researchers from IUSB (Rebecca Seifert Megan Galvin) and one from Pomona College in 
California (Stuart Schroff) has been accepted for publication in the Journal of Experimental 
Marine Biology (see attached).  Further, a presentation based on this work was made at the 
International Biology of Fish Congress in Newfoundland in July 2006. 
     Although the original properties of the blood have been characterized, we made a surprising 
discovery in regards to how red cells manage to function under conditions where the blood is 
highly acidic.  This often occurs as a result of a strenuous bout of anaerobic exercise which 
accompanies a prolonged fight during hook and line capture.  While we tried to pursue some of 
the mechanisms that might be involved in the cells unusual compensatory response we were 
unable to come to a satisfactory answer.  Fortunately our good friend and colleague, Dr. Cheryl 
Watson, is also interested in this issue and she is going to be joining us in Wachapreague 
mid-August to see if she can apply her cellular expertise to help us explain our interesting, but 
strange results.   
     At present we have no plans to pursue this particular line of inquiry any further.  Instead 
we have turned our attentions to the pump (i.e. the heart) that drives the blood around the circuit.  
With the help of two undergraduates from the University of Copenhagen we have begun to get 
an idea of how well sandbar shark hearts function under different conditions, since little is 
known about how shark hearts function, in general.  As usual, answers to two or three specific 
questions have spawned even more questions, some of which we hope to pursue in the coming 
summer.  
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Table 1. Blood parameters (mean ± SEM) in control and exercise-stressed sandbar sharks sampled 1 

by caudal puncture. Fractional changes are shown only where there are significant differences. 2 

    3 

 Control sharks Exercise-stressed % change 

hematocrit (%) 17.7 ± 0.4 (n = 28) 21.4 ± 0.5 (n = 24)* 20.9 

hemoglobin (g l-1) 40.1 ± 1.1 (n = 25) 44.0 ± 1.0 (n = 24)* 9.7 

mean cell hemoglobin concentration (g l-1) 228 ± 2 (n = 25) 206 ± 3 (n = 24)* -9.6 

red cell count 103 (cells μl-1) 402 ± 18 (n = 10) 444 ± 24 (n = 10)  

red cell volume (fl)  406 ± 15 (n = 10) 521 ± 14 (n = 10)* 28.3 

red cell NTP (mM l RBC-1) 568 ± 22 (n = 16) 484 ± 22 (n = 26)* -14.8 

1Hill number 2.4 ± 0.4 (n = 20) 2.4 ± 0.4 (n = 22)  

2plasma [HCO3]- (mM l-1) 4.0 ± 0.3 (n = 12) 3.3 ± 0.2 (n = 9)  

plasma lactate (mg l-1) 27 ± 5 (n = 10) 349 ± 57 (n = 10)*† 1192 

plasma urea (g l-1) 24.2 ± 0.4 (n = 10) 24.8 ± 0.6 (n = 14)  

plasma protein (g l-1) 57.9 ± 1.0 (n = 11) 67.0 ± 2.2 (n = 11)*† 15.7 

plasma sodium (mM l-1)   257 ± 6 (n = 11) 278 ± 4 (n = 16)*† 8.2 

plasma potassium (mM l-1) 5.3 ± 0.2 (n = 11) 4.6 ± 0.2 (n = 16)* 13.2 

plasma chloride (mM l-1) 210 ± 2 (n = 11) 216 ± 2 (n = 16)  

glucose (mM l-1) 550 ± 24 (n = 11) 553 ± 20 (n = 16)  

ionized calcium (mM l-1) 1.8 ± 0.2 (n = 11) 2.2 ± 0.1 (n = 13)*† 22.2 
 4 

Table 1 (continued). 5 

*Significant differences between control and exercise-stressed sharks. 6 
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†Data not normally distributed. 1 

1We found no significant difference in Hill numbers in control shark blood exposed to 0.20 kPa or 2 

0.37 kPa PCO2 , therefore data were combined. 3 

2Data have not been corrected for the nominal amount of physically dissolved CO2.  4 

5 
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 1 
Table 2. Effect of pHe on the oxygen affinity of blood sampled from control and exercise-stessed 2 

sharks, expressed as the Bohr coefficient (Δlog P50 · ΔpH50
-1), where P50 is expressed in kPa. 3 

 4 

 Control sharks (n = 30) Exercised-stressed (n = 23) 

Bohr coefficient (Δlog P50 · ΔpHe
-1) -0.56 ± 0.09 -0.37 ± 0.12 

intercept  4.8 ± 0.7 3.2 ± 0.9* 

r2 (adjusted for degrees of freedom) 0.57 0.28 
 5 
*Significant differences between control and exercise-stressed sharks. 6 
 7 
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Table 3. The pH of sandbar shark blood at P50 (pHe 50 ). Values are mean ± SEM. 1 
 2 

pCO2 (kPa) Control sharks Exercised-stressed  

0.03 7.96 ± 0.03 (n = 12) 7.74 ± 0.04 (n = 9)* 

0.20  7.92 ± 0.09 (n = 9) 7.64 ± 0.01 (n = 13)* 

0.37 7.65 ± 0.02 (n = 6) -- 

        3 
*Significant differences between control and exercise-stressed sharks.    4 

  5 
 6 
 7 
  8 
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 1 

Table 4. Influence of urea and ATP on the oxygen affinity of stripped hemoglobin prepared from 2 

sandbar shark blood in 0.1 M Tris buffer (pH≈ 7.5) at 25° C. Values are mean ± SEM. 3 

 4 

Treatment P50 kPa (mm Hg) 

Control (no added urea or ATP) 0.75 ± 0.04 (5.6 ± 0.3), n = 7 

133 mM urea 0.76 ± 0.03 (5.7 ± 0.2), n = 3 

5.0 mM ATP 3.53 ± 0.29 (26.5 ± 2.2), n = 7 

5.0 mM ATP + 133 mM urea  3.49 ± 0.17 (26.2 ± 1.3), n = 3 
      5 
 6 

7 
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Figure captions 1 

 2 

Figure 1: Exemplary oxygen equilibrium curves, based on blood samples taken from four 3 

different individual sharks, showing the influence of pCO2 and exercise stress on blood oxygen 4 

affinity. Increasing levels of CO2 cause significant reductions in blood-oxygen affinity (i.e., 5 

rightward-shift in the curves), whereas the influence of strenuous exercise and the concomitant 6 

reduction in extracellular pH is more modest. Note that the P50 of blood from normal and 7 

exercise-stressed sharks is nearly identical, in spite of significant metabolic acidosis in the latter.  8 

 9 

Figure 2: Effect of extracellular pH at P50 (pHe 50) on the oxygen affinity (expressed as P50, in 10 

kPa) of blood sampled from control (solid circles) and exercise-stressed (open circles) sandbar 11 

sharks. The solid line is the regression based on the data from control sharks, the dashed lines are 12 

the 95% confidence intervals. 13 

 14 
Figure 3: (A) The relationship between blood pH at P50 (pHe 50) and intracellular pH at P50 (pHi 50) 15 

in samples from control (solid circles) and exercise-stressed (open circles) sandbar sharks. The 16 

regression equation for blood from control sharks is: pHi 50 = 1.56 (± 0.35) · pHe 50 - 5.02 (± 2.75) 17 

and the regression equation for blood from exercise-stressed sharks is: pHi 50 = 1.05 (± 0.12) · pHe 18 

50 - 0.97 (± 0.89). The dashed lines indicate the 95% confidence intervals for the regression lines. 19 

(B) The mean (∀ SEM) pHe 50 - pHi 50 differences in red blood cells from control and exercise 20 

stressed sharks. 21 


