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Abstract

Objective – The purposes of this study were to evaluate the oxygen affinity of hemoglobin (Hb) in healthy
retired racing Greyhounds via cooximetry, and to establish reference intervals for blood gases and cooximetry
in this breed.

Design – Prospective clinical study.

Setting – University Teaching Hospital.

Animals – Fifty-seven Greyhounds and 30 non-Greyhound dogs.

Interventions – Venous blood samples were collected from the jugular vein and placed into heparinized
tubes. The samples were analyzed within 30 minutes of collection using a blood gas analyzer equipped with a
cooximeter.

Measurements and Main Results – Greyhounds had significantly higher pH, PO2, oxygen saturation,
oxyhemoglobin, total Hb, oxygen content, and oxygen capacity and significantly lower deoxyhemoglobin and
P50 when compared with non-Greyhound dogs.

Conclusion – These findings support the fact that this breed is able to carry a higher concentration of total
oxygen in the blood. As reported previously, this breed also has lower P50 and, therefore, high oxygen affinity.
In light of recent findings suggesting that in certain tissues a high affinity for oxygen is beneficial, this
adaptation may be of benefit during strenuous exercise.

(J Vet Emerg Crit Care) doi: 10.1111/j.1476-4431.2010.00607.x
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Introduction

Greyhounds have high mean hematocrit (HCT), hemo-

globin (Hb) concentration, RBC counts,1 lower WBC,

neutrophil, and platelet counts, and atypical eosinophil
morphology, when compared with dogs of other

breeds.1–3 Greyhounds may have the highest resting

HCT of any mammalian species, which increases sig-

nificantly during a race due to splenic contraction, RBC

release from the bone marrow,3–5 or by translocation of

water out of the vascular space and subsequent hemo-

concentration.1,3,4,6,7 Some of these mechanisms have

been hypothesized to be physiologic adaptations to

racing in order to increase oxygen delivery to tissues.
However, little is known about Hb function, including

oxygen affinity in Greyhounds compared with non-

Greyhound breeds. In a previous study, Hb function in

Greyhounds was evaluated by determining the PO2 at

which Hb is 50% saturated (P50), using oxyhemoglobin

dissociation curves (ODC).6 The P50 values were lower

in Greyhounds than in other breeds, representing a left

shift in the ODC, and therefore a higher affinity for
oxygen.6 The RBC 2,3-diphosphoglycerate (2,3-DPG)

content was not significantly different between the

Greyhounds and the non-Greyhounds in that study.6
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Based on those results, the authors proposed that de-

creased oxygen release to the tissues could cause in-

creases in erythropoietin production and increased RBC

production. They also proposed this higher oxygen

affinity, rather than breeding selection, as the likely

cause of the high Hb and HCT in this breed.6

Gas exchange and Hb function can be assessed using
blood gas analyzers and cooximetry, respectively.

Cooximeters are instruments that measure percentages

of the 4 Hb moieties spectrophotometrically: oxyhemo-

globin (O2Hb), deoxyhemoglobin (HHb), carboxy-

hemoglobin (COHb), and methemoglobin (MetHb).8

The objectives of this study were to evaluate the oxygen

affinity of Hb in healthy retired racing Greyhounds

using a blood gas analyzer with cooximeter, and
to establish reference intervals for blood gases and co-

oximetry in this breed.

Materials and Methods

Animals

Blood samples were obtained from 57 healthy, adult,

retired racing Greyhound dogs and 30 healthy, adult
dogs of other breeds. Only healthy animals, determined

based on lack of abnormal clinical signs or findings on

physical examination, were included in the studies.

Greyhounds and some of the non-Greyhound dogs

were part of the blood donation program at The Ohio

State University Animal Blood Bank, with all samples

being collected before blood donation. Other non-Grey-

hound dogs belonged to staff of the Veterinary Medical
Center and students in the College of Veterinary Med-

icine at this University. The Animal Blood Bank has a

current animal use protocol approved by the Institu-

tional Animal Care and Use Committee for collection of

blood to establish reference intervals. Blood samples in

nondonor dogs were collected with signed informed

owner consent.

Blood collection procedures

After occlusion for o20 seconds, 3 mL of blood were

obtained by venipuncture of the external jugular vein

using a 20-G needle and a 3 mL plastic syringe. The

sample was then immediately placed into a 3 mL vac-

uum-sealed glass tube containing lithium heparin,a,9

and analyzed immediately.

Blood analyses

Blood samples were analyzed using a blood gas ana-

lyzerb with a cooximeter. All samples were analyzed

following the manufacturer’s instructions.c The ana-

lyzer directly measures pH, PCO2, PO2, oxygen satu-

ration (SO2%), HCT, and Hb. The methods used to

measure these parameters were specific electrode (pH),

Severinghaus method (PCO2), amperometric (PO2),

optical reflectance (SO2%), conductivity/Na correction

(HCT), and multiple wavelength/conductivity correc-

tion (Hb). The cooximeter directly measures by multi-

ple wavelength spectophotometry the percentages of

O2Hb%, HHb%, COHb%, and MetHb%. The instru-

ment’s software automatically calculates other param-
eters such as P50, oxygen content (O2Ct), and oxygen

capacity (O2Cap).

Statistical analysis

The dogs were divided into 2 groups, Greyhounds and

non-Greyhounds, and the data were analyzed using

commercial statistical software.d Variables were analyzed

using descriptive statistics and evaluated for normality
using the D’Agostino and Pearson omnibus normality

test. Unpaired 2-tailed Student’s T-tests were used to

compare values between both groups when data were

normally distributed, and a Mann-Whitney test was used

when data did not have normal distribution. Statistical

significance was set at Po0.05. Reference intervals for

Greyhounds and non-Greyhounds were established us-

ing the central 95% of values (mean � 2 SD) when data
were normally distributed. For variables that did not

follow Gaussian distribution, observed ranges are listed

(method used based on the small number of data points,

and nonnormal distribution).10

Results

The Greyhound group comprised 30 males (53%) and

27 females (47%), with a mean age of 5.7 years (SD 1.65
years), and a mean weight of 32 kg (SD 4.49 kg). The

non-Greyhound group comprised 20 males (67%) and

10 females (33%), with a mean age of 4.7 years (SD 2.51

years), and a mean weight of 31.72 kg (SD 12.30 kg). All

the dogs included in the study were neutered. The

other breeds included a wide range of weights and

muscle masses. All the dogs included in this study were

pets with a similar range of activity. The non-Grey-
hound group included a variety of large and small

breeds. All the data were normally distributed with the

exception of MetHb in both groups, and pH and P50 in

the Greyhounds group. As has been reported previ-

ously,1,11 we found a significantly higher HCT in Grey-

hounds (Po0.0001) compared with non-Greyhounds.

Values from the blood gas analyzer and cooximeter are

shown in Table 1. Greyhounds had significantly higher
pH, PO2, SO2%, O2Hb%, total Hb (tHb), O2Ct, O2Cap,

and lower HHb% and P50 compared with non-Grey-

hounds. The remaining parameters (PCO2, COHb%,

MetHb%) were not statistically different between Grey-

hounds and non-Greyhounds. As shown in Figure 1, the

distribution of the P50 values was much narrower in
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Greyhounds (range 26.00–28.40 mm Hg; SD 5 0.40) than

in the non-Greyhounds (range 25.90–38.50 mm Hg;

SD 5 4.28).

Both SO2% and O2Hb% were significantly higher

(Po0.0001) in Greyhounds (SO2 mean, 89.18%; O2Hb

mean, 86.51%) than in non-Greyhounds (SO2 mean,

77.05%; O2Hb mean, 75.41%), and HHb% was lower in
Greyhounds compared with the non-Greyhound group

(10.77% versus 21.36%; Po0.0001). Greyhounds also

had higher tHb (mean, 21.53 g/dL; Po0.0001) than

non-Greyhounds (mean, 18.16 g/dL). Greyhound-

specific reference intervals for parameters measured

in this study are shown in Table 2, compared with ref-

erence intervals for non-Greyhounds.

Discussion

Greyhounds have higher PO2, SO2, O2Hb, tHb, O2Ct,

and O2Cap than non-Greyhounds. These parameters

are used to assess the oxygenation and function of the

Hb molecule, and higher values indicate that Grey-

hounds are able to carry a higher concentration of total

oxygen in the blood. However, Greyhounds also have
lower P50 than non-Greyhounds, which could be due to

higher oxygen affinity. Previous studies have proposed

that a decrease in oxygen affinity (higher P50) is ben-

eficial for athletic performance,12–18 because the oxygen

is more easily released from the Hb to tissues. In Grey-

hounds, the apparent high oxygen affinity Hb does not

support this theory.

In people, hemoglobinopathies are the most fre-
quently encountered monogenic disorders world-

wide.19 Over 900 structural Hb variations have been

described, including single mutations, deletions, or in-

sertions in the genes that encode either the a- or b-

globin chain. In over 95% of these structural variations,

there is a single amino acid mutation that leads to

changes in stability, solubility, and function. In the 89

reported hemoglobinopathies associated with high ox-
ygen affinity, the decreased release of oxygen to tis-

sues results in tissue hypoxia.19 This hypoxia triggers

Table 1: Venous cooximetry and blood gas mean values � SD (unless otherwise indicated) of 57 Greyhounds and 30 non-Grey-

hounds exhibiting significant difference (Po0.05)

Value Greyhounds Non-Greyhounds P-value

pH 7.41 � 0.03 7.40 � 0.03 5 0.034

HCT (%) 51.7 � 3.9 46.1 � 2.8 o0.0001

PO2 (mm Hg) 60.3 � 12.0 52.1 � 8.7 5 0.0014

Oxygen saturation (SO2, %) 89.2 � 5.3 77.0 � 11.3 o0.0001

Oxyhemoglobin (O2Hb, %) 86.5 � 5.5 75.4 � 10.3 o0.0001

Deoxyhemoglobin (HHb, %) 10.8 � 5.2 21.4 � 9.3 o0.0001

Total hemoglobin (tHb, g/dL) 21.5 � 1.7 18.2 � 1.6 o0.0001

P50 (mm Hg) 26.5 � 0.3n 29.9 � 4.3 o0.0001

Oxygen content (O2Ct, mL/dL) 25.9 � 3.1 19.0 � 2.8 o0.0001

Oxygen capacity (O2Cap, mL/dL) 29.0 � 2.6 24.3 � 2.1 o0.0001

nData nonnormally distributed, presented as median and interquartile range.

Figure 1: Hemoglobin P50 values (PO2 at which hemoglobin is

50% oxygenated) of healthy Greyhounds and non-Greyhounds.

Greyhounds group did not pass the normality test.

Table 2: Venous cooximetry and blood gas reference intervals

for Greyhounds and non-Greyhounds

Parameter Greyhound Non-Greyhounds

PO2 (mm Hg)n 36.3–84.3 34.6–69.6

PCO2 (mm Hg) 25.6–39.9 24.7–44.4

SO2 (%)n 78.6–99.8 54.4–99.8

tHb (g/dL)n 18.1–25.0 15.0–21.3

O2Hb (%)n 75.6–97.4 54.7–96.1

COHb (%) 0.9–3.9 0.4–4.5

MetHb (%) 0.0–2.2w 0.1–2.8w
HHb (%)n 0.4–21.2 2.7–40.0

P50 (mm Hg)n 26.0–28.4w 21.4–38.4

O2Ct (mL/dL)n 19.7–32.0 13.3–24.6

O2Cap (mL/dL)n 23.8–34.1 20.2–28.5

nParameters showing significant differences between the two groups

(Greyhound and non-Greyhound dogs).

wData nonnormally distributed. Reference intervals expressed as ob-

served ranges.

SO2, oxygen saturation; tHb, total hemoglobin; O2Hb, oxyhemoglobin;

COHb, carboxyhemoglobin; MetHb, methemoglobin; HHb, deoxyhemo-

globin; O2Ct, oxygen content; O2Cap, oxygen capacity.
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production of erythropoietin by hypoxia-inducible fac-

tors, leading to secondary erythocytosis.20 Patients with

high-affinity Hb have low P50, as is the case in Grey-

hounds.

The ODC is a graphical representation of the uptake

of oxygen in the lungs and the delivery to the tissues.21

The position of this curve is influenced by pH, tem-
perature, CO2, and 2,3-DPG concentration. As dis-

cussed above, Greyhounds had a higher pH and lower

CO2 than non-Greyhounds, causing a left shift of the

ODC, and consequently a lower P50. Under standard

conditions (371C, pH 7.4, PCO2 40 mm Hg), interspecies

variations in the ODC are mainly determined by the

primary structure of the Hb molecule and the chemical

composition and structure of erythrocytes. A previous
report in dogs showed that the ODC is strongly influ-

enced by breed, because the P50 value was widely dis-

persed among breeds, ranging from 25.8 mm Hg in

spaniels to 35.8 mm Hg in hounds.21 In the present

study, the unusual minimal dispersion as well as the

low P50 in Greyhounds suggests that unknown factors

have selected for a very specific Hb oxygen affinity in

this breed. As previous reports show that 2,3-DPG con-
centrations in Greyhounds are not different than in

other breeds,6 we suggest that Greyhounds may be

more sensitive to pH changes,22 causing the ODC left

shift.

Although arterial samples are more traditionally

used for the assessment of oxygenation, venous sam-

ples were used in this study based on the guidelines for

routine measurement of blood Hb oxygen affinity,9 be-
cause P50 should not vary among them, and venous

samples are more commonly obtained and practical to

run in the clinical setting.

The O2Ct is the total amount of oxygen in the blood

(dissolved oxygen and oxygen bound to Hb) and is

calculated by the cooximeter using the equation

1.39Hb � SO2%10.003PO2. O2Cap is the total amount

of oxygen that Hb can carry and is calculated by the
cooximeter using the equation 1.39(O2Hb%1HHb%)/

100[tHb]. In this study, both O2Ct and O2Cap were sig-

nificantly higher in Greyhounds compared with non-

Greyhounds, suggesting that these increases could be a

consequence of the high-affinity Hb and stronger bind-

ing between Hb and O2.

It is unclear how an athletic breed such as Grey-

hounds benefits from a low P50. Recent studies on Hb-
based oxygen carriers have revealed that in certain

tissues, a high-affinity oxygen carrier is beneficial, sup-

pressing vasoconstriction elicited by early off-loading

and over-oxygenating tissues at the level of the pre-

capillary sphincter.23 In normal individuals, oxygen has

a tendency to be released at the arteriolar level before

it reaches the capillaries. With higher affinity Hb, the

oxygen remains bound longer (ie, through arteriolar

circulation), and should therefore be released at a

deeper tissue level (ie, capillaries), where oxygen ten-

sion is lower.24 This may allow delivery of oxygen to

the tissues which need it most (ie, muscles), which

would be of benefit during strenuous exercise. Al-

though counterintuitive to traditional wisdom, these
mechanisms could explain the benefits of having a

high-affinity Hb in an athletic breed such as Grey-

hounds.

This study has some potential limitations. First of all,

sample handling could have influenced venous SO2%,

PCO2, and PO2.25 However, all the samples were han-

dled by the same operator (S.Z.L.), and SO2% and PO2

in Greyhounds are still significantly higher than in non-
Greyhounds. A potential reason for the high SO2% ob-

served may be that the high oxygen affinity Hb (low

P50) found in the Greyhound makes Greyhound Hb

more likely to remain bound to oxygen, therefore lead-

ing to the higher than expected SO2%. It is also impor-

tant to note that, although this instrumentb is widely

used in hospitals and emergency practices,26–28 no val-

idation for its use in dogs has been reported. The only
parameter that has been validated in vitro is SO2%.29

The cooximetry results in Greyhounds, in combina-

tion with the previous findings of decreased coopera-

tive binding of Hb,6 indicate that Greyhounds may

have a unique structural variation in the Hb mole-

cule. Alternatively, given the high HCT (mean,

51.70 � 3.92%), the high viscosity in Greyhounds could

have impeded a constant flow rate through the channel
in the instrument, thus altering the cooximeter values.

Preliminary data from electrophoresis of Hb from

retired racing Greyhounds (data not shown) did not

reveal any different mobility patterns compared with

non-Greyhounds. However, this technique may not be

useful in the evaluation of high-affinity Hb because

many of the mutations are electrophoretically silent.

Additional studies are currently being performed
in order to evaluate whether viscosity is a factor in

cooximetry evaluation of Greyhound blood. Crystallo-

graphy may be helpful in characterizing this high-

affinity Hb structure,30,31 these studies being currently

under way. Arterial blood samples from Greyhounds

should also be analyzed with cooximetry, and compar-

ison with venous samples would allow determination

of oxygen extraction ratios, which may lend further
support to evidence for increased Hb affinity for oxy-

gen in Greyhounds compared with other breeds of

dogs. In conclusion, further investigation into the

unique Hb oxygen affinity of Greyhounds through the

use of techniques such as electrophoresis, high-perfor-

mance liquid chromatography, or molecular methods is

warranted.
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Footnotes
a Monojectt Green Stopper, Tyco Healthcare, Mansfield, MA.
b STP CCX Analyzer, Nova Biomedical, Waltham, MA.
c Nova Biomedical STP CCX Analyzer User Manual, 2003.
d GraphPad Software Inc, San Diego, CA.

References

1. Shiel RE, Brennan SF, O’Rourke LG, et al. Hematologic values in
young pretraining healthy Greyhounds. Vet Clin Pathol 2007;
36:274–277.

2. Iazbik MC, Couto CG. Morphologic characterization of specific
granules in Greyhound eosinophils. Vet Clin Pathol 2005; 34:140–
143.

3. Neuhaus D, Fedde MR, Gaehtgens P. Changes in haemorheology
in the racing Greyhound as related to oxygen delivery. Eur J Appl
Physiol Occup Physiol 1992; 65:278–285.

4. Snow DH, Harris RC, Stuttard E. Changes in haematology and
plasma biochemistry during maximal exercise in Greyhounds. Vet
Rec 1988; 123:487–489.

5. Rose RJ, Bloomberg MS. Responses to sprint exercise in the Grey-
hound: effects on haematology, serum biochemistry and muscle
metabolites. Res Vet Sci 1989; 47:212–218.

6. Sullivan PS, Evans HL, McDonald TP. Platelet concentration and
hemoglobin function in Greyhounds. J Am Vet Med Assoc 1994;
205:838–841.

7. Nold JL, Peterson LJ, Fedde MR. Physiological changes in the
running Greyhound (Canis domesticus): influence of race length.
Comp Biochem Physiol A Comp Physiol 1991; 100:623–627.

8. Myers GJ, Browne J. Point of care hematocrit and hemoglobin in
cardiac surgery: a review. Perfusion 2007; 22:179–183.

9. Wimberley PD, Burnett RW, Covington AK, et al. Guidelines for
routine measurement of blood hemoglobin oxygen affinity. IFCC
Scientific Division, Committee on pH, Blood Gases, and Electro-
lytes. J Int Fed Clin Chem 1991; 3:81–86.

10. Thrall MA. Veterinary Hematology and Clinical Chemistry. Phil-
adelphia, PA: Lippincott Williams & Wilkins; 2004.

11. Porter JA Jr, Canaday WR Jr. Hematologic values in Mongrel and
Greyhound dogs being screened for research use. J Am Vet Med
Assoc 1971; 159:1603–1606.

12. Richardson RS, Tagore K, Haseler LJ, et al. Increased VO2max with
right-shifted Hb-O-2 dissociation curve at a constant O-2 delivery
in dog muscle in situ. J Appl Physiol 1998; 84:995–1002.

13. Fenger CK, McKeever KH, Hinchcliff KW, et al. Determinants of
oxygen delivery and hemoglobin saturation during incremental
exercise in horses. Am J Vet Res 2000; 61:1325–1332.

14. Biolo A, Greferath R, Siwik DA, et al. Enhanced exercise capacity
in mice with severe heart failure treated with an allosteric effector
of hemoglobin, myo-inositol trispyrophosphate. Proc Natl Acad
Sci USA 2009; 106:1926–1929.

15. Cambier C, Wierinckx M, Clerbaux T, et al. Haemoglobin oxygen
affinity and regulating factors of the blood oxygen transport in
canine and feline blood. Res Vet Sci 2004; 77:83–88.

16. Henderson KK, McCanse W, Urano T, et al. Acute vs. chronic
effects of elevated hemoglobin O(2) affinity on O(2) transport in
maximal exercise. J Appl Physiol 2000; 89:265–272.

17. Schumacker PT, Suggett AJ, Wagner PD, et al. Role of hemoglobin
P50 in O2 transport during normoxic and hypoxic exercise in the
dog. J Appl Physiol 1985; 59:749–757.

18. Watanabe T, Takeda T, Omiya S, et al. Reduction in hemoglobin-
oxygen affinity results in the improvement of exercise capacity in
mice with chronic heart failure. J Am Coll Cardiol 2008; 52:779–
786.

19. Gonzalez Fernandez FA, Villegas A, Ropero P, et al. Haemoglo-
binopathies with high oxygen affinity. Experience of Erythro-
pathology Cooperative Spanish Group. Ann Hematol 2009; 88:
235–238.

20. Semenza GL. Involvement of oxygen-sensing pathways in
physiologic and pathologic erythropoiesis. Blood 2009; 114:2015–
2019.

21. Clerbaux T, Gustin P, Detry B, et al. Comparative study of the
oxyhaemoglobin dissociation curve of four mammals: man, dog,
horse and cattle. Comp Biochem Physiol Comp Physiol 1993;
106:687–694.

22. Ilkiw JE, Davis PE, Church DB. Hematologic, biochemical, blood-
gas, and acid-base values in Greyhounds before and after exercise.
Am J Vet Res 1989; 50:583–586.

23. Dimino ML, Palmer AF. Hemoglobin-based O2 carrier O2 affinity
and capillary inlet pO2 are important factors that influence O2

transport in a capillary. Biotechnol Prog 2007; 23:921–931.
24. Vandegriff KD, Winslow RM. Hemospan: design principles for a

new class of oxygen therapeutic. Artif Organs 2009; 33:133–138.
25. Rezende ML, Haskins SC, Hopper K. The effects of ice-water

storage on blood gas and acid-base measurements. J Vet Emerg
Crit Care 2007; 17:67–71.

26. McMillan MW, Whitaker KE, Hughes D, et al. Effect of body
position on the arterial partial pressures of oxygen and carbon
dioxide in spontaneously breathing, conscious dogs in an inten-
sive care unit. J Vet Emerg Crit Care (San Antonio) 2009; 19:
564–570.

27. Scott NE, Haskins SC, Aldrich J, et al. Comparison of measured
oxyhemoglobin saturation and oxygen content with analyzer-cal-
culated values and hand-calculated values obtained in unsedated
healthy dogs. Am J Vet Res 2005; 66:1273–1277.

28. Grosenbaugh DA, Gadawski JE, Muir WW. Evaluation of a por-
table clinical analyzer in a veterinary hospital setting. J Am Vet
Med Assoc 1998; 213:691–694.

29. Jahr JS, Lurie F, Driessen B, et al. Validation of oxygen saturation
measurements in a canine model of hemoglobin based oxygen
carrier (HBOC) infusion. Clin Lab Sci 2000; 13:173–179.

30. Balasubramanian M, Moorthy PS, Neelagandan K, et al. Purifica-
tion, crystallization and preliminary crystallographic study of
haemoglobin from camel (Camelus dromedarius): a high oxygen-
affinity lowland species. Acta Crystallogr Sect F Struct Biol Cryst
Commun 2009; 65:773–775.

31. Sundaresan SS, Ramesh P, Sivakumar K, et al. Purification, crys-
tallization and preliminary X-ray analysis of haemoglobin from
ostrich (Struthio camelus). Acta Crystallogr Sect F Struct Biol Cryst
Commun 2009; 65:681–683.

& Veterinary Emergency and Critical Care Society 2010, doi: 10.1111/j.1476-4431.2010.00607.x 5

Blood gas analysis and cooximetry in Greyhounds


