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Brief Communication

According to the National Oceanic and Atmospheric 
Administration, loggerhead (Caretta caretta; Cc) and green 
sea (Chelonia mydas; Cm) turtles are both listed as either 
endangered or threatened at various worldwide locations 
under the endangered species act (https://www.fisheries 
.noaa.gov/species/loggerhead-turtle, https://www.fisheries 
.noaa.gov/species/green-turtle). Both of these species are 
frequently admitted to rehabilitation facilities in which blood 
transfusions may become necessary as part of supportive 
care in cases of chronic emaciation or after surgical removal 
of external fibropapillomatosis-associated lesions.17 The 
availability of stored whole blood can be useful in situations 
when appropriate sea turtle donors of the same species are 
not available at a rehabilitation facility.

For both storage and transport of whole blood from donor 
turtles, it is essential to understand optimal storage condi-
tions for each species. However, little is known with respect 
to selecting optimal storage solutions for the preservation of 
donor sea turtle red blood cells (RBCs) prior to transfusion  
to a recipient turtle. Current pre-transfusion RBC storage 
recommendations have been extrapolated from studies con-
ducted in humans, domestic mammals (e.g., dogs, cats, and 
horses), one American alligator study, and one anticoagulant 
short-term storage study in sea turtles.9,12,20,23

Studies evaluating preservation media for RBC storage 
typically evaluate RBCs stored in various commercial stor-
age media (e.g., acid–citrate–dextrose, citrate–phosphate–
dextrose, and citrate–phosphate–dextrose–adenine) over the 
course of 4–6 wk. It is well documented in the literature that 
damage occurs to RBCs during the course of storage.8 Cold 

storage of donor RBCs is notably associated with an increase 
in RBC osmotic fragility, RBC hemolysis, leakage of intra-
cellular enzymes and electrolytes, and decreased ATP and 
2,3-diphosphoglycerate synthesis.1,4,6 Moreover, prolonged 
cold storage and the effects of various anticoagulant-preser-
vative solutions have been associated with increased RBC 
osmotic fragility across a broad range of species.3,7,11,19 
Increased RBC fragility in stored RBC products has also 
been associated with acute transfusion reactions.16 In addi-
tion, hypercoagulability5 and endothelial damage18 are just a 
few of the potential adverse reactions associated with the 
transfusion of storage-damaged human RBCs.

When evaluating storage solutions, RBC osmotic fragility 
is utilized as a measure of RBC susceptibility to hemolysis, 
making knowledge of species-specific osmotic fragility criti-
cal to the development of proper storage protocols.4,14 To 
date, studies evaluating the osmotic fragility of Cc and Cm 
have not been reported. Our objective was to obtain baseline 
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Abstract. Loggerhead (Caretta caretta; Cc) and green sea (Chelonia mydas; Cm) turtles admitted to rehabilitation facilities 
may require blood transfusions for supportive treatment of disorders resulting in life-threatening anemia, but, considering 
the unique erythrocyte chemistry of sea turtles, standardized donor red blood cell (RBC) storage protocols have not been 
established. Prolonged cold storage and the effects of various anticoagulant-preservative solutions have been associated with 
increased RBC osmotic fragility across a broad range of species. Increased RBC fragility in stored RBC products has been 
associated with acute transfusion reactions. The osmotic fragility test is used to measure erythrocyte resistance to hemolysis 
while being exposed to a series of dilutions of a saline solution. We obtained baseline measurements for osmotic fragility 
in healthy Cc and Cm. Osmotic fragility testing was performed on samples from 10 Cc to 10 Cm. Fifty percent (50%) RBC 
hemolysis was identified at a mean NaCl concentration of 0.38% in both species. Results of our study will help guide future 
studies evaluating optimal storage solutions for sea turtle blood products.
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measurements for osmotic fragility in Cc and Cm. We tested 
the hypothesis that the osmotic fragilities of both Cc and Cm 
RBCs are similar.

For determination of osmotic fragility, whole blood was 
collected from 10 Cc to 10 Cm at The Turtle Hospital, Mara-
thon, FL. Samples were collected in accordance with Florida 
Fish and Wildlife Conservation Commission Marine Turtle 
Permit 16-021B; the study was approved by the University 
of Florida Institutional Animal Care and Use Committee 
(Protocol 201406823). All study animals were deemed clini-
cally healthy based on physical examination and absence of 
any clinicopathologic abnormalities based on complete 
blood count and serum biochemistry profile. Housing at The 
Turtle Hospital consists of large pools and tanks filled with 
water sourced from the nearby bay. Tanks are outdoors and 
open to the public during business hours. All turtles sampled 
were recovered patients at The Sea Turtle Hospital and either 
awaiting release or permanent residents at the hospital. Sam-
ples were collected from October 2016 through January 
2017. Turtles were manually caught from their tanks and 
restrained for sampling. Based on notch-to-notch and notch-
to-tip measurements, all turtles were adult, and of undeter-
mined sex. From each turtle, after surgical cleaning of the 
venipuncture site, a venous blood sample (1.5 mL) was col-
lected into a 3-mL lithium heparin blood collection tube 
(Vacutainer; Fisher Scientific) from either the right or left 
dorsal cervical sinus using a 21-ga, 5-cm needle and a 3-mL 
syringe.

Insulated samples were shipped overnight on wet ice to 
the University of California–Davis School of Veterinary 
Medicine, Veterinary Blood Bank at the UC Davis William 
R. Pritchard Veterinary Medical Teaching Hospital for analy-
sis. Samples were maintained at 4–6°C until evaluation, 
which was within 36 h of collection. Upon arrival, grossly 
visible hemolysis was absent in all specimens, and an aliquot 
of the sample was spun down and the supernatant evaluated 
(Plasma/Low Hb system; HemoCue America) for the pres-
ence of hemolysis.

Osmotic fragility was determined as described previously, 
with minor modifications.2 A range of NaCl solutions (0.0, 
0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 
0.70, and 0.90%) was used to produce a gradient such that 
the range of NaCl concentrations could be observed from 
hemolysis initiation through complete hemolysis. Complete 
hemolysis was confirmed via microscopic examination of 
the fluid. The series of solutions contained a 0.0% NaCl solu-
tion (distilled water) to ensure complete lysis, and a 0.9% 
NaCl solution that did not produce any cell lysing. In brief, 
100 µL of well-mixed anticoagulated whole blood was added 
to 5 mL of increasing concentrations of NaCl (0.00–0.90%), 
mixed, incubated for 1 h at room temperature, and then cen-
trifuged for 5 min at 2,500 × g (Sorvall T1 centrifuge; Thermo 
Scientific). The optical density (OD) at 540 nm of 500 μL of 
the supernatant was measured by spectrophotometry (Ultro-
spec 3300 Pro spectrophotometer; Amersham Biosciences). 

ODs were measured once on each blood sample for each 
NaCl dilution.

Hemolysis was considered 0% in 0.9% NaCl and 100% 
in 0.0% NaCl. The percent hemolysis in each sample was 
calculated with the use of the following equation: % hemo-
lysis = (OD sample)/(OD in 0% saline) × 100%.10 A sigmoid 
fragility curve was drawn by plotting % hemolysis on the 
y-axis and NaCl concentration on the x-axis (Figs. 1, 2). 
Mean NaCl concentrations at which 50% hemolysis occurred 

Figure 1.  Osmotic fragility curve of loggerhead sea turtle 
(Caretta caretta) red blood cells; 50% hemolysis occurs at 0.38% 
[NaCl] marked with asterisk (*).

Figure 2.  Osmotic fragility curve of green sea turtle (Chelonia 
mydas) red blood cells; 50% hemolysis occurs at 0.38% [NaCl] 
marked with asterisk (*).
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were identified as the point where the osmotic fragility 
curve intersected the point of 50% lysis. In both species, 
50% hemolysis occurred at 0.38% NaCl concentration 
(Figs. 1, 2).

Statistical evaluation of all data points was performed with 
commercial software (Analyse-it). All data were analyzed 
using a Student t-test with p ≤ 0.05 considered significant; 
data were normally distributed. There was no statistically sig-
nificant difference in the osmotic fragility measurements 
between Cc and Cm (p = 0.074). No outliers were found in 
the data.

Our study provides important and novel information 
regarding the erythrocyte osmotic fragility of Cc and Cm, 
laying the foundation for future evaluations of commercial 
storage media for preservation of sea turtle RBC prod-
ucts. Generally, it has been noted that nucleated erythro-
cytes are more resistant to osmotic stress than non-nucleated 
erythrocytes.2,22 In our study, and in both species, 50% 
hemolysis occurred at 0.38% NaCl concentration. By com-
parison, 50% hemolysis occurred at 0.44% NaCl concentra-
tion in healthy dogs in one study,15 and at 0.45–0.57% NaCl 
in healthy cats in another study.21 A comparative study on 
osmotic fragilities found that amphibians were the most 
resistant to osmotic stress followed by reptiles, birds, and 
then mammals.2 Compared to the mammals examined in the 
study, all of the ectothermic vertebrates examined had RBCs 
that were more osmotically resistant.2 Proposed physiologic 
mechanisms for this difference included size of RBCs, the 
presence of nuclei in RBCs, body temperature, and osmo-
regulation. Among reptiles, there was no significant differ-
ence in fragilities for aquatic or terrestrial species.2

Reptile erythrocytes are thought to be more resistant to 
lysis because their ectothermic nature requires their erythro-
cytes to be exposed to a wider range of body temperatures. 
Furthermore, ectothermic erythrocytes have longer lifespans 
than endothermic erythrocytes. Therefore, they would need 
to be more osmotically resistant to account for their long sur-
vival time. Finally, nucleated erythrocytes are more osmoti-
cally resistant than non-nucleated, and larger erythrocytes 
are more resistant than small (i.e., lower NaCl concentrations 
at which 50% hemolysis occurred).2

There are a few options for anticoagulants used in the pro-
cessing of reptilian blood. To date, heparin is used most com-
monly and was the anticoagulant in our study. And, given 
that K

2
-EDTA can cause erythrolysis in chelonians,13 we 

used heparin to avoid erythrocyte lysis associated with other 
anticoagulants.

There are limitations in our study beyond small sample 
size. For one, an explanation of the increase in percent 
hemolysis above 100% may be the result of residual bind-
ing of hemoglobin to erythrocyte membranes.22,24 Such 
binding would falsely lower the OD in samples in which it 
occurred, which might affect the osmotic fragility curve 
and calculated 50% RBC lysis. Only sampling turtles in 
rehabilitation settings limits data to those in very controlled 

environments in terms of water quality and temperature. 
Furthermore, all of these turtles sampled are therefore non-
breeding. Variations in osmotic fragility are likely in those 
turtles that are in more natural habitats, given increased 
diversity in age, sex, breeding status, and environment. 
Future work could be performed examining sea turtles in dif-
ferent environments—such as sampling those migrating ver-
sus those nesting because water temperature difference and 
seasonal variation may play a role in sea turtle erythrocyte 
osmotic fragility.
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