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ABSTRACT. This study was performed to confirm the alterations of blood and urine parameters 
in artificially induced hypocalcemic cows. For a 2 × 2 cross-over design, four non-pregnant, 
non-lactating Holstein Friesian cows (623 ± 63 kg) were utilized. Cows in the treatment and 
control group were infused with ethylenediaminetetraacetic acid (Na2EDTA) solution and normal 
saline through an intravenous catheter for 3 hr, respectively. Laboratory analyses included 
complete blood cell count, plasma chemistry, blood gas analysis and urine chemistry. During 
the hypocalcemic period, abnormal signs were not observed clinically, hematologically nor 
biochemically either in groups. But, plasma calcium and magnesium concentrations continued 
to decrease throughout Na2EDTA infusion, and significant group differences (P<0.05 or P<0.001) 
were detected until 5 hr after the initiation of infusion. Urinary excretions of these minerals were 
significantly reduced compared to the control group by 6 hr (Ca, P<0.05; Mg, P<0.001). Moreover, 
there is a significant group difference in the change in plasma pH at 1 hr after Na2EDTA infusion 
(P<0.05) and maintained a decreased level until 6 hr. Consequently, the blood pH was diminished 
simultaneously with hypocalcemia and hypomagnesemia induction in cows infused with 
Na2EDTA. This phenomenon may be one of the mechanisms to recover normocalcemia including 
maximizing the effect of parathyroid hormone, however, further studies are needed to elucidate 
the mechanism to alter the blood pH in hypocalcemia.
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As in humans and other animals, the blood levels of macrominerals, such as calcium (Ca), phosphorus, and magnesium (Mg) 
are regulated relevantly in cows, and have an important role in regulating the body status and are maintained in consistent [1, 7, 
11, 16, 18, 19, 23]. Abrupt changes in the mineral levels in the blood can affect the physiological condition, and if the balance is 
disrupted, serious diseases can result [21]. When the mineral balance in the body, especially the Ca balance, is disrupted around 
calving in dairy cows, it can lead to energy metabolic disorders, which can lead to suppressed immune function and increased 
peripartal diseases incidence such as mastitis or uterine infections [2, 7, 17].

Various factors are involved in the maintenance of homeostasis of minerals in the blood, especially hormones and overall 
body conditions regulate macromineral levels through several processes [1, 7, 11, 19, 23]. The parathyroid hormone (PTH), 
1,25-dihydroxyvitamin D3, and calcitonin are known as endocrinal factors that regulate blood Ca levels [7, 11]. In particular, PTH 
contributes to an increase in blood Ca levels by suppressing the excretion of Ca through the kidneys when Ca levels are low [7, 
12]. At the same time, PTH increases Mg levels in blood, lowers inorganic phosphate (iP) levels, and affects the activation of 
vitamin D3 [7, 11]. This activated form of vitamin D3 regulates the blood concentrations of Ca, Mg, and iP to increase [16]. In 
cows initiating lactation, the blood mineral levels change more rapidly than in other animals and other periods of life, and the 
adjustability to these changes affect productivity [1].

On the other hand, the pH is an important factor to function the body system normally and regulated tightly to sustain the 
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physiological processes [4]. Thus, in activating a mechanism to return the body to normal in an emergency, the pH will provide a 
biochemically optimal environment. It was already assumed that body pH would also change as the Ca concentration in the blood 
decreased [7, 8]. In the recovery of hypocalcemia, it is known that the uptake of Ca increases when the pH of the blood is changed 
to the mild acidic status most suitable for the activity of PTH [7, 8]. However, to date, there are no reports investigating the change 
in the blood pH in cows with hypocalcemia induced artificially.

Therefore, the purpose of this study was to investigate the changes in parameters of complete blood cell count (CBC), blood 
biochemistry, and blood gas and including blood pH as well as urinary mineral excretion analysis in hypocalcemic cows infused 
with disodium ethylenediaminetetraacetic acid (Na2EDTA) and to determine the relationship between blood Ca level and other 
altered parameters.

Four non-pregnant, non-lactating Holstein-Friesian cows were used in this experiment. The mean parity was 2.5 ± 0.6 and the 
body weight was 623 ± 63 kg. The cows were reared under the same conditions. Cows were fed the same amounts of hay and 
concentrated feed twice a day and allowed free access to water. All experimental protocols were validated by the Institutional 
Animal Care Use Committee of Seoul National University (SNU-181105-3).

The experiment was performed using a 2 × 2 cross-over design. One day before each administration, intravenous catheters 
(EQUIVET Hiflow long-term IV catheter 14 G × 5.25; KRUUSE, Langeskov, Denmark) were indwelled and fixed by 
suture in both jugular veins for infusion and blood sampling, respectively. The infusion for induction of hypocalcemia was 
performed after the cows were tied to the frame, and sampling was performed by restrainment to cow stanchion. Na2EDTA 
(ethylenediaminetetraacetic acid disodium salt dihydrate, Sigma-Aldrich, St. Louis, MO, USA) was dissolved in 540 ml of 0.9% 
saline. The solution was pH 5.5 and sterilized before infusion. The dosage of Na2EDTA was calculated as 40 mg/hr/kg [20], 
because the blood volume varies according to body weight and an average concentration of solution was about 13%. Two cows 
were infused with 540 ml of Na2EDTA solution through intravenous catheter for 3 hr (treatment, TRE), and intravenous infusion of 
540 ml of 0.9% saline (pH 5.5) was conducted in the other two cows (control, CON). Setting three days of washing period after the 
last sampling, the same administration protocol was repeated with changing the group.

Blood and urine samples were collected at 0, 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 16, 20, 24, 48, 72 and 96 hr, and 0, 1, 3, 6, 12, 24, 48, 72 
and 96 hr after the initiation of administration, respectively. The samples for CBC were collected in EDTA tubes (K2 EDTA tube; 
BD Vacutainer, Franklin Lakes, NJ, USA), and heparin tubes (Lithium Heparin tube; BD Vacutainer) were used for the samples 
for plasma chemistry. Plasma was separated by centrifuging the heparinized blood samples at 2,000 × g for 15 min and stored 
at −70°C. The urine sample was collected by inducing urination by rubbing the lower part of the vulva or inserting the urinary 
catheter. Urine was dispensed into a plastic tube (Falcon® 15 ml PP tube; Falcon, Tewksbury, MA, USA), and supernatant was 
separated after centrifugation at 2,000 × g for 15 min and stored at −70°C. For blood gas analyses, the plasma samples of 0, 1, 3, 
6, 12, 24, 48, 72 and 96 hr were used. Samples stored at −70°C were thawed to room temperature and centrifuged again before 
analyses to use supernatant.

Laboratory analyses included CBC (Hemavet® 950; Erba® Diagnostics, Miami, FL, USA), plasma and urinary chemistry 
(BS-400; Mindray, Shenzhen, China), and blood gas analysis (i-STAT; Abott, North Chicago, IL, USA). Immediately after blood 
sampling, CBC was performed using EDTA blood. In plasma chemistry, total protein (TP), albumin (Alb), total cholesterol 
(T-chol), glucose (Glu), creatinine (Crea), Ca, iP, and Mg, were included, and blood gas analysis was performed on pH. Although 
arterial blood is utilized in blood gas analysis, we used venous blood due to difficulty in repeated approach to an artery and the 
correlation with arterial pH [13]. Also, blood gas analysis was performed with the thawed plasma instead of whole blood due to 
the availability of analyzing equipment. Through our preliminary experiment before this study, plasma pH was confirmed to be 
approximately 0.2 higher than whole blood. But considering the differences in each individual, the results of pH were converted to 
delta pH (ΔpH, ΔpH=pHt=x hr–pHt=0 hr) for determining the pH change. In urinary chemistry, all results of minerals were converted 
to ratio with creatinine (Ca/creatinine, U-Ca; iP/creatinine, U-P; Mg/creatinine, U-Mg) to evaluate the excretion of minerals 
through the urine [15, 22].

Numerical data were expressed as mean ± standard deviation, and analyzed using SigmaPlot 12.5 (Systat Software Inc., San 
Jose, CA, USA). One-way repeated measures analysis of variance followed by Holm-Sidak multiple comparison method was 
applied to determine the significance of posttreatment values in comparison with the pretreatment value (0 hr). Student’s t-test was 
performed to compare the difference between the groups. The significance was set at P<0.05 for all analyses.

During the induction period in both groups, there were no significant events. In particular, clinical signs due to hypocalcemia 
like sternal or lateral recumbency were not observed in the TRE group. Also, in plasma chemical parameters including TP, Alb, 
T-chol, Glu and Crea, the normal state was confirmed by stable levels of parameters (data not shown). However, significant 
differences in Ca (P<0.001), iP (P=0.009) and Mg (P<0.001) within group were observed in TRE (Fig. 1). Among, plasma Ca and 
Mg concentrations continued to decrease throughout the Na2EDTA infusion and were significantly lower until 5 hr than those of 
CON (P<0.05 or P<0.001). The lowest plasma iP concentration was identified at 3 hr like other minerals, but no significant groups 
difference was observed (P=0.098).

In urinary analyses (Fig. 2), levels of U-Ca and U-Mg in TRE decreased after infusion and remained at low levels until 6 hr after 
infusion (U-Ca, P=0.004; U-Mg, P<0.001). Significant group differences were also observed until 6 hr in U-Ca (P<0.05) and U-Mg 
(P<0.001). In comparison, the change in U-P was shown similar to other minerals but insignificant.

In the result of blood gas analysis using plasma, the alteration in Δ pH showed a significant difference in TRE (P<0.001, Fig. 3). 
The Δ pH in TRE at 1 hr was significantly lower than CON and remained low until 6 hr although not statistically significant.

The first objective of this study was to confirm the relationship among the Ca concentration and blood pH and other parameters 
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Fig. 1. Changes in plasma mineral concentrations; A, calcium (Ca); B, magnesium (Mg); C, inorganic phosphate (iP). Gray zone means Na2EDTA 
infusion time. The values represent the means ± SD. Significant difference with the value at 0 hr is denoted as * (P<0.05) and ** (P<0.001). 
Significant difference with the control (CON) at the same time-point is denoted as a (P<0.05) and b (P<0.001).

Fig. 2. The amounts of urinary excretion of minerals through the ratio of minerals and creatinine; A, total calcium: creatinine (U-Ca); B, magne-
sium: creatinine (U-Mg); C, inorganic phosphate: creatinine (U-P). The values represent the means ± SD. Significant difference with the value 
at 0 hr is denoted as * (P<0.05). Significant difference with the control (CON) at the same time-point is denoted as a (P<0.05) and b (P<0.001).
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in dairy cows with induced hypocalcemia. In this study, Na2EDTA infusion for 3 hr induced hypocalcemia for 6 hr, at that time, the 
TRE group showed negative Δ pH due to a decrease in pH. Here, if negative Δ pH was caused by the infusion of acidic solution, 
Δ pH should have been the lowest at 3 hr like plasma Ca concentration. However, Δ pH was significantly decreased at 1 hr and 
maintained the level until 6 hr. Thus, it seems that negative Δ pH was not induced due to infusing acidic solution but due to some 
mechanisms to lower pH against hypocalcemia. On the other hand, the Δ pH of TRE increased significantly at 48 hr compared to 
0 hr (P=0.05). This seems to be caused by the small number of experimental animals. The Δ pH of 3 cows was less than 0.03, but 
0.175 in one cow.

The mechanisms for regulating blood pH are known as the respiratory system and buffer system [3, 24]. The main mechanism to 
lower the pH in the body is to suppress the respiration for increasing CO2 concentration in the blood. Here, blood gas analysis can 
be used to determine whether the pH of the blood is lowered through the respiratory mechanism by measuring pCO2. However, in 
this experiment, since the sample was frozen and thawed, it was difficult to confirm the pCO2 in fresh whole blood. Therefore, the 
mechanism of lowering pH could not be confirmed. Consequently, further study is needed to confirm the mechanism of lowering 
pH in the blood.

When blood Ca is lowered, PTH raises Ca levels by increasing Ca mobilization and reabsorption in bones and kidneys, 
respectively [7, 11]. In this study, when hypocalcemia occurred, the urinary excretion of calcium was simultaneously lowered, and 
it was estimated that the renal reabsorption of Ca was increased in hypocalcemic status by PTH.

The most significant result of this experiment is the decrease in plasma pH (negative Δ pH) in a hypocalcemia-induced group, 
which may be one of the processes of maintaining homeostasis of blood Ca concentration. In the induced hypocalcemia group, 
the plasma pH was drastically lowered with the decrease of the concentration of blood Ca. When the blood Ca level decreases, 
PTH is released earlier than vitamin D3 or other factors [6, 7]. The secretion of PTH and its binding to receptors are activated in 
lower blood pH than normal [6, 7]. According to previous studies, when blood pH is approximately 7.35, PTH actively binds to 
the receptor and acts to target organs [6, 7]. In addition, when the pH of blood becomes alkaline, the structure of PTH receptor is 
denatured, so that the binding of PTH is abnormal, and thus it is difficult to stimulate Ca uptake. Accordingly, in this experiment, 
the plasma pH of TRE might decrease simultaneously with induction of hypocalcemia to maximize the function of PTH.

In previous studies investigating mineral metabolism, administration of Na2EDTA was mainly used to induce the hypocalcemic 
status in cattle [5, 14]. Several studies that induced hypocalcemia by EDTA infusion have identified changes in Ca absorption in the 
intestine, resorption of Ca from bone and immune suppression [8, 14, 20]. In addition, the change in blood Ca concentration and 
other changes such as a liver enzyme, hormones and electrolytes were confirmed [5, 14, 17]. On the other hand, in some previous 
studies [5, 14, 20], normal saline and CaEDTA solution were considered as solutions to be infused to the control group, and we 
used normal saline for administration to CON. Because the purpose of this study was to identify changes in blood parameters, 
especially pH, in hypocalcemia and normal status, normal saline was used to minimize other physiological changes.

Another purpose of the study was to identify the changes in the concentrations of macrominerals released into the urine in 
induced hypocalcemic status. In the status of low concentrations of minerals in the blood, the macromineral/creatinine ratio in urine 
is lowered until these levels rise to normal levels. These results confirmed that reducing the excretion of minerals in urine is also 
the compensatory process to raise blood mineral concentrations to normal levels. However, unlike U-Ca and U-Mg, the level of 
U-P did not show a significant group difference between TRE and CON. This is because, unlike other macrominerals, iP is largely 
secreted through saliva or feces, and can be recycled [1]. Also, the factors regulating iP in blood and its mechanisms are not yet 
clear. Research on fibroblast growth factor 23 (FGF23), which is known as one of the regulators of iP, has been actively conducted 

Fig. 3. Effects of induced hypocalcemia on the change in plasma pH (Δ pH). The values represent the means ± SD. 
Significant difference with the value at 0 hr is denoted as * (P<0.05). Significant difference with the control (CON) 
at the same time-point is denoted as a (P<0.05).
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in experimental animals [9, 10]. However, it is difficult to discuss the function of FGF23 in cattle as it has not been identified 
as a useful method for measuring FGF23 in cattle. According to the studies in other species, FGF23 may have shown positive 
regulation with the decrease of iP in this study [9, 10], but it is estimated that FGF23 may be less potent than the function of PTH, 
and other factors may be involved in the regulation of iP level, so there may be no significant difference in U-P.

In this study, the pH of blood in hypocalcemia-induced cows was lowered immediately after the initiation of Na2EDTA infusion 
and maintained at a low level until Ca levels in blood were recovered to the state before induction. This decrease in blood pH 
suggests that there is a physiological response to promote the secretion of PTH and to improve reaction among mechanisms for 
maintaining Ca homeostasis. However, further studies are needed to determine which reaction changes the blood pH spontaneously.

REFERENCES

 1. Anderson, S. T., Kidd, L. J., Benvenutti, M. A., Fletcher, M. T. and Dixon, R. M. 2017. New candidate markers of phosphorus status in beef breeder 
cows. Anim. Prod. Sci. 57: 2291–2303.  [CrossRef]

 2. Chamberlin, W. G., Middleton, J. R., Spain, J. N., Johnson, G. C., Ellersieck, M. R. and Pithua, P. 2013. Subclinical hypocalcemia, plasma 
biochemical parameters, lipid metabolism, postpartum disease, and fertility in postparturient dairy cows. J. Dairy Sci. 96: 7001–7013. [Medline]  
[CrossRef]

 3. Collazos, C., Lopera, C., Santos, J. E. P. and Laporta, J. 2017. Effects of the level and duration of maternal diets with negative dietary cation-anion 
differences prepartum on calf growth, immunity, and mineral and energy metabolism. J. Dairy Sci. 100: 9835–9850. [Medline]  [CrossRef]

 4. Davidson, J. A. and Beede, D. K. 2009. Exercise training of late-pregnant and nonpregnant dairy cows affects physical fitness and acid-base 
homeostasis. J. Dairy Sci. 92: 548–562. [Medline]  [CrossRef]

 5. Desmecht, D. J. M., Linden, A. S., Godeau, J. M. and Lekeux, P. M. 1995. Experimental production of hypocalcemia by EDTA infusion in calves: 
a critical appraisal assessed from the profile of blood chemicals and enzymes. Comp. Biochem. Physiol. A Physiol. 110: 115–130. [Medline]  
[CrossRef]

 6. Goff, J. P. and Horst, R. L. 2003. Role of acid-base physiology on the pathogenesis of parturient hypocalcaemia (milk fever)—the DCAD theory in 
principal and practice. Acta Vet. Scand. Suppl. 97: 51–56. [Medline]

 7. Goff, J. P. 2008. The monitoring, prevention, and treatment of milk fever and subclinical hypocalcemia in dairy cows. Vet. J. 176: 50–57. [Medline]  
[CrossRef]

 8. Heron, V. S., Tremblay, G. F. and Oba, M. 2009. Timothy hays differing in dietary cation-anion difference affect the capability of dairy cows to 
maintain their calcium homeostasis. J. Dairy Sci. 92: 238–246. [Medline]  [CrossRef]

 9. Inoue, Y., Segawa, H., Kaneko, I., Yamanaka, S., Kusano, K., Kawakami, E., Furutani, J., Ito, M., Kuwahata, M., Saito, H., Fukushima, N., Kato, 
S., Kanayama, H. O. and Miyamoto, K. 2005. Role of the vitamin D receptor in FGF23 action on phosphate metabolism. Biochem. J. 390: 325–331. 
[Medline]  [CrossRef]

 10. Kägi, L., Bettoni, C., Pastor-Arroyo, E. M., Schnitzbauer, U., Hernando, N. and Wagner, C. A. 2018. Regulation of vitamin D metabolizing enzymes 
in murine renal and extrarenal tissues by dietary phosphate, FGF23, and 1,25(OH)2D3. PLoS One 13: e0195427. [Medline]  [CrossRef]

 11. Kronqvist, C., Emanuelson, U., Spörndly, R. and Holtenius, K. 2011. Effects of prepartum dietary calcium level on calcium and magnesium 
metabolism in periparturient dairy cows. J. Dairy Sci. 94: 1365–1373. [Medline]  [CrossRef]

 12. Lam, V., Dhaliwal, S. S. and Mamo, J. C. 2013. Adjustment of ionized calcium concentration for serum pH is not a valid marker of calcium 
homeostasis: implications for identifying individuals at risk of calcium metabolic disorders. Ann. Clin. Biochem. 50: 224–229. [Medline]  
[CrossRef]

 13. Lee, S., Ok, S., Kwon, H. and Kim, D. 2015. Arterial and venous blood gas, electrolytes, biochemical and hematological values in healthy korean 
native calves. J. Vet. Clin. 32: 499–503.  [CrossRef]

 14. Liesegang, A., Eicher, R., Sassi, M. L., Risteli, J., Riond, J. L. and Wanner, M. 2000. The course of selected bone resorption marker concentrations 
in response to short-term hypocalcemia experimentally induced with disodium EDTA infusions in dairy cows. J. Vet. Med. A Physiol. Pathol. Clin. 
Med. 47: 477–487. [Medline]  [CrossRef]

 15. Løvendahl, P. and Sehested, J. 2016. Short communication: Individual cow variation in urinary excretion of phosphorus. J. Dairy Sci. 99: 
4580–4585. [Medline]  [CrossRef]

 16. Martens, H., Leonhard-Marek, S., Röntgen, M. and Stumpff, F. 2018. Magnesium homeostasis in cattle: absorption and excretion. Nutr. Res. Rev. 
31: 114–130. [Medline]  [CrossRef]

 17. Martinez, N., Sinedino, L. D. P., Bisinotto, R. S., Ribeiro, E. S., Gomes, G. C., Lima, F. S., Greco, L. F., Risco, C. A., Galvão, K. N., Taylor-
Rodriguez, D., Driver, J. P., Thatcher, W. W. and Santos, J. E. P. 2014. Effect of induced subclinical hypocalcemia on physiological responses and 
neutrophil function in dairy cows. J. Dairy Sci. 97: 874–887. [Medline]  [CrossRef]

 18. Moreira, V. R., Zeringue, L. K., Williams, C. C., Leonardi, C. and McCormick, M. E. 2009. Influence of calcium and phosphorus feeding on 
markers of bone metabolism in transition cows. J. Dairy Sci. 92: 5189–5198. [Medline]  [CrossRef]

 19. Rodríguez, E. M., Bach, A., Devant, M. and Aris, A. 2016. Is calcitonin an active hormone in the onset and prevention of hypocalcemia in dairy 
cattle? J. Dairy Sci. 99: 3023–3030. [Medline]  [CrossRef]

 20. Sasaki, K., Yamagishi, N., Kizaki, K., Sasaki, K., Devkota, B. and Hashizume, K. 2014. Microarray-based gene expression profiling of peripheral 
blood mononuclear cells in dairy cows with experimental hypocalcemia and milk fever. J. Dairy Sci. 97: 247–258. [Medline]  [CrossRef]

 21. Sato, R., Onda, K., Kato, H., Ochiai, H., Kawai, K., Iriki, T., Kaneko, K., Yamazaki, Y. and Wada, Y. 2013. An evaluation of the effect of age 
and the peri-parturient period on bone metabolism in dairy cows as measured by serum bone-specific alkaline phosphatase activity and urinary 
deoxypyridinoline concentration. Vet. J. 197: 358–362. [Medline]  [CrossRef]

 22. Tebbe, A. W. and Weiss, W. P. 2018. Evaluation of creatinine as a urine marker and factors affecting urinary excretion of magnesium by dairy cows. 
J. Dairy Sci. 101: 5020–5032. [Medline]  [CrossRef]

 23. Wilkens, M. R., Cohrs, I., Lifschitz, A. L., Fraser, D. R., Olszewski, K., Schröder, B. and Breves, G. 2013. Is the metabolism of 25-hydroxyvitamin 
D3 age-dependent in dairy cows? J. Steroid Biochem. Mol. Biol. 136: 44–46. [Medline]  [CrossRef]

 24. Zimpel, R., Poindexter, M. B., Vieira-Neto, A., Block, E., Nelson, C. D., Staples, C. R., Thatcher, W. W. and Santos, J. E. P. 2018. Effect of dietary 
cation-anion difference on acid-base status and dry matter intake in dry pregnant cows. J. Dairy Sci. 101: 8461–8475. [Medline]  [CrossRef]

http://dx.doi.org/10.1071/AN17363
http://www.ncbi.nlm.nih.gov/pubmed/24054301?dopt=Abstract
http://dx.doi.org/10.3168/jds.2013-6901
http://www.ncbi.nlm.nih.gov/pubmed/28987581?dopt=Abstract
http://dx.doi.org/10.3168/jds.2017-13200
http://www.ncbi.nlm.nih.gov/pubmed/19164665?dopt=Abstract
http://dx.doi.org/10.3168/jds.2008-1458
http://www.ncbi.nlm.nih.gov/pubmed/7704623?dopt=Abstract
http://dx.doi.org/10.1016/0300-9629(94)00156-N
http://www.ncbi.nlm.nih.gov/pubmed/14621395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18342555?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2007.12.020
http://www.ncbi.nlm.nih.gov/pubmed/19109283?dopt=Abstract
http://dx.doi.org/10.3168/jds.2008-1357
http://www.ncbi.nlm.nih.gov/pubmed/15885032?dopt=Abstract
http://dx.doi.org/10.1042/BJ20041799
http://www.ncbi.nlm.nih.gov/pubmed/29771914?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0195427
http://www.ncbi.nlm.nih.gov/pubmed/21338802?dopt=Abstract
http://dx.doi.org/10.3168/jds.2009-3025
http://www.ncbi.nlm.nih.gov/pubmed/23615406?dopt=Abstract
http://dx.doi.org/10.1177/0004563212473747
http://dx.doi.org/10.17555/jvc.2015.12.32.6.499
http://www.ncbi.nlm.nih.gov/pubmed/11075539?dopt=Abstract
http://dx.doi.org/10.1046/j.1439-0442.2000.00308.x
http://www.ncbi.nlm.nih.gov/pubmed/26995137?dopt=Abstract
http://dx.doi.org/10.3168/jds.2015-10338
http://www.ncbi.nlm.nih.gov/pubmed/29318981?dopt=Abstract
http://dx.doi.org/10.1017/S0954422417000257
http://www.ncbi.nlm.nih.gov/pubmed/24359833?dopt=Abstract
http://dx.doi.org/10.3168/jds.2013-7408
http://www.ncbi.nlm.nih.gov/pubmed/19762837?dopt=Abstract
http://dx.doi.org/10.3168/jds.2009-2289
http://www.ncbi.nlm.nih.gov/pubmed/26851845?dopt=Abstract
http://dx.doi.org/10.3168/jds.2015-10229
http://www.ncbi.nlm.nih.gov/pubmed/24210493?dopt=Abstract
http://dx.doi.org/10.3168/jds.2013-7049
http://www.ncbi.nlm.nih.gov/pubmed/23422881?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2013.01.013
http://www.ncbi.nlm.nih.gov/pubmed/29525305?dopt=Abstract
http://dx.doi.org/10.3168/jds.2017-14098
http://www.ncbi.nlm.nih.gov/pubmed/23220546?dopt=Abstract
http://dx.doi.org/10.1016/j.jsbmb.2012.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29970257?dopt=Abstract
http://dx.doi.org/10.3168/jds.2018-14748

