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Abstract.. According to the standards of humane medicine, a large
concentration of extracellular potassium may accumulate in the human packed red
blood cells (pRBCs) during storage. Therefore, during transfusion to the recipient
of such pRBCs, there is a risk of developing hyperkalaemia. This is one of the
reasons for a significant restriction of the use of erythrocytic mass in humane
medicine, sometimes after two weeks of storage. In veterinary medicine there is no
research on the dynamics of accumulation of potassium and lactate in the canine
pRBCs. The aim of the study was to determine the concentrations of potassium
and lactate in the canine pRBC for different periods of its storage. According to the
results of the research, the concentration of potassium during the 35-day storage
period of the canine pRBCs significantly increased in 2.1 times from 3.89 + 0.16
mmol/L to 8.12 + 0.26 mmol/L, and lactate concentration increased in 10.7 times
from 1.8 £ 0.07 mmol/L to 19.3 £ 0.25 mmol/L, followed by a rapid decrease in
these parameters after the 21st day of pRBC storage. It was established that the
concentrations of potassium and lactate in the canine pRBC on the 35th day of
storage is safe for its transfusion to animals. Moreover, the level of lactate in the
canine pRBC can be used as a criterion for its suitability for transfusion to patients.
In the future, it is important to determine the dynamics of changes in the
morphological parameters of the erythrocytic mass of dogs for different periods of
its storage.
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Introduction. Biochemical processes of packed red blood cells (pPRBCs)
are of vital importance for understanding the pathophysiology of morphological
changes in erythrocytes during storage and the development of standards for
holding time and conditions of blood product storage. According to the
standards of humane medicine, a large concentration of extracellular
potassium can be accumulated in human pRBCs during storage. Therefore,
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the transfusion of such pRBCs to the recipient poses a risk of developing
hyperkalaemia. In humane medicine this is one of the reasons for the
significant restriction of the use of pRBCs at times after two weeks of storage.

At present, in veterinary medicine there are no studies on the dynamics
of potassium accumulation in canine pRBCs. There is also no research on the
dynamics of lactic acid (lactate) accumulation in canine erythrocytes at
different storage times that can be an important factor in the development of
lactic acidosis in recipients during the conduct of massive transfusions.

Aim of the study. The aim of this study was to determine the
concentrations of potassium and lactate in canine pRBCs at different storage
periods.

Materials and methods. The studies were performed at the
Department of Therapy and Clinical Diagnostics, National University of Life
and Environmental Sciences of Ukraine and in the department of the animal
blood bank, "Zoolux" Veterinary Clinic, Kyiv. In our studies, the canine pRBCs
with different storage periods were used.

Packed red cells were obtained according to generally accepted standard
techniques using donor dogs 2-7 years of age, which had a body weight of at least
25 kg. Before each blood sampling, the donor dogs underwent a general clinical
examination. With satisfactory results of clinical studies, blood was sampled from
the donor dogs for babesiosis and microfilaraemia tests. Also, in the blood of each
donor dog before donation, the number of erythrocytes and leukocytes and HCT
were determined. Blood sampling was carried out from the jugular vein of the
animal using special containers with anticoagulant CPDA-1, which includes citric
acid, dextrose monohydrate, sodium citrate, sodium dihydrogen phosphate and
adenine. The whole blood separation was carried out by centrifugation for 20
minutes at 2500 rpm followed by blood plasma extraction. After the separation, the
packet with the pRBCs was marked, noting the identification number of the donor,
the date of sampling and the volume. The end of the infusion tubing line was
sealed.

According to the recommendations of Animal Blood Resources
International, the packet with pRBCs was placed in special refrigerating
chambers in a vertical suspended position at a temperature of +1 ... +6°C [1].
Each day packages were examined for haemolysis of erythrocytes, a change
in the colour of pRBCs, the appearance of clots, and thoroughly mixed.

Fifteen packets with pRBCs, which was obtained from different donor
dogs, were used for the study. Concentrations of potassium and lactate in
each sample on the day of pRBC sampling (the 1% day) as well as on the 7,
14, 21, 28 and 35 days of storage were the control points.

Plasma for determining the concentration of potassium and lactate in it
was obtained by centrifuging a tube with 2 ml of pRBCs for 10 minutes at 3000
rom. Determination of potassium and lactate content in plasma was carried out
using a semi-automatic biochemical analyzer Statfax 4500.

Results. Potassium and lactate concentrations in the obtained canine
pRBCs (the 1! day) were 3.89 + 0.16 mmol / L (3-5.3 mmol / L) and 1.8 + 0.07
mmol / L (1.5-2.3 mmol / L), respectively, as shown in Table 1.
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1. Potassium and lactate content in the canine pRBCs with different
periods of their storage, M+ m, n=15

Potassium, mmol/L Lactate, mmol/L
Dav of difference difference
pR)L;,Cs as as as as
compa- compa- compa- compa-
:teorzige general | dwith | redwith | 9@ | reqwith | red with
previous | the 1% previous | the 1%
result day result day
3.89+0.16 - - 1.8 +0.07 - -
7 44 +0.16* 0.51 0.51 072'21:‘:,* 54 54
5.07 + 121+
14 0. 21 %% 0.67 1.18 0 %% 4.9 10.3
6.04 + 16.3 +
21 0.26** 0.97 2.15 0. 5% 4.2 14.5
717 + 18.2 +
28 0 3% 1.13 3.28 0. ks 1.9 16.4
8.25 + 19.3 +
35 0. 26+ 1.08 4.36 0. D5 1.1 17.5

Notes: *p < 0.05; **p < 0.01; ***p < 0.001 in comparison with the 1% day of pRBCs
storage

On the 7" day of canine pRBC storage, the concentration of potassium
increased 1.13 times and was 4.4 £ 0.16 mmol / L (3.2-5.6 mmol / L), and the
concentration of lactate increased 4.0 times and was 7.2 + 0.21 mmol / L (5.9-
8.5 mmol / L).

On the 14" day of storage, the concentrations of potassium and lactate
in the canine pRBCs were 5.07 £ 0.21 mmol /L (3.9-7.1 mmol /L) and 12.1
0.2 mmol /L (11.1-13.5 mmol/L), respectively.

On the 21%, 28" and 35" days of the pRBC storage, the concentration of
potassium in it increased to 6.04 + 0.26 mmol /L (5-8.9 mmol /L), 7.17 £ 0.3
mmol /L (5.1-9.4 mmol /L) and 8.25 + 0.26 mmol /L (7.0-10.6 mmol /L),
respectively.

But on the 21%, 28" and 35" days of pRBC storage the concentration of
lactate in it was 16.3 £ 0.25 mmol /L (14.9-18.0 mmol /L), 18.2 + 0.22
mmol /L (17.2-20.2 mmol /L) and 19.3 £ 0.25 mmol /L (18.0-20.9 mmol / L),
respectively (see Table 1).

Thus, during the period from the 1% to 7" days, the concentration of
potassium in the canine pRBCs increased by 0.51 mmol /L; from the 7" to
14" days by 0.67 mmol / L; from the 14" to 21 days by 0.97 mmol / L; from
the 21° to 28™ day by 1.13 mmol / L; and from the 28" to 35" days by 1.08
mmol / L (Table 1, Fig. 1).

From the 1% to 7" day, the concentration of lactate in the canine pRBCs
increased by 5.4 mmol / L in comparison with the previous measurement; from
the 7" to 14™ days by 4.9 mmol / L; from the 14™ to 21 days by 4.2 mmol / L;
from the 21 to 28" day by 1.9 mmol/L; from the 28" to 35" day by 1.1
mmol / L (Table 1, Fig. 2).
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Potassium, mmol/L

1 7 14 21 28 33
pRBC storage period, days

Fig. 1. Dynamics of potassium content growth in canine pRBCs during
storage, mmol /L, n=15

Lactate, mmol/l

1 J 14 21

pRBC storage period, days

Fig. 2. Dynamics of lactate content growth in canine pRBCs during
storage, mmol /L, n=15

To maintain shape, ability to deform, phosphorylate membrane
phospholipids and proteins, provide transport function of membranes,
synthesize purine and pyrimidine nucleotides, and synthesize glutathione,
erythrocytes need energy in the form of ATP [4].

Mature erythrocytes have no mitochondria, so the only source of energy
for them is the anaerobic breakdown of glucose (glycolysis) using the
Embden—Meyerhof pathway. During this process, glucose is converted to
pyruvate, then followed by lactate, which results in the formation of 2
molecules of ATP and lactate per each glucose molecule.

An enzyme that catalyzes the conversion of fructose-6-phosphate to
fructose 1,6-diphosphate and regulates the rate of glycolysis in circulating red
blood cells is phosphofructokinase (PFK) [5]. ATP is not only a substrate but
also an inhibitor of PFK. When the hydrolysis of ATP is slower than its
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synthesis, it is attached to the allosteric center of PFK and reduces its affinity
for fructose-6-phosphate. The concentration of ADP and AMP increases in the
event of intensive use of ATP. They act as activators, weakening the effect of
ATP on PFK-1. Thus, the activity of phosphofructokinase is regulated in all
tissues, including in erythrocytes. Moreover, when blood is stored, the
dominant inhibitor of PFK is the activity of hydrogen ions, the level of which
increases in the course of accumulating lactic acid in pRBCs [6].

Due to prolonged inhibition of PFK and glycolysis by active hydrogen
ions, red blood cells can produce a sufficient amount of ATP to meet metabolic
needs. As soon as the concentration of ATP decreases, the activity of
erythrocyte K'-Na* ATPase, the stability of membrane, the processes of
glucose transport, the level of protective mechanisms from oxidative stress
and the distribution of membrane phospholipids also sharply decrease [5]. This
can lead to the destruction of the phospholipid membrane of erythrocytes, their
oedema and the release of free haemoglobin.

Because of the rapid loss of ATP followed by the inactivation of K'-
Na"ATPase in human erythrocytes, a rapid increase in potassium content in
the supernatant of pRBCs is observed after 14 days. Transfusion of the
pRBCs with a high content of potassium to the recipient can lead to the
appearance of cardiac arrhythmias, and sometimes to the death of the patient
[8]. However, in the process of canine pRBC storing, based on the results of
our studies, the potassium level in most cases has a small growth rate. The
highest level of potassium we observed in the canine pRBCs was 10.6
mmol / L. Given that the ordinary maintenance infusion solutions should have
a potassium content of 15-30 mmol / L, the potassium content obtained in our
test samples makes it possible to conclude that transfusion of the pRBCs even
with a 35-day storage period will not cause a clinically pronounced
hyperkalaemia in the animal [2, 3]. An exception may be patients who have
hyperkalaemia even before carrying out blood transfusion, e.g. in the event of
anuria or severe acidotic conditions. Significant electrolyte disorders can occur
only during massive blood transfusions in the event of transfusion of 50 % or
more of the circulating blood volume.

A slight increase in the potassium content in the pRBCs at different
storage periods confirms the low potassium concentration and low Na'-
K*ATPase activity in the erythrocyte plasmalemma in dogs [7]. However, dogs
of some breeds (Japanese and Korean breeds) have a high level of potassium
in erythrocytes due to high activity of Na*-K'ATPase. In the process of
obtaining pRBCs from donor dogs belonging to these breeds and further
pRBC storage there is a high risk of rapid buildup of the level of potassium in
the pRBCs. Thus, in the studies performed it was found that potassium
concentration in erythrocytes of these breeds can be up to 70 mmol/L, and the
development of haemolysis when storing their pRBCs leads to a rise in the
level of potassium in plasma up to 24 mmol /L [9]. Therefore, dogs of these
breeds should not be employed for the donor programme.

The accumulation of lactate in the pRBCs makes it possible to draw
conclusions about its energy level. As can be seen from the results of our studies,

141



the greatest rise in lactate concentration in the pRBCs is observed during the first
three weeks of their storage. It should be noted that the dynamics of growth of
lactate concentration in the canine pRBCs slows down on weekly basis. As
indicated above, the intensity of glycolysis in erythrocytes is regulated by the level
of hydrogen ions at the expense of the concentration of lactic acid. With a
decrease in the level of ATP in the pRBC, the activity of phosphofructokinase
increases, as a result of which glycolysis is increased. This, in turn, leads to a rise
in lactate concentration, which gradually inhibits phosphofructokinase and reduces
the rate of glycolysis. Rapid growth of lactate concentration in the canine pRBCs
after 3 weeks of storage indicates a cessation of glycolysis processes, a
catastrophic deficiency of ATP, and the onset of destruction of the cytoplasmic
membrane of erythrocytes. At the same time, the lactate concentration in the
canine pRBC at the level of 19.3 mmol / L even on the 35™ day of the study is safe
for transfusion it to the majority of critical patients because the level of lactate in the
isotonic Ringer-lactate solution, which is a solution for maintenance around-the-
clock infusion, is 28 mmol / L.

Conclusions

1. During the storage of canine pRBCs, the concentration of potassium
tends to raise. However, the concentration of potassium at the level of
8.25+ 0.26 mmol /L in canine pRBCs at the 35-day storage period in most
cases will not cause significant electrolyte disturbances in the recipients, which
is explained by the low activity of the erythrocyte plasmalemma Na*-K*ATPase
in the majority of dogs.

2. The concentration of lactate rapidly increases in the canine pRBCs
during the first three weeks of storage, after which the dynamics of growth
significantly declines. This indicates the cessation of metabolic processes in
erythrocytes and the onset of destruction of their plasma membranes. The
concentration of lactate in the pRBCs even on the 35th day of its storage
(19.3 £ 0.25 mmol / L) does not exceed the lactate content in solutions used
for twenty-four-hour infusion therapy of patients.

Prospects for further studies. Further studies on the dynamics of
changes in morphological parameters of erythrocytes in the process of storing
canine pRBCs and conducting clinical studies to determine the safety and
effectiveness of blood transfusion to recipients using canine pRBCs with
different storage periods are promising.
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OUHAMIKA OEAKUX BIOXIMIYHUX MOKA3HUKIB EPUTPOLIMTAPHOI
MACU COBAK Mia YAC 3BEPIFAHHA

M. I. LiBinixoBcbkum, I. M. Akumuyk, A. O. MakapiH,
0. M. Akumuyk, M. O. MapuHiok

AHoTauisa. 3rigHo cTaHAapTiB ryMaHHOI MEOUUMHN, B epUTPOLMTAPHIA Maci
noavHn  nig vac 36epiraHHs MOXe HakonmuyyBaTUCSl BEnMKa KOHLUEHTpauis
nosaknituHHoro  Kanito. Tomy nig 4ac TpaHCy3ii  peuunieHTy  Takol
epUTPOLMTapPHOI Macu iCHye pu3uK PO3BUTKY rinepkarniemil. Lie € ogHieto 3 npuymH
3HAYHOro OOMEXEHHST BUKOPUCTAHHST €pUTPOLMTAPHOT MacK y ryMaHHii MeauLMHI
IHKONMM BXe 4epe3 aOBa TWxkHI 30epiraHHsa. Y BeTepuHapHin MeauuuHi Hemae
AocnipKkeHb LWoAO0 AMHAMIKKM HakonuyeHHs Kanito i nakraty B epuTpoumTapHin
mMaci cobak. MeTowo pgocnimkeHHs1 BGyno BU3HAYEHHs1 KOHUeHTpauil Kanito Ta
naktaty B epuTpoumTapHin maci cobak 3a pi3HMX TepMmiHiB Ti 36epiraHHs. B
pe3ynbTaTi JoCnimpKeHb BCTAHOBMEHO, WO KOHUEeHTpauis Kanito BnpogoBx 35-
noboBoro TepmiHy 30epiraHHs epuTpoumMTapHoi Macu cobak AOCTOBIPHO
36inbwunaca 8 2,1 pasun 3 3,89+0,16 mmonb/n oo 8,12+ 0,26 mmonb/ N, a
naktaty — B 10,7 pasiB 3 1,8+0,07 mmonb/n go 19,3+0,25 mmonb/n 3
noganblWnM  LWBUOKMM  3HWKEHHSM  BKasaHMX MOKasHuKiB nicns 21 gobwu
36epiraHHs epuTpoumTapHoi mMacu. BctaHoBneHo, WO KOHUeHTpauis Kanito Ta
nakTaTty B eputpoumuTapHin maci cobak Ha 35 goby 3bepiraHHs € 6e3neyHoto ons i
TpaHcdy3il TBapuHaM. binbLue Toro, piBeHb NakTaTy B epuUTpoLMTapHin Maci cobak
MOXE BMKOPUCTOBYBATUCS K KPUTEPIN 1T NpuaaTHOCTI Ans TpaHcdy3il nauieHTam.
Ha nepcnektnBy BaXnMMBMM € BWU3HAYEHHS AOWHAMIKM 3MIH MOPEOMOrivYHNX
MOKa3HWUKIB epuUTpoLIMTapHOI Macy cobak 3a pidHMX TEPMIHIB i 36epiraHHsi.

Knro4oei cnoea: cobaku, epumpouyumapHa maca, Kasiu, jakmam,
anikonis, gpocghoppykmokiHa3a

ANHAMUKA HEKOTOPbLIX BUOXUMUYECKUX MOKA3ATEINEN
SPUTPOLIUTAPHOU MACCbI COBAK BO BPEMA XPAHEHUA

H. 1. UBunuxoBcbkun, U. H. Akumuyk, A. O. MakapuH, O. H. AKMMuyK,
H. A. MapbIHIOK
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AHHOmauyusi. CoznacHo cmaHOapmam 2ymaHHoOU MeOUUUHbI, 8
apumpouumapHol  Macce 4esiogeka 80 6pPeMsi  XpPaHeHUsl  Moxem
Hakarnnueambcs 6onbwas KoHUeHmpauusi aHekriemoy4Hozao Kanus. lNoamomy
80 e8peMs mpaHcghy3uu peuyurnueHmy makou aspumpoyumapHou macchl
cywecmesyem puCK pa3gumusi aurnepkanuemuu. 3mo sensgemcsi 0OHoU U3
MPUYUH 3Ha4YumesibHo20 O2paHU4YeHUs UCMOoIb308aHUs 3pumpouumapHouU
maccbl 8 2yMaHHOU MeOuuyuHe uHozda yxe 4depeld 0ge Hedernu xpaHeHus. B
gemepuHapHol MeduuyuHe Hem uccredosaHuli no OUHaMUKe HaKoMIeHUs
Kanus u nakmama e sapumpouumapHou macce cobak. Llenbto uccrnedosaHusi
661510 onpederieHUe KoHueHmpauyuu Kanus u nakmama e apumpouyumapHou
macce cobaK rpu pasrniuyHbIX CpoOKax ee XpaHeHus. B pesynbmame
uccriedogaHull ycmaHo8/IEHO, YmMoO KoHueHmpauusi Kanus e meuyeHue 35-
OHEBHO20 CpOKa XpaHeHusi 3pumpouumapHol Maccbl cobak OOCMO8EPHO
yeenuyunack 8 2,1 pasa—c 3,89 £ 0,16 mmosib /11 00 8,12 £ 0,26 mmonb / 11, a
nakmama — e 10,7 pa3 ¢ 1,8 £ 0,07 mmons /n 0o 19,3 £ 0,25 mmonb /1 ¢
rnocnedyrowum 6biICmpbIM CHUXEHUEM yKa3aHHbIX rokazamerseu nocre 21
OHS1 XpaHeHUs1 apumpoyumapHoU Macchkl. YcmaHo8/1eHo, Ymo KOHUeHmpauus
Kanus u nakmama e apumpouyumapHou macce cobak Ha 35 cymku xpaHeHus
sensiemcsi 6e3zonacHol 0nsi ee mpaHcgy3uu Xu8omHbIM. bornee moeo,
ypOBEHb  flakmama 8  aJpumpoyumapHol  macce cobak  Moxem
ucriosib308ambCsl  Kak Kpumepul ee npusodHocmu Ons repenueaHus
nayueHmam. B nepcriekmuge 8axHbiM sierisiemcs oripedesieHue OUHaMUKU
UsMeHeHul Mopghosioaudeckux rokasamesiel apumpouyumapHoU Macchl
cobak rpu pasruyHbIX CPOKax ee XpaHeHUus.

Knro4deeblie cnoea: cobaku, apumpouumapHasi Macca, Kanul,
Jlakmam, 211uKkonu3s, gpochogppykmokuHanasa
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