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Aim. To evaluate the effect of adding N-acetylcysteine (NAC) to SAGM (adenine-glucose-mannitol
saline) solution on the electrolyte composition and pH of canine erythrocytes during hypothermic storage.
Material and Methods. Red blood cells were stored in SAGM solution with or without NAC at 4-5 °C.
The concentrations of sodium, potassium, chloride, and pH were determined on days 0, 7, 21, and 35 of

storage.

Results. The sodium concentration increased in both groups, slightly less in the experimental group
with NAC. The accumulation of potassium was less pronounced in the NAC-supplemented group. Chloride
levels remained stable, and pH decreased, particularly in the experimental group.

Conclusions. NAC contributes to the stabilization of the electrolyte environment during storage, in

particular to potassium retention and pH control.

Key words: erythrocytes, hypothermic storage, electrolyte balance, N-acetylcysteine, antioxi-

dant protection.

Hypothermic storage of red blood
cells is an essential practice in veterinary
transfusion medicine, allowing for the long-
term preservation of donor blood. Despite
the effectiveness of this approach, storage at
4-5 °C leads to a gradual deterioration of red
blood cell integrity due to metabolic changes
and oxidative stress [1]. During storage,
red blood cells undergo changes in volume,
shape, membrane deformation, and metabolic
profile, including progressive ATP depletion
and lactate accumulation, which impair their
functionality. When choosing red blood cell
storage conditions, maintaining an optimal
pH level and regulating electrolyte gradients
play an essential role. These parameters affect

the efficiency of gas exchange and provide the
necessary conditions for the stability of red
blood cell function [2].

Potassium (K*) is the principal intra-
cellular cation and plays a fundamental role in
maintaining cell membrane potential, osmotic
balance, and enzymatic activity. During
storage, erythrocytes tend to lose K* to the
extracellular environment due to changes in
membrane permeability and energy depletion.

Sodium (Na*), which is usually maintained
at a low level within canine red blood cells,
tends to accumulate during storage, altering
the osmotic balance and indicating membrane
instability. Chloride (C17), a key anion, is also
involved in regulating pH and fluid balance.
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A decrease in pH during storage leads to
the accumulation of lactate and a reduction
in buffer capacity, which negatively affects
the enzymatic function and conformation
of proteins in red blood cells [3]. Therefore,
monitoring these parameters is essential for
assessing the quality of storage.

N-acetylcysteine (NAC), an antioxidant
and glutathione precursor, can help stabilize
red blood cell membranes and buffer the
intracellular environment. NAC acts as a
thiol group donor, reducing oxidative stress
and maintaining the structure of membrane
proteins. This study evaluates its effect
on the electrolyte profile and pH of canine
erythrocytes stored for 35 days.

This study aimed to evaluate the effect
of adding N-acetylcysteine (NAC) to SAGM
(adenine-glucose-mannitol saline) resuspension
medium on the electrolyte balance (Na*, K™,
Cl") and pH of canine erythrocytes during
35-day hypothermic storage.

Material and Methods

Whole blood samples were collected from
clinically healthy donor dogs and processed
within 2 hours of collection. Red blood cells
were obtained by centrifugation at 5000g for
7 minutes at 4 °C using blood bags equipped
with satellite storage containers. The plasma
was separated and frozen, and the erythrocyte
mass was resuspended in a standard
SAGM solution. The experimental group
was supplemented with NAC at a specific
concentration, while the control group was
kept in standard SAGM without NAC.

All samples were stored at 4—5 °C in a blood
storage refrigerator. Aliquots for analysis
were taken on days 0, 7, 21, and 35 of storage.

Biochemical parameters, including the
concentration of sodium (Na'), potassium
(K"), chlorine (Cl7), and pH, were evaluated
using an EL-5 electrolyte analyzer (Quertimed,
Ukraine).

The results were statistically processed
using the Statgraphics software package
(Manugistic Inc.; Statistical Graphics System,
USA). The data were presented in the format
M = SE (mean = standard error). Each series of
experiments was performed at least five times.

Results and Discussion

Electrolyte analysis of the resuspension
medium revealed dynamic changes
during 35 days of hypothermic storage of
erythrocytes. The sodium concentration

increased progressively in both the
experimental and control groups. On day O,
the Na* level was 159.6 = 1.3 mmol/1 in the
experimental group and 157.6 = 1.0 mmol/1
in the control group. On day 35, these values
increased to 165.4 = 0.7 mmol/]l and 167.75
+ 2.6 mmol/l, respectively. However, these
differences were not statistically significant,
indicating that NAC had no marked effect on
sodium accumulation.

A more pronounced difference was
observed in the concentration of potassium.
In the experimental group, K' increased from
3.48 = 0.3 mmol/]l to 3.75 = 0.21 mmol/1
within 35 days, while in the control group,
it increased from 3.51 = 0.26 mmol/1 to 4.59
+ 0.26 mmol/l. This statistically significant
increase (P < 0.05) in the control group reflects
a more substantial leakage of potassium,
probably due to membrane instability.
NAC supplementation seems to attenuate
this effect, indicating improved membrane
integrity.

During the 35-day hypothermic storage,
the chloride concentration in the resuspension
medium gradually decreased in both NAC-
treated and control samples. However, no
statistically significant differences were found
between the groups, indicating that the Cl~
dynamics remained relatively stable and within
the physiological range during storage. The pH
of the resuspending medium showed a steady
downward trend in both groups, indicating
acidification due to red blood cell metabolism.
In particular, the pH value decreased from
7.21 =£0.09 t0 6.77 = 0.24 in the NAC group
and from 7.35 = 0.07 to 6.62 = 0.025 in the
control group. Although acidification was
observed in both groups, the presence of NAC
helped to maintain a relatively higher pH level
on day 35.

These results confirm that the addition
of NAC can reduce the degree of electrolyte
imbalance caused by storage, in particular by
limiting potassium efflux and slowing the pH
decline. This highlights its potential role in
improving the quality of red blood cell storage
for clinical use.

The data on changes in Na“, K", Cl", and pH
levels over time are shown in the Figure.

Conclusions

During 35 days of hypothermic storage,
erythrocytes suspended in the SAGM medium
showed progressive changes in electrolyte
composition and pH. The addition of NAC
helped to stabilize the level of Potassium,
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Changes in the ionic composition of the SAGM resuspension medium with
and without NAC on days 0, 7, 21 and 35

significantly reducing its leakage compared to
the control group. Sodium levels increased in
both groups, but the addition of NAC slowed
the rate of accumulation, indicating improved
membrane stability. Chloride concentrations
remained within the physiological range,
regardless of treatment.

The presence of NAC mitigated the
acidification of the storage medium, with
pH values decreasing less than in the control
group.

These results support the potential use
of NAC as a protective agent to improve
electrolyte balance and maintain pH in stored
red blood cells. The results highlight the
potential of NAC as an effective additive to
improve the quality and shelf life of red blood
cells in veterinary transfusion practice.
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EJIEKTPOJIITHUY CTAH EPUTPOITUTIB COBAKH
I YAC TIIIOTEPMIYHOT'O SBEPITAHHSI
3 JOJABAHHSM N-AIIETHJIIIUCTEIHY

K.P. I'pebeniok, O.M. J[enucosa
Hep:xaBHuil 6ioTexHOJOTiUHNI YHiBepcuTeT, XapKiB, YKpaina
E-mail: karinavel451@gmail.com

Mema. Oniautu Buaus nogasauusa N-aneruaiiucteiny (NAC) no posunny SAGM (ameHiH-rII0K030-
MaHiTOJI-COJILOBUH PO3UYMH) Ha CKJAM eJeKTpoJiTy Ta pH epurpomuTiB cobak Imig yac rimorepmMiuHOro
3bepiranus.

Mamepiaau ma memodu. Epurponuru 36epiranu B posunui SAGM 3 NAC a6o 6e3 HbOro 3a
Temieparypor 4—5 °C. Konnenrparlii maTpiio, xaiiro, xaopuny ta pH susumavaau ma 0, 7, 21 ta 35
noby 36epiramus.

Pesyavmamu. Koumeurparnia HaTpito B 060x rpymax Oyja migBuIllleHa, AEINO0 MeHIIEe B
ekcuepuMeHTanbHi# rpymi 3 NAC. HakonunueHHsA KaJjiio 6yjio MeHINI BUPaKeHUM y TpPyIi,
aka orpumyBasa NAC. PiBeus xyjopupay 3ajaumiaBcs cTabiibHUM, a pH 3HuU3uBCS, 0COOJIMBO B
eKCIIepUMEeHTaJIbHINA rpyi.

Bucnosorx. NAC crnpuse crabdinisaiiii eeKTpoJiTHOTO cepeqoBHUIlia Hig yac 30epiraHHsa, 30KpeMa
YTPUMAaHHIO KaJIito Ta KOHTPoJio pH.

Knwmouwosi cnosa: epuTpoiuTu, rimorepMiune 30epiranus, ejJeKTpoJiTHuM 6anaHc, N-areTHamucTei ,
AHTHUOKCUTAHTHUHN 3aXUCT.
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