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Alpha-fetoprotein (AFP) is a multifunctional trans-
port protein with selective biological activity, char-
acteristic of human cord blood and valuable in 
terms of its therapeutic potential [5, 6, 10]. Re-
search fi ndings have shown that AFP can modulate 
immune responses, stimulate tissue regeneration, 
and suppress infl ammatory processes [5, 9]. Th is 
protein is used for treatment of autoimmune disor-
ders (for example, rheumatoid arthritis and mul-
tiple sclerosis), liver failure, as well as for accelerat-
ing wound healing and nervous tissue regeneration 
[3, 7]. In addition, AFP exhibits antitumor activity, 
making it a promising candidate for the treatment 
of oncological diseases [1, 5]. Considering these 
properties, the development of AFP-based thera-
peutics is an important objective of modern bio-
technology. Th e use of not only recombinant AFP 
but also extracts obtained from natural sources 
such as cord blood or placenta makes it possible to 
preserve the native structure of the protein and its 
biological activity.

Known approaches for isolating AFP from cord 
blood or abortive blood include fractionation with 
subsequent removal of cellular components. How-
ever, the reported data indicate that AFP exists 

both in free and bound forms, specifi cally, it as-
sociates with receptor complexes on cells of 
leukocytic origin and on hematopoietic stem cells, 
is detected in the cytoplasm as part of protein 
complexes, and also forms extracellular complexes 
with various ligands [2, 6]. In addition, it has been 
demonstrated that certain biologically active 
regions of the native AFP molecule are hidden 
within the globule and become accessible only aft er 
conformational modification induced by physi-
cochemical factors such as temperature, pH, and 
the ionic composition of the medium [6, 8]. From 
this perspective, investigating the efficiency of 
source material disruption under diff erent condi-
tions appears promising, as this may potentially 
infl uence the fi nal yield of the target product.

Th e aim of this study was to evaluate the effi  -
ciency of low-temperature modes of cord blood 
disruption and to assess the dependence of AFP 
yield in the extracts on the salt composition and pH 
of the extraction medium.

Human cord blood was collected during phy-
siologically normal deliveries at 38—40 weeks of 
gestation with informed consent from the donors. 
Whole cord blood (n = 3) was mixed with ex-
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traction media of varying salt composition and pH 
in a 1 : 4 ratio and incubated for 30 min at 18—
20 °C. Th e following extraction media were used: 
150 mM NaCl (pH 7.4 and 5.0), 150 mM KCl 
(pH 7.4 and 5.0), and 10 mM Tris-HCl (pH 7.4).

The obtained samples were subjected to cryo-
destruction by combining rapid — slow freezing 
modes followed by rapid — slow thawing in 5-mL 
containers. Rapid freezing was performed at a rate of 
30 °C/min to a fi nal temperature of –196 °C, and rapid 
thawing was carried out using a water bath at 38 °C. 
Slow freezing was performed at a rate of 1 °C/min in 
liquid nitrogen vapor, whereas slow thawing was 
conducted at room temperature (18—20 °C).

As controls, commonly used methods of cell 
disruption were applied: hypotonic lysis (10 mM 
Tris-HCl, pH 7.4, was added to the samples) and 
high-temperature disruption (samples were incu-
bated for 30 min at 70 °C). Th e samples were then 
centrifuged for 10 min at 11,000 g. Supernatants 
were collected and used to determine AFP content 
by a two-site chemiluminescent immunometric 
assay using the "IMMULITE 2000 AFP" reagent kit 
(Siemens Healthineers, USA).

Data are presented as mean ± standard deviation 
(mean ± SD, n = 3 donors per group). For each do-
nor, the value was averaged from three technical 
replicates. Statistical comparisons between groups 
were performed using the nonparametric Mann-
Whitney U test.

The results demonstrated that both low-tem-
perature modes markedly increased the AFP con-
tent in the extracts compared not only with ther-

modestruction but also with hypotonic lysis. As 
shown in the Table, the AFP content in extracts ob-
tained by hypotonic lysis was (47.7 ± 7.052) IU/mg 
of protein, which was at least twofold lower than 
aft er applying each of the 8 variants of low-tem-
perature exposure. Following thermodestructi-
on, AFP remained in the extracts only in residual 
amounts, as expected.

Diff erences in the parameter under study were 
observed when applying the rapid-freezing/rapid-
thawing and slow-freezing/slow-thawing modes 
aft er treatment with NaCl solution at pH 7.4. Spe-
cifi cally, the amount of AFP in the extract obtained 
after slow freezing and slow thawing was 32.2% 
higher than in the extract produced by rapid freez-
ing followed by rapid thawing (p ≤ 0.01).

Given the well-known sensitivity of AFP to 
conformational changes [6, 8], it is plausible that 
the applied temperature regimens and diff erent 
pH conditions may have contributed to modi-
fi cations of the protein’s tertiary structure, thereby 
infl uencing its biological activity. In this study, the 
functional activity of AFP was not evaluated; 
however, the reported data indicate that confor-
mational alterations can either activate hidden 
biologically active regions of the molecule or lead 
to partial inactivation, depending on the physico-
chemical conditions of the environment [6, 8]. 
Th erefore, optimization of extraction parameters 
aff ects not only the quantitative yield of the pro-
tein but may also be associated with modulation 
of its functional properties, which warrants fur-
ther investigation.

AFP content in human cord blood extracts under diff erent destruction conditions 
and varying salt and pH of the extraction medium

Extracting solution
AFP content, IU/mg protein

Rapid freezing — rapid thawing Slow freezing — slow thawing Th ermal destruction (70 °C)

NaCl
рН 7.4
рН 5.0

КCl
рН 7.4
рН 5.0

109.12 ± 19.9 *#

148.26 ± 21.5 *#

126.36 ± 40.6 *#

136.49 ± 25.2 *#

160.85 ± 22.5 *# **

124.16 ± 51.5 *#

123.34 ± 27.0 *#

177.75 ± 32.4 *#

10.98 ± 8.3 #

30.39 ± 3.0 ×

36.31 ± 3.3
13.67 ± 8.5 #

Hypotonic lysis 47.7 ± 7.05

Notes :  * signifi cant diff erences versus thermal destruction (p ≤ 0.01); # signifi cant diff erences versus hypotonic lysis 
(p ≤ 0.01); × signifi cant diff erences versus hypotonic lysis (p ≤ 0.05); ** signifi cant diff erences versus rapid freezing-
thawing in the corresponding extraction solution (p ≤ 0.05).
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Th us, the obtained data confi rm that the release 
of AFP from cord blood depends on the applied 
cooling — thawing regimens, as well as on the salt 
composition and pH of the extraction medium. 
Furthermore, the results of this study are consistent 
with the fi ndings of G.M. Fahy et al. [4], indicating 
that the most extensive disruption of cellular com-
ponents occurs during slow cooling of biological 
material within the water crystallization tempe-

rature range (particularly at the eutectic point of 
the solution) and recrystallization. These con-
clusions emphasize the importance of controlling 
both temperature and chemical parameters to op-
timize disruption and extraction processes, which 
is a key factor for further improvement of methods 
for preserving biological materials and obtaining 
high quality products for medical and biotech-
nological applications.
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