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PRESERVATION OF PROTEIN FRACTIONS AND HORMONES
OF PLACENTAL BLOOD SERUM AFTER FREEZE-DRYING

The preservation of placental blood serum (PBS) following freeze-drying was studied, factoring in the course of pregnancy in
parturient women. Placental blood was obtained from women with a physiological pregnancy, premature births, and con-
comitant autoimmune thyroiditis or hypertension. Serum was obtained by separating the supernatant after centrifugation
of placental blood. After freeze-drying, the concentration of total protein and the ratio of protein fractions in the PBS were
determined by the biuret method, and the levels of prolactin, human chorionic gonadotropin (hCG), alpha-fetoprotein (AFP),
cortisol and somatotropin (STH) were measured by the enzyme-linked immunosorbent assay. It was found that the compo-
sition of the PBS depended on the course of pregnancy. Extragenital pathology is accompanied by a redistribution of protein
fractions and changes in prolactin, AFE, STH and hCG levels. After freeze-drying the PBS from healthy parturients, the
studied parameters did not differ from those in native serum, whereas in cases of complicated pregnancy, changes in the ra-
tio of protein fractions were observed.
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Modern medicine, especially in military and emer-
gency settings, requires effective and logistically
convenient dosage forms suitable for use at all stag-
es of hospitalization. Lyophilized preparations meet
these requirements, as they are characterized by
high physical and chemical stability, a long shelf
life, no need for special storage conditions; their
minimal weight and volume facilitate transporta-
tion, while their rapid rehydration ensures ease of
use [32].

Traumatic brain injury (TBI) complicated by hy-
pothermia is a common problem among military
personnel and civilians in combat zones, particu-
larly in Ukraine. This is due to the fact that injuries

often occur in conditions of low temperatures, the
absence of adequate shelter, and complicated or de-
layed evacuation [6, 30]. A significant proportion
of victims sustain injuries against the background
of general hypothermia, as evidenced by the con-
sistent incidence of hypothermia among the
wounded [6, 10, 25, 30]. Hypothermia can signifi-
cantly exacerbate the consequences of TBI, contrib-
uting to the development of inflammatory process-
es, coagulopathy, microcirculatory disorders, and
an increased risk of secondary brain injury, making
this combination one of the most dangerous clini-
cal conditions in modern warfare. Furthermore,
hypothermia is an independent risk factor for mor-
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tality following combat-related injuries, being as-
sociated with increased mortality [6, 30] and poor-
er clinical outcomes in trauma patients [25, 29, 31].

Given the above, the current task is to improve
existing treatment approaches and search for inno-
vative multitargeted therapy methods. One of the
modern biomedical approaches to the effective res-
toration of damaged organs and regulatory systems
is the use of placental derivatives, particularly pla-
cental blood components such as cells, plasma, se-
rum, efc. These components possess unique thera-
peutic potential and play a critical role in the regen-
eration of damaged tissue by suppressing inflam-
matory reactions and apoptosis, inducing angio-
genesis, and activating regenerative processes [19,
22, 23, 27]. Placental derivatives have been shown
to possess immunomodulatory properties [16] and
demonstrate efficacy in the treatment of heart fail-
ure [21]. They have also been found to improve the
course of experimental encephalomyelitis [26],
ischemic stroke, experimental Parkinson’s disease,
and spinal cord injuries [13—15], stimulate the re-
generation of nervous tissue and exhibit neuropro-
tective properties [11]. These studies underscore
the potent multitargeted therapeutic effect of pla-
cental derivatives, which is mediated through re-
parative and regulatory processes.

The unique profile of biologically active sub-
stances of placental blood serum (PBS), including
proteins, hormones, cytokines, growth factors,
neurotrophic factors and immunomodulators, de-
termines its regenerative, anti-inflammatory, im-
munosuppressive, anti-apoptotic and neuroprotec-
tive properties [17, 23]. This provides a rationale
for the potential efficacy of PBS in mitigating the
consequences of concussive injury complicated by
hypothermia. Given the significant therapeutic po-
tential of PBS, ensuring the long-term preservation
of its biological properties remains a primary ob-
jective. Freeze-drying, as one of the most effective
methods for preserving PBS, can potentially ensure
the maximum stability of its components. However,
the efficacy of this process largely depends on the
initial composition of the source material. It is well
established that PBS composition is characterized
by high variability and is influenced by several fac-
tors, particularly the clinical features of pregnancy
and labor [5, 8, 20, 24]. This necessitates a rigorous
selection of placental blood samples for further ex-
perimental and clinical use, taking into account the
maternal medical history, the course of pregnancy

and childbirth, and the presence of gestational
complications.

Thus, given that both the course of pregnancy
and freeze-drying can affect the content of biologi-
cally active compounds in the PBS, which are po-
tentially capable of having a corrective effect in TBI
against the background of hypothermia, the aim of
the work was to study the safety of placental blood
serum after freeze-drying, taking into account the
course of pregnancy in parturient women.

MATERIALS AND METHODS

In the study, human PBS samples were used. The
experimental design was approved by the Bioethics
Committee of the Institute for Problems of Cryo-
biology and Cryomedicine of the National Acade-
my of Sciences of Ukraine. Human placental blood
we used, was procured from the umbilical vein of
postpartum placentas at 32-40 weeks of gestation,
with informed consent from the mothers, and in
accordance with the principles of the Declaration
of Helsinki adopted by the General Assembly of the
World Medical Association.

Placental blood was obtained from women in la-
bor in the following groups: with a physiological
course of pregnancy, women in labor with concom-
itant extragenital pathology (autoimmune thyroid-
itis (AT) or hypertension); and also in case of pre-
mature labor. Placental blood was collected using a
closed system without interference in the manage-
ment of labor, the postpartum period, or the med-
ical care of the newborn. Placental blood was
drawn from the umbilical vein after complete pla-
cental expulsion and cessation of umbilical cord
pulsation, then collected into dry sterile 50 ml vials.
To allow clot formation, the vials were kept at room
temperature for 4 hrs, followed by storage at 4 °C
for 10 hrs. After clot retraction, the samples were
centrifuged for 10 min at 785 g (TsLMN-R10-01-
Elekon, RF), and the supernatant (PBS) was col-
lected. A total of 32 PBS samples were obtained.
During sampling, gestational age, maternal medical
history, gestational complications, the course of la-
bor, and the newborn’s condition were recorded.

The serum was aliquoted into 1.0 ml cryovials
(Nunc, USA) and frozen at a cooling rate of 1 °C/min
to a temperature of —40 °C. The temperature inter-
val of -40...-35 °C, corresponding to the phase
transition of the serum into a solid state, was previ-
ously established by the method of thermomechan-
ical analysis [28]. This interval constitutes the op-
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timal range of final freezing temperatures for PBS,
theoretically ensuring the maximum preservation
of bioactive compounds during cryopreservation
and subsequent freeze-drying. Frozen PBS samples
were stored for one month at —40 °C and subse-
quently subjected to freeze-drying. The drying pro-
cess started at an initial temperature of -40 °C,
reaching a final temperature of 30 °C over duration
of 10 hrs, with an ultimate (residual) pressure of 10
Pa. The residual moisture content of the serum
samples did not exceed 2%. Reconstitution of the
PBS was performed immediately before the study
by adding distilled deionized water to a final vol-
ume of 1.0 ml.

To evaluate the stability of bioactive compounds
in native PBS samples compared to those subjected
to cryopreservation and subsequent freeze-drying,
we determined the concentrations of components
which, due to their biological properties, could po-
tentially contribute to the mitigation of damage
caused by blast-induced concussive injury.

The levels of prolactin, hCG, AFP, cortisol, STH,
and noradrenaline were determined by enzyme-
linked immunosorbent assay according to the in-
structions of commercial kits, using an "ELx
808"microplate reader (Bio-Tek Instruments, Inc.,
USA) and the "SUNRISE" microplate photometer
(TECAN, Austria). The total protein content and
the ratio of protein fractions in the PBS samples
were determined via the biuret method using a
commercial kit "Philisit-Diagnostica” (Ukraine)
and a ULAB 102UV spectrophotometer "ULAB
102UV" (Ulab, China).

Statistical analysis was performed based on the
sample size and data distribution. To compare
paired samples (n = 20; PBS samples of 38—40
weeks of gestation), the paired Student’s t-test was
used. For small sample sizes (n = 3 for PBS samples
from parturients with extragenital pathology and
n = 6 for PBS samples of 32 weeks of gestation), the
Wilcoxon signed-rank test was applied. Welch’s t-
test was used to compare independent samples with
unequal variances. Data analysis was conducted us-
ing Past software, version 3.25 (University of Oslo,
Norway). Results are presented as the mean + stan-
dard error of the mean (SEM). The critical level of
significance was set at p < 0.05.

RESULTS AND DISCUSSION

It was found that the total protein concentration in
PBS samples of 38—40 weeks of gestation was

60

52.96 + 1.46 g/L (Table 1), which was lower than
the reference values for adult peripheral blood se-
rum [1]. In PBS samples obtained from parturients
with preterm labor or concomitant extragenital pa-
thology (EP), the total protein concentration was
also lower compared to adult peripheral blood (Ta-
ble 1). The reduced total protein concentration in
the blood is physiological for pregnant women,
which, to some extent, explains its corresponding-
ly lower concentration in PBS.

The ratio of protein fractions in PBS samples ob-
tained from healthy parturients was consistent
across different gestational ages. However, a signif-
icant increase in the relative content of the a-2-glo-
bulin fraction was observed in PBS samples from
parturients with EP. This may be attributed to a
physiological demand for the correction of patho-
genetic changes. The a-2-globulin fraction contains
acute-phase proteins, which are involved in the in-
hibition of various non-specific plasma proteases,
the transport of cytokines, growth factors, and hor-
mones, as well as the development of immune and
inflammatory reactions, exhibiting predominantly
immunosuppressive effects.

The content of hormones in native PBS samples
from healthy parturients was consistent with the
literature data [4, 7, 33]. High levels of AFP, STH,
hCG, prolactin, and noradrenaline were determi-
ned. At the same time, the AFP concentration de-
clined as gestational age increased, which is attrib-
uted to the slowing of fetal and placental morpho-
genesis in late pregnancy. Thus, the mean AFP
concentration in PBS samples at 32 weeks of gesta-
tion was 154625.0 + 2463.0 ng/ml, whereas in sam-
ples at 38—40 weeks, it was 53491.0 + 808.9 ng/ml
(Table 1). These findings align with data indicating
a 30% weekly reduction in the mean AFP levels in
neonatal placental blood between 35 and 42 weeks
of gestation [4]. A decrease in STH levels was also
observed — from 31.3 + 1.5 ng/ml in PBS samples
at 32 weeks of gestation to 16.6 £ 0.9 ng/ml in those
at 38—40 weeks. This reflects a gradual decline in
STH levels starting mid-term, which is associated
with a reduced functional demand for high growth
factor levels prior to delivery [7]. Conversely, pro-
lactin levels increased during this period, rising
from 4642.0 + 61.0 mIU/] to 8778.0 £ 105.6 mIU/],
consistent with research on umbilical cord blood in
newborns from 23 to 43 weeks of gestation [33].

In PBS samples obtained from parturients with
AT, a significant reduction in the levels of hormo-
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Table 1. Total protein concentration, protein fraction ratios, and hormone levels in human placental blood serum

PBS of healthy parturients . .
Indicators (UOM)/Norm Gestation period Gestation period PBS of \,/,VZL ;v i AT h;;]iitzflzi\:;?:til 3
32 weeks, n=6 38—40 weeks, n = 20

Total protein (g/L)/65—85 49.24 £ 0.84 52.96 + 1.46 * 53.12 £ 0.54 62.1 +£2.02 #
Albumin (%)/56—66 65.91 66.98 59.19 61.44
a-1-globulins (%)/3—6 2.86 2.42 1.81 1.42
a-2-globulins (%)/7—10 6.21 4.95 12.43 %% 8.94*
B-globulins (%)/7—12 11.44 11.97 15.22 14.47
y-globulins (%)/13—19 13.58 13.68 11.35 13.73
Prolactin (mIU/L)/86—496 4642.0 £ 61.0 8778.0 £ 105.6 5148.0 + 66.1 * 9974.0 + 17.5
hCG (mIU/L)/less than 5 104.0 £ 6.3 113.0+ 6.4 98.3+£0.9 39.1+£0.7*
AFP (ng/ml)/less than 5 154625.0 +2463.0 | 53491.0 +808.9% | 32822.0 +413.7 * 27952.0 +61.4*
Cortisol (mcg/dL)/4.82—19.7 3.99 +0.36 4.17 £ 0.21 9.82+0.19* 8.17+0.11*
STH (ng/ml)/less than 2.1 31.3+1.5 16.6+09* 58+£0.2% 13.6 £ 0.1
Noradrenaline (pg/ml)/less 302.0 £ 11.9 267.0 £23.2 238.0 +19.3 296.0 £ 7.6
than 600

Notes: # — the difference is significant compared to the PBS of healthy parturients at 32 weeks of gestation; * — the
difference is significant compared to the PBS of healthy parturients at 38-40 weeks of gestation, p < 0.05.

nes associated with proliferative and regenerative
processes —specifically prolactin, AFP, and STH —
was observed against a background of elevated cor-
tisol. In PBS samples from parturients with hyper-
tension, a significant decrease in AFP levels and an
increase in cortisol were also noted, while the level
of hCG — a key reproductive hormone with im-
munosuppressive effects — was reduced.

Following storage at -40 °C and subsequent
freeze-drying, the total protein concentration and
the ratio of protein fractions in PBS samples from
healthy parturients showed no significant differ-
ence compared to native serum (Table 2).

In contrast, in PBS samples from parturients
with EP, changes in the ratio of protein fractions
were observed after freeze-drying (Table 2). Spe-
cifically, in PBS samples from parturients with AT,
the relative content of f-globulins decreased by 1.3
times, and a-2-globulins by 1.7 times, while the
content of a-1-globulins increased by 3.1 times.
Freeze-drying of PBS from parturients with hyper-
tension led to a 5.3-fold decrease in the relative
amount of 3-1-globulins and a 1.6-fold increase in
the proportion of a-globulins. The changes obser-
ved are likely associated with the combined effect
of physical stress factors during freezing and freeze-
drying, which may lead to alterations in the ter-
tiary and quaternary structures of proteins, as well
as their partial aggregation or degradation [2]. The

varying sensitivity of specific proteins (structural,
transport, regulatory, efc.) and protein fractions (al-
bumins, a-/p-/y-globulins) to such stresses may
also account for the shifts in their ratios following
freeze-drying.

The levels of the studied hormones in PBS sam-
ples from parturients with EP, following cryo-
preservation and freeze-drying, did not differ sig-
nificantly from the corresponding values in native
serum (Table 2). In PBS samples from parturients
with AT, a slight increase in prolactin, STH, and
cortisol levels was observed; however, these chang-
es did not reach statistical significance. According
to literature data, low-temperature storage of cer-
tain hormones (hormones of the insulin-like growth
factor family, steroid hormones) can lead to spe-
cific alterations in their levels, which are attributed
to modifications in molecular structure, progres-
sive dissociation of hormone-protein complexes in
frozen serum, or proteolysis [3, 12, 18]. At the same
time, studies have demonstrated no changes in the
levels of hCG, placental growth hormone, and
AFP (as well as their associated binding proteins)
during long-term serum storage. While the levels
of some of these hormones and binding proteins
decreased or increased during storage, these chang-
es did not exceed the inter-assay variation of the
enzyme-linked immunosorbent assay and re-
mained within the clinical reference range [9]. Cur-
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rently, the impact of low-temperature storage on
overall hormonal stability and the underlying
causes of their degradation in serum/plasma after
storage remain poorly understood and warrant fur-
ther investigation.

The findings indicate that EP in parturients, as
well as preterm labor, may be accompanied by de-
viations from physiological total protein concentra-
tions, imbalances in a-1-/a-2-/B-globulin ratios,
and alterations in the levels of prolactin, AFP, STH,
hCG, and cortisol in PBS. These changes result
from pathological states and adaptive stress within
the mother-placenta-fetus regulatory systems. Fol-
lowing freeze-drying, reconstituted samples of such
serum exhibit certain quantitative and qualitative
changes in their component profile, which could
potentially reduce the physiological activity of pro-
teins, peptides, and hormones, thereby diminishing

the therapeutic efficacy of PBS in subsequent ap-
plications.

CONCLUSIONS

The decisive criteria for selecting placental blood
serum samples for freeze-drying and clinical ap-
plication are the gestational age and the absence of
pre-existing or pregnancy-related extragenital pa-
thology. The cryotechnological approaches em-
ployed in this study ensure a high level of preserva-
tion for regenerative and regulatory compounds in
the reconstituted placental blood serum, which
confirms the promising potential of its use in clin-
ical and military medicine.

Future studies will be aimed at assessing the effi-
cacy of lyophilized placental blood serum in mitigat-
ing the consequences of mild blast-induced traumat-
ic brain injury complicated by hypothermia.
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3BEPEJKEHICTD BUIKOBMX ®PAKIIIN I TOPMOHIB CMPOBATKU ITJIALIEHTAPHOI KPOBI ITIC/IA
CYBJIIMALIITHOTO BUCYIIIYBAHHSA

Hocnimkeno 36epesxeHicTs cupoBaTky maneHTapHoi kposi (CIIK) micms cy6nimariiiHoro BUCyLIyBaHH:A 3 ypaxyBaH-
HSM Ilepebiry BariTHOCTI y mopogine. ITanjeHTapHy KpOB OTpUMYBaJIN Biff )KiHOK i3 ¢isionoriuHyuM nepebirom BariTHoOC-
Ti, IpY IIepefYacHyX IOJIOTaX, a TAKOXX 38 HAsIBHOCTI CYIIYTHIX ayTOIMYHHOTO THPEOIAUTY a60 rinepToHIYHOI XBOPOOIL.
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CupoBaTKy Ofiep>KyBaJIi IIJIAXOM BilOKpeM/IeHH: HaloCcafoBOI piIyHY Mic/A IeHTpUQyryBaHHA IJIalleHTapHOI KPOBi.
Micist cy6miManifHOro BUCYILIYBAHHs BU3HAYAIM KOHIIEHTPALI0 3arajJibHOrO OiKa Ta CIiBBiZHOIIEHHs OGiLIKOBMX
¢pakninn y CIIK 6iyperoBuMM MeTOOM, PiBHI IIPOIAKTHHY, XOpioHiYHOrO roHagorpominy mopuuu (XIJI), ansga-
¢deronporeiny (ADII), xoprusony Ta comarorpomnHoro ropmony (CTI) — meromoM iMyHO(depMEHTHOrO aHai3y.
Bcranosneno, mo ckmag CIIK sanexuts Bix mepebiry BaritHoOCTi. ExcTpareHiTaspHa IaTomorist CympoBOAXKYEThCS
nepeposnoginom 6inkoBux ¢pakiiit Ta 3sMiHoW piBHIB npomaktuny, A®II, CTT i XIJI. Ilicnsa cybmimarnifiHOro Bu-
cymyanHa CIIK 3mopoBux mopofinb AOCTiIpKyBaHi MOKA3HMKM He BifpisHAMNCA Bif HaTMBHMX, TOAi fAK 3a yc-
KJIaJiHEHOTO Iepebiry BariTHOCTI BUSIBIIEHO 3MIHU Y CIIiBBiZHOIIEHH] 61TKOBMX (QPaKIiil.

Kntouosi cnosa: cupoBatka ITaljeHTapHOI KPOBi, 3aMOPOXKYBaHHs, CyOniMaliiiHe BUCYLIyBaHH:A, 6i1KkoBi ¢paxuii,
TOPMOHI.
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