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THE INFLUENCE OF LOW-MOLECULAR FRACTION
FROM CORD BLOOD (BELOW 5 kDa) ON FUNCTIONAL
AND BIOCHEMICAL PARAMETERS OF CELLS IN VITRO
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The influence of a low-molecular fraction (below 5 kDa) from the cattle cord blood (CBF) on functional
activity of phagocytes, human embryonic fibroblasts, mesenchymal stromal cells and BHK-21 clone 13/04 and
PK-15 cells was studied. The low-molecular fraction added to culture medium increases the growth rate of
cell cultures. The incubation of leukoconcentrate in the CBF-containing medium results in an increase in
phagocytic indices of neutrophils in the presence of a phagocytosis inhibitor — sodium iodoacetate, leading to
a significant increase in intracellular glucose content and alkaline phosphatase activity as compared to the
control and the reference drug Actovegin®.
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rugs based on cord blood are successfully
D used at present in complex therapy of dis-

eases of different genesis. This is precondi-
tioned by the fact that cord blood contains a unique
balanced complex of specific placental factors,
which determine the fetus growth in ontogenesis
and regulate its metabolism. Besides, drugs based
on low-molecular components of cord blood, which
do not possess antigenic and pyrogenic features, ex-
clude side effects in the form of allergic reactions
and also the risk of virus diseases and arouse par-
ticular interest.

It was shown in the in vivo and in vitro studies
conducted earlier by the authors [1-3] that the low-
molecular fraction (below 5 kDa) from the cattle
cord blood (CBF) possessed apparent immune-
modulating and reparative effects. In particular, it
was determined that injection of CBF accelerated
healing of burns and gastric ulcers [4]. It was shown
in the experiments in vitro that the low-molecular
CBF stimulated the functional activity of human leu-
cocytes [1, 3].

The impact of the low-molecular fraction
(below 5 kDa) from the cattle cord blood on the
functional condition of different cell cultures and
metabolism of human leucocytes was studied in this
work in the in vitro experiments.
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Materials and Methods

The extraction of the fraction containing com-
ponents with molecular weights below 5 kDa from
the cryodestructed whole cattle cord blood was
performed by ultrafiltration [5] using a membrane
module Sartorius company (Germany). The peptide
content in CBF, determined by the method [6], was
9-10 mg per 100 g of dry weight. Actovegin® (40 mg/
ml), the drug produced by Nicomed company (Aus-
tria), was used as a reference drug.

The following cell cultures were used in the
work: human embryonic fibroblasts (HEF) on the
4-6" passages, mesenchymal stromal cells (MSC),
obtained from rat bone marrow, BHK-21 clone 13/04
line (kidney of newly-born Syrian hamster) and PK-
15 line (pig kidney). A standard cultivation condi-
tion for cell cultures was addition of 10% of fetal
bovine serum (HyClone) to the media: for HEF —
medium 199 (FSUE IPVE of M.P. Chumakova of
RAMS, Russia), for MSC — mixture (1:1) DMEM
and F12 (Sigma-Aldrich, USA), for BHK-21 clone
13/04 and PK-15 — DMEM (Sigma-Aldrich, USA).
Seeding concentration were: for HEF — 8-10-10%, for
MSC — 0.5-0.6-10%, for BHK-21 clone 13/04 — 6-8-10%,
for PK-15 — 7-9-10* cells per 1 ml of medium.
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Proliferation of cultures was evaluated by rela-
tion of the number of gathered cells to that of seeded
ones (index of proliferation). The cell number was
counted by the standard laboratory method in the
Goryayev chamber.

Adhesion properties of cell cultures were
evaluated by two indices: cell attachment and the
rate of cells spreading. The cell attachment was de-
termined by counting cells which were not attached
24 h after seeding [7]. The culture spreading rate
was determined by calculation of spindle-shaped
cells 1.5; 3; 5 and 24 h after seeding. Cell monolayer
was fixed in the above-mentioned terms, stained by
Karachi hematoxylin and 0.1% eosin solution. The
evaluation was performed visually by light micros-
copy.

To determine mitotic activity of culture, cell
monolayer was fixed every 24 h and stained by Ka-
rachi hematoxylin. Mitotic activity was determined
by the total number of dividing cells per 1,000 cal-
culated ones. The indiex of mitotic activity (mitotic
index — MI) was expressed in per mille (%o) [§]

Leukoconcentrate was obtained from human
donor blood by sedimentation of erythrocytes in
dextran solution [9]. Phagocyte activity was inves-
tigated by the method [10]. To estimate phagocytic
activity we used a one-day inactivated Staphylococ-
cus aureus culture, strain no. 209 (2-10° cell/ml), as
a phagocytosis item. The following parameters were
chosen as indices for estimation of phagocytic ac-
tivity: percentage of phagocyting neutrophils and
monocytes (phagocyte index, PI), average number
of engulfed bacteria per one phagocyte (phagocy-
tic number, PN) characterizing engulfing capac-
ity of cells after 45 or 120 minutes of incubation,
and index of phagocytosis completeness (IPC)
characterizing digestion activity of phagocytes. The
index of phagocytosis completeness was calculated
as the following fraction: phagocytic number after
45-minute incubation/phagocytic number after 120
minutes incubation. To inhibit phagocyte activity
of neutrophils, colchicine (100 uM) [11] or sodium
iodoacetate (1 mM) [12] was added to suspension of
leucocytes. CBF and Actovegin, the reference drug,
were added in concentrations of 0.15 and 1.50 mg/
ml, respectively [3].

To determine glucose content donor blood leu-
cocytes (2107 cells/ml) were preliminarily incubated
for 15 min at 37 °C in glucose-containing medium
(20 mM) with addition of CBF (the final concentra-
tion was 0.15 mg/ml [3]) or Actovegin® (the final
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concentration was 1.50 mg/ml [3]). To inhibit glucose
transporter GLUT-1, cytochalasin B (10 uM) (Sig-
ma-Aldrich, USA) was added to suspension of leuco-
cytes [13]. The method of gel filtration on a column
was used to remove extracellular glucose, which is
contained in the incubation medium of cells. The cell
suspension was further filtered through the column
filled up by Sephadex G-25 (Pharmacia, Sweden).

The authors added 30 pl of 1% Triton X-100
solution to cell suspension after filtration and de-
termined glucose content by the glucose oxidase
method using a kit of reagents to determine glucose
content in biological liquids of Filicit-Diagnostika
Company (Ukraine) [10]. Glucose content was ex-
pressed in umol/10° cells.

To study activity of alkaline phosphatase,
leucocytes (3.5-107 cell/ml) were preliminarily in-
cubated for 30 min at 37 °C in medium with CBF
(0.15 mg/ml) or with Actovegin (1.50 mg/ml) in the
presence or absence of Staphylococcus. Activity of
alkaline phosphatase was determined by spectro-
photometry [14]. The choice of incubation period is
based on the experimental studies [15] and corre-
sponds to the maximum enzymatic activity during
the development of the phagocytic reaction. Alkaline
phosphatase activity was determined spectrophoto-
metrically according to the manual of the Kit rea-
gents for the determination of alkaline phosphatase
activity in biological fluids (Phyllis-Diagnostics,
Ukraine) and expressed in pkat/l of cell lysate (cor-
responding to 3.5:10° cell/l) [15]. The experimental
data were statistically processed by the non-paramet-
ric Mann—Whitney test. The results are presented as
M = m. Significance level was 0.05.

Results and Discussion

The growth rate of cell cultures was studied to
assess the CBF influence on their functional condi-
tion. Influence of different CBF concentrations on
proliferative indices of cell cultures was estimated
in the first stage of our work. CBF added to HEF in
the concentration of 56 pg/ml stimulated prolifera-
tion by 47.6% after 96 h of growth and in the con-
centration of 224 pg/ml — by 78% (Fig. 1). CBF in
the concentration of 56 pg/ml stimulated MSC pro-
liferation after 72-h cultivation by 13.4%, but in the
concentrations of 112 and 224 pg/ml — by 23% in
comparison to the control. At addition of CBF in the
concentration of 56 pg/ml the number of BHK-21
clone 13/04 cells exceeded the control by 89% after
96 h of incubation, in the concentration of 224 pg/ml
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Fig. 1. The proliferative indices of cell cultures after addition of CBF in different concentrations to cultivation
media. *Differences are significant in comparison with the corresponding control, P < 0.05

— by 70%, but in the case of PK-15 line — by 40.5%
and 31.5%, respectively.

The performed studies allowed us to establish
the stimulating influence of CBF on proliferation of
cell cultures and to reveal the fact that cells of the
cultures studied in this work have different sensibili-
ty to CBF addition to cultivation media.

The study of separate growth stages of cell
cultures, namely, adhesion and mitotic division of
cells, showed the following. The cell attachment of
different cultures at CBF addition to the cultivation
media remains unchanged (Table 1).

We studied the spreading rate in HEF culture;
its cells take a distinct spindle shape when the pro-
cess is completed. CBF addition in the concentration
of 224 pg/ml increased the cell spreading rate. After
3-h cultivation the number of spindle-shaped cells in
this variant was higher than in the control by 15.4%,
but after 24-h cultivation — by 13.6%.

Thus, the increase of HEF spreading rate at
CBF adding may be related both to the impact on
energetic metabolism, which leads to improvement
of cells provision with ATP energy, and to stimula-
tion of this process by growth factors.

After reaching their maximal spreading and
formation of characteristic morphology, the cells
become sensitive to mitogen action [16]. We studied
CBEF influence on mitotic activity on BHK-21 clone
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13/04 line. MI in the variant of CBF addition in the
concentration of 56 pg/ml was 30.67 + 2.18 after
24-h cultivation, 56.00 £ 2.00 after 48-h cultivation,
and 40.40 £+ 1.66 after 72-h cultivation, which ex-
ceeded the control values in the above-mentioned
terms by 64, 55 and 20.5%, respectively. The results
obtained show an earlier start of cell mitotic divi-
sion and increase of culture mitotic activity under
CBF influence. The increase of mitotic activity was
also determined for MSC. MI on the peak of mitotic
activity (72-h cultivation) under CBF influence was
18.5 & 1.7 that exceeded the control by 28%.

Generalizing the obtained results on CBF
influence on the cell culture growth rate, we may
draw the following conclusions: CBF accelerates
processes of culture adhesion, activates the start of
culture mitotic division and stimulates their mitotic
activity.

To determine mechanisms of CBF influence on
the functional activity of cells the CBF influence on

Table 1. Cell attachment after 24 h of cultiva-
tion, %

Culture Control with CBF
HEF 59.0 3.0 63.0+0.6
BHK-21 clone 13/04 90.2+04 89.0+0.7
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cell metabolism was studied using inhibitors. CBF
impact on phagocyte indices of donor blood leuco-
cytes was determined in our earlier studies in vitro
[1]. It was shown that CBF stimulated phagocytic ac-
tivity of frozen-thawed neutrophils and monocytes
in 10-fold less concentration (0.15 mg/ml) as com-
pared to Actovegin drug (1.5 mg/ml).

The phagocyte activity of donor blood neu-
trophils was studied in vitro in the presence of a
phagocytosis inhibitor, cholchicine with the aim to
reveal mechanisms of the influence of low-molecular
CBF and the reference drug Actovegin. The results
showed that CBF or Actovegin addition did not sig-
nificantly affect the indices of phagocyte activity of
cells decreased under the inhibitor influence. Con-
sidering the fact that colchicine disrupts polymeriza-
tion and reorientation of cytoskeleton micro-tubes,
our results permit assuming that CBF and Actovegin
do not renew damaged structures of plasma mem-
brane or cytoskeleton during phagocytosis (Table 2).

It is known that activation of leukocytes in-
duces glycolysis and engagement of cytoplasmatic
glycogen pool. Taking into account that glycolysis is
one of the main sources of energy, which is neces-
sary for the basic phagocytosis stages, in the next
series of experiments we incubated leukocyte con-
centrate in the presence of a glycolysis inhibitor so-
dium iodoacetate to clarify mechanisms of CBF and
Actovegin influence on energetic metabolism. After
adding this inhibitor to the medium of leucocyte in-
cubation, a significant decrease in all the phagocyte
indices of neutrophils was observed. CBF or Ac-
tovegin addition to the incubation medium contain-
ing the inhibitor promoted an increase in the phago-
cyte activity of neutrophils (Table 3).

It may be presumed that this effect is attribu-
ted to competition of sodium iodoacetate with low-
molecular components of CBF and Actovegin for
binding with active centers of key enzymes of gly-
colysis. On the other hand, taking into account the
data on mechanism of Actovegin action targeted to
the activation of glucose transport to cells [17], we
studied CBF influence on this process. Our results
showed that after cells incubation in the medium
with CBF or Actovegin glucose content in leuco-
cytes significant increased 13 and 8.7 times as com-
pared to the appropriate control (Fig. 2).

The obtained results allow us to presume that
CBF intensifies energy metabolism of leucocytes
through increase in the flow of energetic substrate,
the basic one for this type of cells. To determine
mechanisms of the CBF effect on glucose accu-
mulation in cells, a series of experiments with
using cytochalasin B was conducted. As known,
cytochalasin B, in addition to its inhibitory effect
on cytoskeleton, is capable of inhibiting the trans-
port of glucose into cells by blocking the glucose
transporter family GLUT, namely GLUT-1 and
GLUT-2 [18-22]. It should be noted that the major
glucose transporter for leukocyte lineage is GLUT-1
[23, 24]. Fig. 2 shows that after treatment of cells
with cytochalasin B CBF does not lead to an in-
crease in intracellular glucose content as compared
with the control (Cyto B). Incubation of leukocytes
in CBF-containing medium without inhibitor con-
tributed to the 13-fold increase in the index relative
to the control. Based on this, it can be assumed that
the mechanism of action of CBF in glucose accumu-
lation by leukocytes associated with its effects on
GLUT transporter family via enhancing their activi-

Table 2. Impact of CBF and Actovegin in the presence of colchicine on indicators of phagocyte activity of

neutrophils of leukocytes concentrate

PL, % (45-min PI, % PN, abs. PN, abs. unit
Experimental conditions | ~ . . (120-min unit (45-min (120-min IPC, rel. unit.
incubation) . . . . . .
incubation) incubation) incubation)
Control 5944 +£2.18  5777+124 1509+ 1.11 11.69 = 0.84 1.30 £ 0.03
Medium with colchicine  18.04 £ 1.69*%  17.36 + 1.03*  3.07 £ 0.82* 6.08 = 1.15%  0.47 £ 0.05*
Medium with
colchicine and CBF 20.03 £ 1.38* 19.54 £ 197* 476+ 1.03* 7.38 £ 1.18* 0.61 £ 0.04*
Medium with colchicine
and Actovegin 22.56 £ 1.80* 20.04 + 1.54* 3,954+ 1.02* 6.42+1.29*  0.58 £0.05*

* Significant difference in comparison to the control values (P < 0.05)

170

ISSN 2409-4943. Ukr. Biochem. J., 2014, Vol. 86, N 6



A. K. GULEVSKY, N. N. MOISIEIEVA, O. L. GORINA et al.

Table 3. Impact of CBF and Actovegin in the presence of sodium iodoacetate on indices of phagocytic

activity of neutrophils in leukocyte concentrate

Experimetal PI, % (45-min | PIL, % (120-min PN’ abs. . PN,abs.uplts .
conditions incubation) incubation) un s (45.-mm . (120'"7'” IPC, rel. unit
incubation) incubation)

Control 66.11 £ 3.31 59.69 £ 1.75 11.08 + 1.29 9.20 + 1.31 1.23 £0.05
Medium with
Na iodoacetate 4498 £ 1.61* 4546 £ 3.71* 3.74 £ 0.64% 6.30 £ 0.55*  0.58 £ 0.05*
Medium with
Na iodoacetate
and CBF 56.17 + 3.01* 51.71 £ 4.44 875+ 1.01% 7.30 £ 1.02 1.22 £ 0.04%
Medium with
Na iodoacetate
and Actovegin 59.63 +2.83% 59.58 £ 2.71* 9.22 4+ 1.14% 713 +£0.72 1.28 + 0.04*

* Significant difference in comparison with the control values (P < 0.05); * Significant difference in comparison with the

values of leucocytes incubated with inhibitor (P < 0.05)

ty, increasing the amount on cell surface or influenc-
ing transporter affinity for glucose.

Alkaline phosphatase (AP, 3.1.3.1) is a marker
of the functional usefulness of leukocytes. It is con-
tained in specific secondary granules of phagocytes
and plays an important role in phagocytosis [25]. It
is known that AP is localized in cytoplasm, affects
oxidative processes in cells by cleavage of ATP and
ADP, dephosphorylation of NADP and NADPH,
as well as indirectly regulates glycogen synthesis
by dephosphorylation of glycogen [26]. In the light
of this information, the activity of this enzyme in
lysates of leukocytes was studied. Cells were pre-
incubated in media containing CBF (final concentra-
tion 0.15 mg/ml [3]) or Actovegin (final concentra-
tion 1.50 mg/ml [3]).

12

It was shown that AP activity in the presence
of CBF during phagocytosis significantly increased
1.7 times in comparison with the control (Fig. 3, 4).
Besides, the reference drug did not influence this en-
zyme activity.

It should be noted that CBF addition to the in-
cubation medium affects the level of enzymatic ac-
tivity only in leucocytes stimulated by Staphylococ-
cus (Fig. 3, 4, B). An increase in AP activity after
adding CBF points to stimulation of the functional
activity of phagocyting cells and correlates with the
data on glucose accumulation by leucocytes. These
data promote the understanding of mechanisms of
CBF influence on the phagocyte activity of neutro-
phils studied earlier by the authors [1].
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Fig. 2. Glucose content in cells of leucocyte concentrate after incubation in the medium containing CBF or
Actovegin. * Significant difference in comparison with the control values, P < 0.05.
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Thus, as a result of the performed studies it was
determined that CBF addition to cultivation medium
accelerated the processes of cell culture adhesion,
activated the start of mitotic division and stimulated
mitotic activity, increasing the rate of their growth.
Studying biochemical indices in the process of
phagocyte reaction of leucocytes, we observed the
increase in AP activity and intracellular concen-
tration of glucose in the medium containing CBF.
Thus, the study of the action mechanism of the CBF
allows us to suggest that the stimulatory effect of
the fraction occurs due to the direct participation of
its components in the energy metabolism reactions
in the cell, which is one of the factors of increase in
the functional status indices of cell cultures HEF,
MSC, BHK-2Iclone 13/04 and phagocytic activity of
leukocytes.
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BILIMB HU3bKOMOJIEK YJISIPHOI
®PAKIIII 3 KOPTOBOI KPOBI

(10 5 k/la) HA ®YHKIIOHAJIBHI TA
BIOXIMIYHI IOKA3HUKHW KJIITUH
Y TOCJIJTAX IN VITRO
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A. B. Tpughonosa

TacTUTYT MpobaeM kpiobiomorii Ta
kpiomenunuan HAH Ykpainn, Xapkis;
e-mail: moiseeva-nataly@rambler.ru

JlocmikeHo BIJTMB HU3EKOMOJICKYJISIPHOI (110
5 xJla) ¢pakmii 3 kopmroBoi kpoBi (OKK) Benmkoi
poraroi xymobw Ha (YHKIIIOHAIBHY aKTHBHICTH
(haromuTiB, eMOpioHATHEHUX (PiOPOOTACTIB TIOIUHH,
ME3CHXIMaJIBHUX CTPOMAJIBHUX KJIITHH Ta KIITHH
BHK-21 clone 13/04 i PK-15. BcranosiieHo, 1110
nonaBanHa DPKK B cepenoBuie KyJabTHBYBaHHS
30UIBIITYE MIBUIKICTH POCTY KITHHHUX KYJIBTYP.
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[HKyOarist KOHUEHTpATy JCUKOIHUTIB y cepeIOBUIIII,
mo wmictute OKK, crumynioe 30inmbIieHHS
daronuTapHUX ~ MMOKa3HUKIB  HEUTpodinmiB  y
npuCyTHOCTI iHTi0ITOpa (haronuToly HomoaueraTy
HATpif0, TPHU3BOAUTH JO 3HAYMMOTO 301TBIICHHS
BHYTPIIIHBOKJIITUHHOTO  BMICTY  TJIOKO3M  Ta
aKTHBHOCTI JIy)HOI (hocdarasu MOpiBHIHO 3 KOH-
TPOJIEM Ta Ai€l0 penapaTy « AKTOBETiHY.

Knwo4yoBi cnoBa: HH3bKOMOJEKYJSIpHA
(bpaxiiisi KOpIOBOI KPOBi, « AKTOBETiH», 1HTI0ITOPH
(darounTosy, JEHKOIMTH, TIIOKO3a, JyKHa (oc-
(hataza, emOpioHanpHi (PiOpoOOIACTH  TIOAMHY,
Me3eHXiMallbHi cTpoMabHi Kiitnan, BHK-21 clone
13/04, PK-15.
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N3yueHo BinusiHUE HU3KOMOJEKYISIPHOU (10
5 xJla) ppaxum u3 kopmosoi kpoBu (PKK) kpym-
HOT'0 POraTtoro Ckota Ha (PyHKIIMOHAJIbHYIO aKTUB-
HOCTH (haroruToB, SMOPHOHAIBHEIX PHOPOOIACTOB
YeJIOBeKa, ME3CHXUMAaJIbHBIX CTPOMAJIbHBIX KJIETOK,
auanii BHK-21clone 13/04 u PK-15.YcTaHoBaeHo,
gro mobasnenne OKK B cpenmy KyIsTHBHpPOBAHUS
YBEIUYUBAET CKOPOCTh POCTA KJICTOYHBIX KYJIBTYP.
WNuxybanms KOHIIEHTpaTa JIEHKOIUTOB B CpeJie, CO-
nepxkariern ®KK, noseimaer ¢arouutapHbie MoKa-
3aTesd HeUTPO(UIOB B MPUCYTCTBUH HHTHOUTOpA
(arouuTosa Momoarierara HaTpus, MPUBOIMT K JI0-
CTOBEPHOMY YBEJIIMUYEHUIO BHYTPHUKIECTOYHOTO CO-
JIepyKaHUS TIIFOKO3bI M aKTHBHOCTH IIEIOYHOM (oc-
(haTasbl 10 CPABHEHUIO C KOHTPOJIEM U MPErapaTom
CpaBHEHHS « AKTOBETHH.

KnioueBbie cI10Ba: HI3KOMOJEKYJIpHas
(hpakiust KOpAOBOH KPOBH, K AKTOBETUHY, HHTHOH-
TOpBI (aronuTo3a, JEUKOIUTHI, TIIOKO03a, IIeI04-
Has ¢ocdaraza, >MOpHOHATBHBIE (HHUOPOOTACTHI
YeJI0BeKa, ME3eHXMMaJIbHbIE CTPOMAIbHBIE KIETKH,
BHK-21 clone 13/04, PK-15.
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