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Objective: to study the biological properties of macroporous cryostructurate from multicomponent concentrated 
collagen-containing solution (MCCS) as a promising matrix for the formation of cell- and tissue-engineered 
constructs. Materials and methods. A macroporous spongy carrier was obtained by cryostructuring of collagen-
containing extract, prepared by acetic acid hydrolysis of chicken connective tissue (BIOMIR Service, Russian 
Federation). N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (Sigma-Aldrich, USA) was used to make the 
cryostructurate water insoluble. The micromorphology of the sponge surface was studied using scanning elect-
ron microscopy. The cytotoxicity of the carrier was evaluated by reaction of the mouse NIH 3T3 fibroblast cell 
culture using automated microscope IncuCyte ZOOM (EssenBioscience, USA). Biocompatibility of the macro-
porous carrier was studied on cultures of human adipose tissue-derived mesenchymal stromal cells (AD-MSC), 
human hepatocellular carcinoma cell line HepG2 and human umbilical vein endothelial cell line EA.hy926. The 
metabolic activity of cells was determined using PrestoBlue™ reagents (Invitrogen™, USA). Cell population 
development during long-term cultivation of the cell-engineered construct (CEC) was assessed by fluorescence-
lifetime imaging microscopy over the entire surface of the sample using a Leica Dmi8 inverted microscope with 
Leica Thunder software (Leica Microsystems, Germany). Results. Optical microscopy and scanning electron 
microscopy (SEM) showed the presence of pores of different sizes in the resulting biopolymer material: large 
pores with 237 ± 32 μm diameter, medium-sized pores with 169 ± 23 μm diameter, and small-sized pores with 
70 ± 20 μm diameter; large and medium-sized pores were predominant. The studied media did not exhibit cyto-
toxicity. Cell adhesion and proliferation on the surface of the material and their penetration into the underlying 
layers during long-term cultivation were observed. The highest metabolic activity of the cells was observed for 
human AD-MSC on day 14, which corresponds to the normal dynamics of development of a population of cells 
of this type. The functional activity of HepG2 cells – albumin and urea production – was shown in the liver CEC 
model. Conclusion. The good adhesion and active proliferation that were shown for the three cell types indicate 
that the resulting biopolymer carrier is biocompatible, and that the spread of the cells into the inner volume of 
the sponge and active population of the sponge under prolonged culturing indicates that this material can be used 
to create cell- and tissue-engineered constructs.
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inTrODucTiOn
One of the most important aspects of creating cell-

engineered constructs (CEC) and tissue-engineered 
constructs (TEC) is the selection of a suitable scaffold 
which, on one hand, performs a structure-forming func-
tion, and, on the other hand, influences cell proliferation 
and differentiation processes. The internal architecture 
of TEC and CEC has been shown to be of fundamental 
importance for their structural and biological functions 

[1]. For instance, the use of a carrier with an ordered 
structure of microfibers that set the direction of growth 
of mesenchymal stromal cells (MSCs) in cartilage TECs 
led to increased glycosaminoglycan synthesis during cell 
differentiation compared to an unstructured scaffold [2]. 
Its structure is of even greater importance for the crea-
tion of TECs and CECs of the liver, where the normal 
functioning of cells of different types is possible only if 
there is a certain microarchitecture of the structure [3, 4].
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Various approaches such as electrospinning [5] and 
various types of bioprinting [6] are used to create struc-
tured cell carriers. Much focus is on the search for new 
bioprinting materials that mimic the extracellular matrix 
and methods of imparting a structure closer to the native 
tissue [7].

It should be noted that, despite the numerous advan-
tages of these techniques, they are difficult to perform 
and require expensive equipment. In turn, the cryostruc-
turing methodology allows to create effective scaffolds 
with pores of different sizes at lower costs, providing 
both mass transfer of nutrients and gases and expansion 
of cells from the surface into the inner volume of the 
scaffold material [8].

Cryostructuring techniques are used to obtain such 
macroporous polymeric materials as various cryogels 
and cryostructurates [9]. The former are formed when 
3D polymer mesh nodes are formed in the volume of 
unfrozen microphase of a macroscopically frozen sys-
tem (this process is called cryotropic gelation). If there 
is no gelation proper, then after removal of the frozen 
solvent, for example, by sublimation or cryoextraction, 
polymeric objects called cryostructurates are obtained. 
A fundamental feature of both cryogels and cryostruc-
turates is their macroporosity formed by polycrystals of 
the frozen solvent. Most macropores are interconnected, 
and their morphology and sizes depend on the condi-
tions of all successive stages of cryogenic structuring. 
It is this special macroporosity, combined in many cases 
with good mechanical properties of various cryogels and 
cryostructurates, especially those based on biocompatib-
le polymers, that makes them promising materials for 
biomedical applications [10–15].

An important advantage of this technology is that the 
physical properties of cryogenically structured materials, 
especially the pore size, can be influenced quite easily by 
adjusting the preparation parameters, including polymer 
content, crosslinking mechanism, temperature, freezing 
time, and freeze/thaw rate and cycles [8, 16].

When choosing materials for the manufacture of CEC 
and TEC matrices, besides synthetic resorbable polymers 
such as polylactides [17], biopolymer hydrogels are most 
commonly used. Many hydrogels based on one of the 
extracellular matrix (ECM) components have been deve-
loped to stimulate the regenerative potential of damaged 
tissues by minimally invasive injection [18]. In this case, 
among commonly used biopolymers, preference is given 
to such natural polymers as collagen, gelatin, chitosan, 
hyaluronic acid, alginates, and polyesters of bacterial 
origin [19].

Given the multifunctional properties of ECM, the 
attention of researchers in recent years has been drawn 
to multicomponent biopolymer-based hydrogels – ECM 
biomimetics, which include all of its main components 
(proteins and polysaccharides) as well as growth fac-
tors and other signaling molecules necessary for cell 

adhesion, proliferation and differentiation [19, 20]. Such 
biopolymer-based hydrogels have been shown to pro-
vide greater cell proliferation compared to single ECM 
component substrates [21]. However, along with the 
pronounced advantages of hydrogels, there are several 
difficulties associated with the inability to perform the 
function of a scaffold for cells and the lack of sufficient 
pore space, which does not allow angiogenesis to pro-
ceed throughout the entire volume of CECs, complicates 
cell migration into the hydrogel volume, transport of 
nutrients to them, and removal of metabolites [10].

Consequently, the idea of creating a bioactive mac-
roporous cryostructured matrix [22] that is based on a 
multicomponent concentrated collagen-containing so-
lution (MCCS) obtained by acetic acid extraction from 
animal tissues seems promising [20].

This study is a continuation of our earlier works on 
obtaining and studying the physicochemical and bio-
logical properties of gelatine-based macroporous cry-
ostructurate [23, 24]. The positive results obtained in 
the creation of CECs based on gelatin cryostructurate 
matrices allowed us to use them in this work as compa-
rison samples.

MaTerialS anD MeThODS
Preparation of MccS-based cryostructured 
matrix

A commercially available product, “Collagen-contai-
ning extract” (TU 9389-008-54969743-2016, BIOMIR 
Service, Krasnoznamensk) was used as the initial raw 
material. MCCS level was 40 mg/mL, total protein con-
tent in the MCCS was 96%, pH = 5.8 ± 0.3. MCCS-based 
cryostructure samples were produced at the Nesmeyanov 
Institute of Organoelement Compounds in Moscow ac-
cording to the modified method [22]. The MCCS was 
first heated for 1 hour at 42 °C, then diluted 1.5 times 
with deionized water and poured into 35 mm diameter 
plastic Petri dishes in a thin layer (2 mm). The dishes 
were placed in an ultracryostat K2 (Huber, Germany) and 
frozen at –20 °C for 3 hours. Then they were freeze-dried 
in a FreeZone1 unit (Labconco, USA). Next, the resulting 
macroporous cryostructurate sponges were incubated in 
0.1 M ethanol solution of N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide (Sigma-Aldrich, USA) at room 
temperature for 24 hours. Afterwards, they were washed 
with ethanol to remove excess carbodiimide and stored 
in 96% ethanol medium until used as a matrix for cell 
culture. For experiments, disks of 1 cm2 area and 2 mm 
thickness were cut from the macroporous sponges.

investigation of surface micromorphology 
of cryostructurates

The surface morphology of the samples was studied 
by phase-contrast microscopy using a Leica DMi8 Thun-
der super-resolution system with LAS X software.
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The micromorphology of the collagen-containing 
matrix surface was studied using scanning electron mi-
croscopy (SEM) with lanthanide contrast of the sample, 
which allowed using low vacuum conditions, preserving 
the native structure of the material as much as possible 
[25]. Sample preparation included initial washing, ex-
posure for 45 minutes in BioREE-A contrasting solution 
(Glaucon LLC, Russia) and final washing with distilled 
water. Next, excess moisture was removed from the sur-
face of the specimen with an air brush and placed on the 
slide of an EVO LS10 microscope (Zeiss, Germany). 
Observations were performed in low vacuum mode (EP, 
70 Pa), at an accelerating voltage of 20–25 kV. Images 
were captured using a backscattered electron detector 
(BSE mode).

cell cultures
To evaluate cytotoxicity of the tested matrices, we used 

mouse NIH 3T3 fibroblast cell line (ATCC®CRL-1658™) 
from the American Type Culture Collection (ATCC). To 
study cell adhesion and proliferation, we used of human 
adipose tissue-derived mesenchymal stromal cell (AD-
MSC) culture obtained at Shumakov National Medical 
Research Center of Transplantology and Artificial Or-
gans according to the previously developed method [23]. 
Human umbilical vein endothelial cell line EA.hy926 
(ATCC®CRL-2922™) from ATCC and human hepato-
cellular carcinoma cell line HepG2 from the cell culture 
collection owned by Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs 
were used to create CEC sponges.

Cell cultures were stored in liquid nitrogen at 
–196 °C. After thawing, the cells were seeded into stan-
dard 25 cm2 culture vials (CELLSTAR® Greiner Bio-
One, Germany) and cultured in appropriate complete 
growth medium (CGM). For fibroblast cell lines NIH 
3T3 and endothelial cell lines EA.hy926, high glucose 
DMEM (PanEco, Russia) supplemented with 10% fetal 
calf serum (TS, Biosera, Germany) or fetal calf serum 
(HyClone, USA), respectively, antibiotic-antimycotic 
Anti-Anti (Gibco® by Life Technologies™, SC) and 
2 mmol alanyl-glutamine (PanEco, Russia) were used. 
AD-MSC and HepG2 were cultured in DMEM/F12 me-
dium (PanEco, Russia) supplemented with 10% fetal 
calf serum (HyClone, USA), 10 μg/mL of basic human 
fibroblast growth factor (FGF-2, Peprotech, AF-100-
18B, USA), antibiotic-antimycotic Anti-Anti (Gibco® by 
Life Technologies™, SC), 1 mmol HEPES (Gibco® by 
Life Technologies™, SC) and 2 mmols alanyl-glutamine 
(PanEco, Russia). Vials with cells were cultured in a 
CO2 incubator under standard conditions: 37 °C, humid 
atmosphere containing (5 ± 1) % CO2.

For experiments, cells were washed off the culture 
plate using dissociation reagent TrypLE™ Express Enzy-
me (Gibco® by Life Technologies™, SC) and a suspen-
sion with the required cell concentration was prepared.

Cell count in the suspension was determined on an 
automated cell counter (TC20™ Automated Cell Coun-
ter, BIORAD, Singapore) with simultaneous viability 
test with trypan blue (BIORAD, # 145-0013, Singapore) 
according to the equipment manufacturer’s methodology.

Matrix cytotoxicity assessment
The cytotoxicity of samples of MCCS-based media 

was determined by direct contact method according to 
GOST ISO 10993-5-2011 [26]. Mouse NIH 3T3 fibro-
blast cell lines were seeded into flat-bottomed 6-well 
culture plates (CELLSTAR® Greiner Bio-One, Germany) 
at a concentration of 5 × 105 cells per well and incubated 
for 24 hours at 37 °C under standard conditions until 
the formation of (80 ± 10)%. Next, the studied samples 
of cryostructurates were placed on the surface of the 
cell monolayer in the form of disks with a diameter of 
6 mm and a thickness of 2 mm. The comparison samples 
were macroporous sponges in the form of gelatin-based 
cryostructurate disks of the same size as the samples of 
collagen-containing cryostructurates with proven ab-
sence of cytotoxic effect [23]. The disks were first tho-
roughly washed of ethanol residues with two portions 
of sterile distilled water and left for 24 hours in CGM 
at 37 °С. The CGM served as a negative control sample 
for cell culture, and 10 mg/mL single-element aqueous 
zinc standard (Sigma-Aldrich, USA) served as a positive 
control sample).

An additional test was performed for more detailed 
evaluation of growth dynamics and to identify a possible 
cytostatic effect. During the test, cell plates were incuba-
ted in the presence of samples using the IncuCyte ZOOM 
system (EssenBioscience, USA). The IncuCyte ZOOM 
system allowed the monolayer density to be assessed 
automatically every 2 hours throughout the experiment 
with simultaneous construction of growth curves. The 
experiment lasted for just over 50 hours.

assessing the ability of the sponge carrier 
to support cell adhesion and proliferation

The ability of MCCS-based cryostructurate to sup-
port cell adhesion and proliferation was also compared 
with gelatin-based cryostructurate samples. To set up the 
experiment, cryostructurate samples were thoroughly 
washed from ethanol and placed in a CGM for 1 day 
until saturation. The required number of cells was grown 
in culture vials and a cell suspension with a working 
concentration of 1 × 105 cells/mL was prepared. Next, 
1 ml of the cell suspension was applied to the sample 
surface drop by drop. The samples were placed in 50 ml 
centrifuge tubes and left in a CO2 incubator for 1 hour 
for cell attachment, after which the CGM level in the 
tubes was brought to 5 ml and culturing was continued 
under standard conditions. On days 1, 3, 6, 9 and 14 
of cultivation, three portions of the CGM were taken 
for metabolic activity test with PrestoBlue™ HS Cell 
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Viability Reagent (Invitrogen™ by Thermo Fisher Sci-
entific, USA) according to the reagent manufacturer’s 
protocol. Spectrophotometry was performed on a Spark 
10M tablet reader (Tecan, Austria) with Spark Control™ 
Magellan V1.2.20 software at two wavelengths, 570 nm 
and 600 nm. Data from optical absorption measurements 
were used to calculate the coefficient of metabolic acti-
vity (K) according to the formula:

,

where Abs570 is the optical absorption at 570 nm, and 
Abs600 is the optical absorption at 600 nm.

Cell count corresponding to coefficient K obtained 
was determined in an auxiliary experiment, where certain 
amounts of cells were seeded into the wells of a plate and 
their metabolic activity was measured after one day. A 
calibration graph was plotted based on the measurement 
results, which allowed to bring the value K to the number 
of AD-MSCs.

cecs based on collagen-containing 
cryostructurates and different cell types

To create CECs based on MCCS macroporous spon-
ge, suspensions of appropriate cultures were prepared at 
a concentration of 1 × 105 cells/mL. Gelatin cryostructu-
rate samples were also used as a control. Matrices from 
cryostructurates were immersed in the suspension and 
processed for 1 hour on a laboratory shaker in orbital 
stirring mode at 40 rpm for uniform distribution of cells 
on the surface and penetration into the inner volume of 
the sample. The resulting CECs were cultured under 
standard conditions for 7 and 10 days for HepG2, and 7 
and 15 days for EA.hy926.

Cell surface adhesion, nature of cell distribution over 
the sample volume, viability, morphology and prolifera-
tive activity were assessed by in vivo microscopy with 
fluorescent dyes Live/Dead® Viability/Cytotoxicity Kit 
(Molecular Probes® by Life Technologies™, USA) using 
Leica DMi8 Thunder microscope with LAS X software 
for analyzing the 3-d structure of the sample.

functional properties of hepG2 
hepatocellular carcinoma cells when 
cultured on an MccS-based macroporous 
matrix

HepG2 cells (5 × 105 kL), were plated on 10 × 10 × 
2 mm fragments of MCCS (n = 10) and gelatin (n = 10) 
samples. The resulting CECs were cultured in CGM 
under standard conditions for 10 days. On day 10, al-
bumin content in the culture medium was determined 
by enzyme-linked immunosorbent assay using Human 
Albumin ELISA Kit (Invitrogen™ by Thermo Fisher 
Scientific, USA). Culture medium from cells that were 

cultured on plastic in the same quantity was used as a 
control.

Ammonia metabolism rate was determined after 
90 minutes of incubation with 1 mmol ammonium chlo-
ride (Sigma-Aldrich, USA) diluted in culture medium on 
day 10 of the experiment. The amount of urea in the me-
dium was estimated on a KonelabPrime 60i biochemical 
analyzer (ThermoFisher Scientific, Finland).

Reliability of differences was determined using 
Student’s t-test (SPSS 26). Differences were considered 
statistically significant at p < 0.05.

reSulTS anD DiScuSSiOn
investigation of surface micromorphology 
of macroporous matrices

A microscopy of the samples revealed a porous struc-
ture of the material with numerous pores of different 
sizes (Fig. 1, a). Conventionally, the pores can be cate-
gorized into three groups by size: large (237 ± 32 μm), 
medium (169 ± 23 μm) and small (70 ± 20 μm). Thus, 
the MCCS-based cryostructured material is dominated 
by large-sized pores. In comparison, only medium-
sized (169 ± 23 μm) and small-sized (70 ± 20 μm) po-
res were mainly present in the gelatin cryostructured 
material (Fig. 1, b). SEM images of the surface of both 

Fig. 1. Surface morphology of cryostructurates. Phase-
contrast microscopy. Magnification 50×; a, MCCS-based 
cryostructurate; b, gelatin-based cryostructurate. Scale bar: 
200 µm

а

b
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Fig. 2. Macroporous morphology of cryostructurates. SEM 
with lanthanide contrasting. a, b, MCCS-based cryostructu-
rate; c, d, gelatin-based cryostructurate. a, b, magnification 
500×; b, d, magnification 1500×. Scale bar: 20 µm

а

b

c

d

sponges show that the pores form interconnected chan-
nels running through the entire volume of the material  
(Fig. 2).

cytotoxicity of the resulting  
cryostructurates

Assessment of the cytotoxicity of the MCCS-based 
cryostructurate revealed no negative effect when NIH 
3T3 cells were cultured in the presence of fragments of 
macroporous matrices obtained from MCCS and gelatin. 
Cells actively proliferated over the entire area of the 
well of the plate, including the area of contact with the 
sample (Fig. 3). No rounded cells or cells with disturbed 
morphology were observed.

Determination of the degree of monolayer conflu-
ency in automatic mode showed that the most active 
cell growth begins after 20 hours of the experiment and, 
by the end of the experiment, this index reaches values 
of more than 70%, which corresponds to the normal 
development of NIH 3T3 cell population. There were 
no significant differences from the comparison sample 
(Fig. 3, b).

Biocompatibility. Сell adhesion 
and proliferation

The study of biocompatibility, i.e. the ability of cells 
to adhere to the surface and further proliferate, was car-
ried out using an AD-MSC culture. In parallel, a gelatin-
based cryostructurate was used as a control in the expe-
riment. 1 × 105 cells were plated on a sponge fragment. 
Vital dye intravital microscopy showed that on day 3, 
cells adhered on the surface of both media. Distributi-
on of AD-MSCs on the surface was quite uniform, the 
cells were spread out and had normal morphology. There 
were practically no dead cells. By day 12 of cultivation, 
a significant increase in cell mass was observed in the 
samples with the formation of large cell clusters. It was 
also noted that cells inhabited not only the surface of cry-
ostructurates, but also penetrated deep into the sponge. 
Moreover, due to the presence of large, interconnected 
pores in the MCCS-based sponge, this effect was much 
more pronounced in this case (Fig. 4).

Data from the metabolic activity test with Presto-
Blue™ reagent fully correspond to the microscopic 
picture and allow for quantitative assessment of their 
proliferative activity.

As shown in the graph (Fig. 5), after the lag phase that 
is necessary for cells to adapt, the logarithmic growth 
phase begins by day 4 of cultivation, and continues, with 
some slowdown by day 6–9, until the end of the expe-
riment on day 14. In our opinion, the slowdown during 
this period is due to the filling of the available surface 
of the macroporous matrix by cells and the transition to 
colonization of the underlying layers of the cryostruc-
turate. For both types of samples, we observed similar 
dynamics of cell mass growth, but AD-MSCs, when cul-
tured on an MCCS matrix, proliferated more actively at 
late observation periods (days 9 and 14).
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Fig. 3. Growth of mouse NIH 3T3 fibroblasts in the presence of macroporous matrix fragment. a, MCCS-based cryostructura-
te; b, gelatin-based cryostructurate (comparison sample). Phase-contrast microscopy. Magnification 100×. Scale bar: 300 µm; 
c, growth curve of NIH 3T3 cells on culture plastic in the presence of a fragment of MCCS-based macroporous carrier

а b

c

      

      

Fig. 4. Growth of human AD-MSC culture on MCCS-based matrix (a, c) and gelatin-based matrix (b, d); a and b, 3 days, 
c and d, 12 days of culture. Live/Dead™ stain. Magnification 100×. Scale bar: 100 µm

а b

c d
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Fig. 5. Metabolic growth curve of human AD-MSCs on the tested matrices (Test with PrestoBlue™)

      

      

Fig. 6. HepG2 growth on a cryostructured matrix. a, 3 days of culture; b, 7 days, MCCS-based cryostructurate; c, 3 days of 
culture; d, 7 days, gelatin-based cryostructurate. Live/Dead™ stain, live cells are stained in green, dead cells are stained in 
red. Magnification 100×. Scale bar: 100 µm

а b

c d

creation of cecs from different cell types 
on an MccS-based cryostructurate

When seeded with a large number of cells – 5 × 105 
cells per sample – it was shown that for both HepG2 
(Fig. 6, a–d) and EA.hy926 (Fig. 7, a–f) culture, almost 
all cells adhere to the sample surface and actively prolife-

rate, forming significant clusters by the end of the expe-
riment (on day 10 for HepG2, and day 15 for EA.hy926).

Adherent cells on gelatin-based cryostructurate also 
actively proliferated, but there were more dead cells in 
the case of HepG2 (Fig. 6, d). Note that significant diffe-
rences were observed in the localization of cell clusters. 
In the case of the gelatin disk, we noted predominantly 
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Fig. 7. EA.hy926 endothelial cell growth on cryostructured matrix. a, 7 days of culture; b, 15 days, MCCS-based cryostructu-
rate; c, 7 days of culture; d, 15 days, gelatin-based cryostructurate; e, 15 days, cell distribution in the MCCS-based cryostruc-
turate; f, 15 days, cell distribution in the gelatin-based cryostructurate. Live/Dead™ stain, live cells are stained in green, dead 
cells are stained in red. a–d, scale bar: 100 µm; e, f, scale bar: 200 µm

а b

c

e

d

f

cell spreading on the surface of the sample, whereas the 
MCCS disk showed a tendency to actively colonize the 
walls of large pores and channels with the colonization 
of the inner volume of the macroporous carrier. This was 
especially clear for endothelial cells at a late period of 
cultivation (Fig. 7, b).

The use of stacking technology”, i.e. shifting the fo-
cal point of the microscope lens deep into the sample 
to a depth of more than 100 μm, followed by software 
processing of the image, showed that cells spread into 

the inner volume of the macroporous disk to a depth of 
up to 60 μm (Fig. 7, d).

For gelatin-based cryostructurates, this figure was 
smaller, not exceeding 50 μm (Fig. 7, e).

assessment of the functional properties 
of hepG2 cells when cultured  
on an MccS-based cryostructurate

The functional activity of HepG2 cells in CEC was 
analyzed by albumin synthesis and urea production 
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(Table 1). The culture medium of the same cell count 
on culture plastic was used as a control.

In a separate test, we compared the level of albumin 
production for CECs with different cell counts (Table 2).

Note that albumin and urea levels in the samples cor-
related with cell count in the CEC.

The obtained data indicate that HepG2 seeded on a 
MCCS-based cryostructurate can maintain its secretory 
function on day 10 of cultivation at a higher level, com-
pared to cell cultivation on plastic.

cOncluSiOn
The studies show that the macroporous cell carrier 

based on a cryostructured multicomponent concentrated 
collagen-containing solution has a large pore space, whe-
re large and medium-sized pores predominate, forming 
a network of branched channels in the matrix thickness. 
This macroporous structure significantly improves cell 
expansion deep into the MCCS-based cryostructurate 
compared to gelatin-based cryostructurates. The cell 
carrier studied in this work is non-cytotoxic, supports 
adhesion and proliferation of different cell types and 
formation of a cell-engineered construct in which cells 
can function normally.

The authors declare no conflict of interest.
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