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Introduction
A study on facial and penetrating neck injuries sus-

tained in combat operations in Iraq and Afghanistan from 
2011 to 2016 [1] found that the most common facial 
fractures were of the orbit (26.3%) and maxilla/zygoma 
(25.1%). 

In recent years there has been a significant increase 
in the number of patients who suffered from combat ac-
tions in Ukraine. Combat injuries to the eye are charac-
terized by substantial damage to ocular tissues and socket 
and multiple fragmentation wounds, which are frequently 
concomitant with injuries to the face and other body parts. 

Given a rising tendency in the rate of ocular trauma, there 
is an increasing need in surgeries for orbital and periorbital 
reconstruction.

The ocular surgeon has to use implant materials to 
(1) replace soft tissue and bone structures during orbital 
and periorbital reconstructive surgeries and (2) shape a 
musculoskeletal stump to improve prosthesis position in 
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Purpose: To experimentally examine in vitro and in vivo regenerative processes 
resulting from the effect of experimental samples of synthetic (poly)vinyl formal 
(PVF) based hydrogel implants.
Material and Methods: Scanning electron microscopy (SEM) analysis; Vero 
cell culture evaluation of in vitro regenerative processes by the wound-healing 
assay; evaluation of in vivo regenerative processes in the rabbit ocular and crest 
tissues resulting from the effect of experimental samples of synthetic PVF based 
hydrogel implants. Experimental studies of hybrid hydrogels were conducted in 
20 Chinchilla rabbits (age, 5–6 months and weight, 2–3 kg) that were maintained 
and fed under similar conditions.
Results: The most active regeneration of the damaged Vero cell monolayer (with 
a wound closure percentage of 91%) resulted from the effect of the sample of 
PVF/AuNP (12.06 µg/g) hydrogel, followed by PVF-based hydrogel and PVF-
based hydrogel impregnated with poly(N-isopropylacrylamide) (PNIPAM). In 
an in vivo study of local effects after implantation of PVF/AuNP (12.06 µg/g) 
hydrogel in the scleral sac, orbital tissue or below the crest intradermally, the 
rabbits who underwent this implantation exhibited mild edema of postoperative 
suture site and adjacent conjunctiva which reduced on day 10 and practically 
disappeared on days 17-19. Histomorphological studies of responses of the 
rabbit orbital and crest tissue to the hydrogel implant found neither implant 
resorption nor acute inflammation of the surrounding tissue.
Conclusion: Our in vitro and in vivo study of regenerative processes resulting 
from the effect of experimental samples of synthetic PVF based hydrogel implants 
demonstrated that PVF/AuNP (12.06 µg/g) hydrogel is highly biocompatible and 
had promise as an implant material.
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the frontal plane and its motility, thus contributing to im-
proved cosmetic outcome of enucleation or evisceration. A 
disadvantage of biological (autologous and homologous) 
implant materials is that they tend to have problems with 
resorption. In recent decades, inorganic and synthetic ma-
terials have been intensively developed to overcome the 
drawbacks of autologous and homologous implant materi-
als [2]. Clinical studies, however, demonstrated that these 
materials are inadequately biocompatible and do not en-
sure intergrowth of biological tissue in any of them.

Therefore, it is important to develop advanced syn-
thetic materials for orbital and facial bone reconstruction 
and filling postoperative cavities. Non-biological implants 
with a porous structure (first and foremost, cross-linked 
hybrid gels) capable of biological integration with the ad-
jacent orbital tissue provide new opportunities to perform 
restorative surgery. A hybrid hydrogel-based polymeric 
material may be a promising material for these applica-
tions. Due to their structural similarity to the hydrated 
macromolecular components of the body, polymeric hy-
drogels occupy a special place among today’s implant ma-
terials [3]. However, conventional hydrogels have a few 
shortcomings (poor mechanical strength, insufficient bio-
compatibility, and no biological activity, e.g., little or no 
capacity to stimulate adhesion and growth of eukaryotic 
cells) that limit their application as implant materials [4]. 
Additionally, drug diffusion from conventional hydrogels 
is insufficiently controllable, insufficiently targeted at a 
specific organ, and insufficiently prolonged. Therefore, not 
conventional but smart hydrogels have been increasingly 
used recently. They can respond to relatively small chang-
es in external stimuli (mainly, physiological temperature 
and pH changes) with phase transition and rapid changes 
in their physical and chemical parameters (e.g., degree of 
swelling and porosity, sorption and diffusion character-
istics). Using smart hydrogels in drug delivery systems 
can reduce the dosing frequency, maintain the desired 
therapeutic concentration in a single dose, and minimize 
the drugs’ side effects by preventing the accumulation of 
the drugs in non-target tissues [5]. The most studied gels 
of this class are polyacrylic acid-based pH-sensitive hy-
drogels [6] and hydrogels based on thermosensitive poly-
mers such as poly(N-isopropylacrylamide) (PNIPAM) 
[7]. Cross-linked PNIPAM-based hydrogels demonstrate 
desolvation at a higher temperature than their lower criti-
cal solution temperature (LCST) of 32.8 °C which is close 
to the human body temperature [8] due to the balance 
between hydrophilic (water-polymer) and hydrophobic 
(polymer-polymer) interactions. This temperature can be 
precisely controlled through copolymerization with other 
monomers, aiming at controlled release at the tumor site of 
therapeutics from thermoresponsive nanogels [9].

The development of composite hydrogels with incor-
porated metallic nanoparticles has become a new area of 
research in tissue engineering and regenerative medicine. 
Overall, the mechanical, physical, and biological proper-
ties of nanocomposite hydrogels will vary depending on 

the synthesis strategy, nanomaterial choice, and network 
formation approach. By optimizing these parameters (in-
dividually or in synchrony) tailored applications such as 
custom release profiles of bioactive cues, cell viability, 
spreading, and scaffold infiltration can be achieved [10-
12].

The unique physical and chemical properties of gold 
nanoparticles (AuNPs) depend on their size and shape, 
making them the perfect choice for nanomaterial com-
posite hydrogels for a variety of biomedical applications. 
AuNPs have been widely used in developing approaches 
to the treatment of cancer (photothermal and photodynam-
ic treatment), as a substance with antiangiogenic proper-
ties, vectors for targeted delivery of anti-tumor agents, etc 
[13, 14].

Anti-inflammatory and antioxidative properties of 
AuNPs deserve special attention [15]. Of particular impor-
tance is their capacity to induce cell adhesion on hydrogel 
surface [16] and stimulate tissue regeneration [17]. Other 
considerable advantages of composite hybrid hydrogels 
with AuNPs are their high biocompatibility and low irri-
tation to the skin and/or eyes [12]. The above biological 
properties of AuNPs make them widely used in designing 
nanocomposite hybrid hydrogels with tailored character-
istics [18-21].

The purpose of the study was to experimentally ex-
amine in vitro and in vivo regenerative processes resulting 
from the effect of experimental samples of synthetic poly-
vinyl formal (PVF) based hydrogel implants.

Material and Methods
Synthesis of experimental samples of synthetic PVF 

based hydrogel implants has been previously described by 
us [22, 23]; these samples are shown in Fig. 1.

Morphology and structure of experimental samples of 
synthesized PVF based hydrogel implants were examined 
by scanning electron microscopy (SEM) using a TESCAN 
MIRA 3 LMU device with an energy dispersive spectrom-
eter (EDS, Oxford Max-80) and a precision etching coat-
ing system (PECS, Gatan 682).

Thermogravimetric analysis (TGA) and differential 
thermogravimetry (DTG) were employed to assess the 
properties of PVF based hydrogels filled with PNIPAM. 

In vitro regenerative processes resulting from the ef-
fect of experimental samples of PVF based hydrogels 
were examined using the in vitro scratch assay, a common 
technique allowing the observation of two-dimensional 
cell migration and proliferation during regenerative pro-
cesses [24]. The inoculated monolayer Vero cell culture 
from the Cell culture collection of the Zabolotny Institute 
of Microbiology and Virology was used as a test culture. 
Cells were plated on 6 well plates at a density of 1 × 105 
cell/ml and grown in Dulbecco's Modified Eagle Medium/
Nutrient Mixture F-12 (DMEM/F12) containing 10% fetal 
bovine serum (FBS) with antibiotic-antimycotic at 37 °C 
with 5% CO2.

Twenty four hours after cell plating, monolayer cell 
cultures were wounded with a 1-ml sterile pipette tip. 
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Thereafter, the medium was replaced with a native me-
dium in test wells and samples of conditioned media. The 
medium was conditioned with hydrogel samples via their 
extraction by the medium at 37 °C for 24 hours as per the 
standard [25].

In 48 hours, the efficacy of scratch wound closure was 
assessed by crystal violet cell staining and open source 
image J/Fiji software and the Wound_healing_size_tool 
plug-in [26].

The wound closure percentage (WCP) was determined 
using the following formula: 

WCP = ((Wt0 -WΔt)/Wt0) x100%, 
where Wt0 is the average scratch width at the t0 time 

point and
WΔt is the average scratch width at the Δt time point 

(48 hours).
In vivo response to PVF based hydrogels was exam-

ined through the analysis of changes in clinical and patho-
morphological parameters in 20 Chinchilla rabbits (age, 
5–6 months and weight, 2–3 kg) from the vivarium of SI 
“The Filatov Institute of Eye Diseases and Tissue Therapy 
of the National Academy of Medical Sciences of Ukraine”.

All animal experiments were performed in compliance 
with the principles of European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and 
Other Scientific Purposes from the European Treaty Se-
ries (Strasbourg, 1986), First National Bioethics Congress 
(Kyiv, 2021), and Law of Ukraine on Protection of Ani-
mals from Cruel Treatment No. 3447-IV dated 21.02.2006, 
and approved by a local Bioethics Committee of SI “The 
Filatov Institute of Eye Diseases and Tissue Therapy of 
the National Academy of Medical Sciences of Ukraine” 
(Committee Minutes dated 20.04.2024). Prior to surgical 
procedure, animals were anesthetized with thiopental so-
dium 0.1% (1.0 mL/kg, intramuscularly).

To investigate the soft tissue response in rabbits, hy-
brid hydrogel samples (PVF/AuNP hydrogel; 12.06 µg/g; 
size,  10.0 х 10.0 х 2.5 mm) were placed in the scleral sac 

(5 animals), orbital tissue (5 animals), or below the crest 
intradermally (10 animals).

A PVF based hybrid hydrogel implant with incorpo-
rated AuNPs (12.06 µg/g) was placed either in the scleral 
sac after evisceration or below the crest intradermally after 
skin incision. The wound was closed with interrupted 6-0 
silk sutures.

Clinical signs (edema of the orbital tissue, edema of the 
cheek, state of sutures, presence of discharge) were scored 
on days 2, 5, 10 and 30 and every 5 days thereafter until 
the end of the study as follows:

1) Edema of orbit tissue (0, no edema; 1, edema of 
postoperative suture site; 2, edema of postoperative suture 
site and adjacent conjunctiva; and 3, marked conjunctival 
chemosis and edema of the soft orbital tissue)

2) State of sutures (0, no suture line disruption; 1, soli-
tary sites of suture line disruption, up to 1.0 mm; 2, sites of 
suture line disruption, 1.0-5.0 mm; and 3, disruption along 
the entire suture length) and

3) Conjunctival discharge (0, no discharge; 1, mild sa-
nious discharge from the conjunctiva and at eyelid mar-
gins; 2, mild sanious and serous discharge from the con-
junctival sac, at eyelid margins, and at the orbital area; and 
3, marked sanious and serous discharge from the conjunc-
tival sac, at eyelid margins, and both at orbital area and 
outside the orbit).

Implants were cut out with the surrounding tissue for 
immediate histomorphological examination at days 10 and 
30. Animals were euthanized by air embolism under gen-
eral anesthesia with thiopental sodium 0.1% (1.0 mL/kg 
body weight, intramuscularly). Tissue samples were fixed 
in 10% formalin for 24 hours and then embedded in par-
affin. Formalin-fixed, paraffin-embedded histological tis-
sue sections were stained with hematoxylin and eosin on 
and examined using a microscope (Jenamed 2; Carl Zeiss, 
Jena, Germany) at magnifications x100 to x400.

A                                                                              B                                                                           C

Fig. 1. Photographs of experimental samples of synthetic polyvinyl formal (PVF) based hydrogel implants: PVF hydrogel 
(alias, PVF-based hydrogel) (A); PVF/AuNP hydrogel (PVF based hydrogel with incorporated gold nanoparticles) (B); PVF-
based PNIPAM hydrogel (polyvinyl formal based hydrogel impregnated with poly(N-isopropylacrylamide) (C)
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Microsoft Excel software (Microsoft) was used for cal-
culations. Data are presented as mean ± standard error of 
mean.

Results
Scanning electron microscopy (SEM) showed that PVF 

matrices had a hierarchical porous structure with large 
interconnected transport pores (with a Feret diameter of 
100–200 µm) and significantly smaller pores (about 5–10 
µm) in their walls (Fig. 2a). Pores formed a homogeneous 
honeycomb structure with 1-µm-thick walls. The inclusion 

of AuNPs at a concentration of 12.06 µg/g (i.e., a gold to 
PVF ratio of 1:100000) did not change the architecture of 
the PVF matrix (Fig. 2b), because the distribution, shape 
and size of pores did not change. This indicates that AuNPs 
can be introduced in the PVF matrix with no impact on the 
porous structure of the matrix. Filling the matrix with PVF 
based PNIPAM hydrogel resulted in a significant decrease 
in the size of macropores and increase in the size of pore 
walls to 2–3 µm (Fig. 2c), with no blockage of transport 
pores.

Fig. 2. Scanning electron microscopy (SEM) photographs of polyvinyl formal (PVF) hydrogel (A); PVF based hydrogel with 
incorporated gold nanoparticles (PVF/AuNP hydrogel, 12.06 µg/g) (B); polyvinyl formal based hydrogel impregnated with 
poly(N-isopropylacrylamide) (PVF-based PNIPAM hydrogel) (C). Original magnifications: х 3790 (A); х 1290 (B); х 379 (C)

A

B

C
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The results of TGA provided a comprehensive under-
standing of the behavior of PVF based PNIPAM hydrogel 
at different thermal conditions (Fig. 3). We found that heat-
ing at a temperature ranging from 20 to 150 °C resulted in 
insubstantial (about 5%) loss of weight due to evaporation 
of both volumetric water and the water adsorbed by the 
functional groups of the polymer. A wide plateau region 
extending to 300 °C was attained further on, indicating the 
absence of destructive processes at this temperature range.

A weight loss with a further increase in temperature 
was associated with a release of volatile components by 
the present functional groups during their thermolysis, 
which was clearly seen on the DTG curve at a maximum 
of 385 °С. These volatile components were mainly NH3, 
CO and CO2 of the amide group present in PNIPAM. Fur-
ther heating resulted in fragmentation of the hydrocarbon 
skeleton at 450 °С and dehydroxylation of residual hy-

droxyl groups and complete destruction and combustion 
of organic macromolecules at 530 °С.

Therefore, the synthesized hydrogels exhibited good 
thermal stability within a temperature range significantly 
greater than that in which they are usually used. Addition-
ally, they withstand steam sterilization at 121 °C for 15 
minutes without substantial changes, which is extremely 
important for medical devices.

Table 1 and Figure 4 present the results of evaluation of 
in vitro and in vivo regenerative processes resulting from 
the effect of experimental samples of PVF based hydro-
gels.

The most active regeneration of the damaged Vero cell 
monolayer resulted from the effect of the sample of PVF/
AuNP (12.06 µg/g) hydrogel. The mean WCP for this sam-
ple was which significantly better than for the monolayer 
of control cells (91% versus 60%, respectively).

Fig. 3. Thermographic analysis (1) and differential thermogravimetry (2) curves for polyvinyl formal based hydrogel impregnated 
with poly(N-isopropylacrylamide)

Table 1. Efficacy of in vitro regeneration of Vero cells resulting from the effect of synthesized hydrogels

Sample

Wt0 (pixel),
wound width at baseline

(t0)
M±m

WΔt (pixel),
wound width in 48 hours

(Δt)
M±m

Wound 
closure 

percentage

Control 868.21 ± 9.10 351.18 ± 48.99 60

PVF/AuNP hydrogel (12.06 µg/g) 868.21 ± 9.10 74.86 ± 41.05 91

PVF hydrogel 868.21 ± 9.10 183.65 ± 44.23 79

PVF-based PNIPAM hydrogel 868.21 ± 9.10 212.77 ± 49.18 76

Note: PVF hydrogel, polyvinyl formal based hydrogel; PVF/AuNP hydrogel (12.06 µg/g), polyvinyl formal based hydrogel with 
incorporated gold nanoparticles; PVF-based PNIPAM hydrogel, polyvinyl formal based hydrogel impregnated with poly(N-
isopropylacrylamide)
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Forty-eight hours after wound infliction, just signs of 
the formation of areas of complete wound confluence (Fig. 
4b) in controls, and areas of complete confluence in the 
cell monolayer were observed in the media conditioned 
with the sample of PVF/AuNP (12.06 µg/g) hydrogel (Fig. 
4c).

The mean WCP for the sample of PVF hydrogel was 
smaller than for the sample of PVF/AuNP (12.06 µg/g) 
hydrogel (79% versus 91%), but was 19% larger than for 
controls (60%). Good cell growth with the formation of 
confluence areas was seen at the site of scratch (Fig. 4d).

Forty-eight hours after wound infliction, formation of 
areas of complete wound confluence of the damaged Vero 
cell monolayer, with a mean WCP of 76%, was observed 
for the sample of PVF-based hydrogel impregnated with 
PNIPAM (Fig. 4e). Therefore, in the media conditioned 
with the sample of PVF-based hydrogel impregnated with 
PNIPAM, the efficiency of regeneration of the damaged 
Vero cell monolayer as assessed by the WCP was rather 
close to that in the media conditioned with the sample of 
PVF-based hydrogel.

Fig. 4. Regeneration of Vero cell monolayer. Wound width at baseline (time point t0) (A). Efficacy of wound closure in 48 
hours (time point tΔt) in control (B) and the medium conditioned with polyvinyl formal based hydrogel with incorporated gold 
nanoparticles (PVF/AuNP hydrogel, 12.06 µg/g) (C), polyvinyl formal based hydrogel (PVF hydrogel) (D), and polyvinyl formal 
based hydrogel impregnated with poly(N-isopropylacrylamide) (PVF-based PNIPAM hydrogel) (E)

Fig. 5. State of the orbital tissue on day 5 after implantation 
of polyvinyl formal based hydrogel with incorporated gold 
nanoparticles (PVF/AuNP hydrogel, 12.06 µg/g) in this tissue

Fig. 6. State of the orbital and conjunctival tissue on day 5 
after implantation of polyvinyl formal based hydrogel with 
incorporated gold nanoparticles (PVF/AuNP hy-drogel, 12.06 
µg/g) in the scleral sac

A B C D E
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Given the efficacy of regenerative processes resulting 
from the effect of experimental samples of PVF based hy-
drogels, the sample of PVF/AuNP (12.06 µg/g) hydrogel 
was selected for subsequent іn vivo experiments.

On days 5 to 10 after implantation of PVF/AuNP 
(12.06 µg/g) hydrogel in the orbital tissue, all animals who 
underwent this implantation exhibited edema of postop-
erative suture site and adjacent conjunctiva (Fig. 5).

On day 10, there was mild conjunctival edema, wound 
edges appeared well approximated, and sutures were still 
in place.

On days 1 to 5 after implantation of PVF/AuNP (12.06 
µg/g) hydrogel in the scleral sac, all animals who under-

Fig. 7. State of the crest skin tissue on days 5 (A) and 10 (B) after implantation of polyvinyl formal based hydrogel with 
incorporated gold nanoparticles (PVF/AuNP hy-drogel, 12.06 µg/g) 

Fig. 8. Polyvinyl formal based hydrogel with incorporated gold nanoparticles (PVF/AuNP hydrogel, 12.06 µg/g) on days 10 (1, 
residual implant; 2, accumulation of macrophages /histiocytes); 3, dense fibrous tissue) (A) and 30 (1, fibroblast proliferation; 
network structure; 3, fibrous tissue) (B) after placement in the orbital tissue. Original magnification: 100x

went this implantation exhibited conjunctival and orbital 
edema, with sutures still being in place (Fig. 6).

Additionally, on days 5 to 10, sanious and serous dis-
charge from the conjunctival sac was observed.

Observation of the postoperative wound of the skin and 
conjunctiva on days 2, 5 and 10 revealed that wound heal-
ing was by primary intention.

After implantation of PVF/AuNP (12.06 µg/g) hydro-
gel below the crest intradermally, mild tissue edema at the 
site of implantation was observed on day 5 (Fig. 7a), and 
was found to be absent on day 10 (Fig. 7b).

Histological studies of in vivo soft tissue response on 
days 10 to 30 after implantation of PVF/AuNP (12.06 

BA

BA
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Fig. 9. Polyvinyl formal based hydrogel with incorporated gold 
nanoparticles (PVF/AuNP hydrogel, 12.06 µg/g) on day 10 
(1, fibrous tissue; 2, fibroblast proliferation; 3, accumulation 
of macrophages/ histiocytes) (A) after placement in the 
scleral sac. Original magnification: 200x

µg/g) hydrogel showed that, in tissues adjacent to the 
implant, inflammatory changes were mild, with mainly 
small lymphocyte infiltrates and sometimes eosinophilic 
infiltrates, without foci of suppurative inflammation (infil-
tration of white blood cells). On days 10 to 30, we noted 
a tendency toward implant replacement with fibrous con-
nective tissue. However, the process of implant replace-
ment did not complete: in all cases, sites of macrophage/
histiocyte infiltration or mild fibroblast infiltration and im-
plant fragments remained at the edge of the implant. These 
sites were seen as areas of intense hematoxylin staining 
(basophilic sites) or eosinophilia, sometimes with inclu-
sions of network structures.

On day 10 after implantation, the percentage ratio of 
the residual to the total area of the implant ranged from 
30 to 50%.

There were macrophage/histiocyte infiltrates with pe-
ripheral displacement of histiocytes (macrophages) by 
fibroblastic cells that exhibited migration to the fibrous 
tissue at the margin between the implant and surrounding 
dense fibrous tissue.

On day 30 after implantation, fibrous tissue could be 
seen also in deep layers of the implant. Nevertheless, un-
til this time point, the percentage of the total implant area 
replaced by fibrous tissue did not exceed 50–70%, with oc-
casional sites of macrophage/histiocyte infiltrates showing 
signs of fibroblast proliferation. Gradual development of 
fibrous tissue resulted in macrophage/histiocyte displace-
ment from the periphery to the center of the implant.

No implant resorption was observed; rather the site 
of hydrogel implantation was presented by macrophages/ 
histiocytes, fibroblasts and fibrous tissue. Figs. 8 and 9 
show the examples of major histopathological patterns of 
changes in the implant on days 10 and 30.

Histologically, implants were seen as chaotically 
distributed areas of amorphous hematoxylin-and-eosin 
staining, sometimes with insignificant involvement of 
non-stained filamentous cells, likely due to the presence 
of corresponding basophilic and acidophilic groups in the 
polymer structure. Until day 30 after implantation of PVF/
AuNP (12.06 µg/g) hydrogel into the sclera sac, orbital 
tissue or intradermally, the above cells were occasionally 
present, accounting for 5-10% of the total area of the his-
tological section of the implant.

Discussion
Our energy-dispersive X-ray (EDX) analysis of hy-

drogels showed that C and O were the major elements 
present in the PVF-based hydrogel, PVF/AuNP hydrogel 
and PVF-based hydrogel impregnated with PNIPAM, but 
only the latter hydrogel contained also nitrogen. In addi-
tion, this nitrogen was homogeneously distributed (mean 
and standard deviation for percentage content of nitrogen, 
11.61 ± 0.51%), indicating the homogeneity of this hydro-
gel. The hierarchical porous structure of PVF matrices can 
provide an ideal environment for cell growth and nutrient 
transport, potentially enhancing the effectiveness of appli-
cations of PVF nanocomposites in tissue engineering and 
plastic and reconstructive surgery. However, understand-
ing the thermal behavior of PVF-based implants is also im-
portant. The key features (like phase transitions, thermal 
stability and decomposition temperature) have a direct im-
pact on durability and applicability of PVF-based hybrid 
hydrogels in tissue engineering and medicine.

The wound-healing assay is commonly used today for 
evaluating in vitro regenerative processes. It simulates cell 
migration in vivo [27], is simple, inexpensive, and does 
not require the use of special cultures of eukaryotic cells.

In the current study, the wound-healing assay was used 
for evaluating the effect of synthesized PVF-based hy-
drogels on in vitro regeneration of the damaged Vero cell 
monolayer. The most active regeneration of the damaged 
Vero cell monolayer resulted from the effect of the sample 
of PVF/AuNP (12.06 µg/g) hydrogel, followed by PVF-
based hydrogel and PVF-based hydrogel impregnated with 
PNIPAM. An increased regenerative potential of PVF/
AuNP (12.06 µg/g) hydrogel compared to PVF-based hy-
drogel is likely to be caused by the effect of AuNPs, which 
is confirmed by the literature [12].

In vivo studies of regenerative processes demonstrated 
that, on days 1 to 5 after implantation of PVF/AuNP (12.06 
µg/g) hydrogel in the scleral sac, orbital tissue or below 
the crest intradermally, all rabbits who underwent this im-
plantation exhibited edema of postoperative suture and ad-
jacent conjunctiva and mild sanious and serous discharge 
from the conjunctival sac. These edema and discharge re-
duced after 5 days and disappeared on days 8-10.

Histomorphological studies showed PVF/AuNP (12.06 
µg/g) hydrogel had good biocompatibility and did not 
cause a negative inflammatory response in the form of 
acute inflammation. The inflammatory reactions seen in 
the tissues adjacent to the implant included mostly mild 
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diffuse lymphocytic infiltration close to the implant sur-
face, with no inflammatory reactions seen at the sites more 
remote from the implant. Most frequently, inflammatory 
reaction was seen on day 10, tending to reduce on day 30.

PVF/AuNP (12.06 µg/g) implant staying in the scleral 
sac, orbital tissue or below the crest intradermally resulted 
in gradual implant replacement with fibrous connective 
tissue. Additionally, no macrofage reaction (e.g., no mul-
tinuclear giant cell reaction) was observed, evidencing 
against implant resorption.

Conclusion
Therefore, the most active in vitro regeneration of the 

damaged Vero cell monolayer resulted from the effect 
of the sample of PVF/AuNP (12.06 µg/g) hydrogel, the 
mean WCP for this sample (91%) being significantly 
superior to those of examined samples of other hydrogels. 
In vivo studies of local effects demonstrated that, after 
implantation of PVF/AuNP (12.06 µg/g) hydrogel in the 
scleral sac, orbital tissue or below the crest intradermally, 
the rabbits exhibited mild edema of postoperative suture 
and adjacent conjunctiva, which soon resolved.

Histomorphological studies of responses of the rabbit 
orbital and crest tissue to the hydrogel implant found 
neither implant resorption nor acute inflammation of the 
surrounding tissue.

Our in vitro and in vivo study of regenerative processes 
resulting from the effect of experimental samples of 
synthetic PVF based hydrogel implants demonstrated that 
PVF/AuNP (12.06 µg/g) hydrogel is highly biocompatible 
and had promise as an implant material.
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