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OneHka OMOCOBMECTHMOCTH 3KCNEPUMEHTAJIbHOI MEMOPAHDI
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YBeAnUYeHne TOHHOCTH MoKasaTeAen MOHUTOPUPOBAHNA KOHLUEHTPAaUMU FAIOKO3bl U YBEAUHEHNE BPEMEHN 6eCI'IpeprBHOI7I pa6OTbI
CEHCOPOB IAIOKO3bl ABAAIOTCA NEPCNEeKTUBHbIMKU HarpaBA€HMEM pa3pa60TOK B Anabetorornn. OaHUM M3 cnocobos YBEAUHEHUA
Cpoka pa6OTbI CEeHCOpa SBASIETCA €ro MnoAHasg MMMNAaHTauus, MCKAlOHalolWwaa Mnpsamyio CBA3b C NOBEPXHOCTbIO KOXM. Ans
3¢)¢)eKTMBHOI71 AAUTEABHOM pa6OTbI B OpraHusme nauneHTa noBepxHOCTb UMNAQHTUPYEMOI O CEHCOPAa AOAXKHa obAaaaTb BbICOKOW
6MOCOBMECTUMOCTbIO: He npoBOUMPOBaTb Pa3BUTHME AAAEPTNYECKNX U BOCMAAUTEAbHbLIX peaKuMH, HE MHAYUMPOBATb peakuuto
OTrpaHn4yeHnd (o6pa3OBaHme MAOTHON COEAMHUTEAbHOTKAHHOM KaI'ICy/\bI). PaHee 6bina n0A06paHa NpoHMLUaeMasa AASl FTAIOKO3bl
MeM6paHa, a TakKxe pa3pa60TaHo NOKPbITHUE AAA obecneyeHus 6I/IOCOBMBCTI/IMOCTM, BKAIOYatoLlee KOMIMAEKC HaApanopuHa
C I'IEpe3Tepeq‘.)l/lLll4pOBaHHblM NMOAUITUAECHTAUKOAEM U Y-aMUHOMNPOMUATPUSITOKCUCUAQHOM, 06pa3y+0|.um71 Ha TMOBEPXHOCTH

MeM6paHbI OTTaAKMBalOWMIK HEAKOBbIE MOAEKYAbI TMAPOT€Ab.

Lleanb nccreaoBaHnsi — oueHka OMOCOBMECTUMOCTH 3KCI'Iepl/IMEHTa/\bHOI7I MeM6paHbI C MNOKPbITUEM NPU MMMAAHTALKUKN €ero

/\a6opaTopr|M XKMBOTHbIM.

Marepuas u metoasl. [poBeseHO 3KCNepUMeHTaALHOE NPOCMEKTUBHOE KOHTPOAMPYeMOe MCCAeAOBaHMe Ha 60 kpbicax Wistar. )KMBOTHbIX
pasaeAnAn Ha Tpu rpynnel no 20 ocobeit. Kaxaoi rpynne npoBeaeHa MMMNAAHTaUMs MeMOpaHbl: CTaHAAPTHOM, 3KCNepUMEHTaALHON 1
3KCMEPUMEHTAALHOM C UCCAGAYEeMBIM MOKPbITHUEM. Mocae uMnAaHTaLmMK B TedeHre 90 CyT MaKpOCKOMMUYECKM OLIEHUBAAKM COCTOSHME KOXM

B 30HE MMMAQHTaUWN. L1epe3 90 CYT MPOBOAMAU TMCTOAOTMYYCKYHO OLEHKY COCTOAHMUSA TKaHen BOKPYT UMIMAaHTaTa.

PesyabTatbl. B TedeHne 90 cyT He OTMEUEHO Cepbe3HbIX peakUMi aAAepri MAM BOCMAAEHUS B 30He MMMAaHTaUMM 0bpa3uos
BO BCeX Tpex rpynnax >KMBOTHBIX. B cAydasix MMMNAaHTaUMM 3KCMEPUMEHTAALHOM MemOpaHbl C MOKPLITMEM KOXHbIE peakumnm
6bIAM cAabee (KMBOTHblE HabpaAM 3HAUMTEAbHO MEHbLIYIO CyMMY GaAAOB MpK BM3YaAbHOW OLIEHKE KOXHbIX peakuwui). Mpu
FMCTOAOTMYECKOM aHaAM3e COCTOSIHME TKaHel BOKPYM 30Hbl MMMAQHTaLMKU MCCAEAYEMBIX MemMOpaH C MOKPbITUEM OTAMYAAOCh
3HAUYUTEABHO MeHblIEN MAOTHOCTbIO (hOPMMPYIOILEHCS CORAMHUTEABHOTKAHHOM KanCyAbl M HaAMYMEM 30H BaCKyAspu3aLnn B

obAacTM KOHTaKTa NOBEPXHOCTHU MeMﬁpaHbl n Opr)KaIOLLleVI TKaHMW.

3akaodenne. Y IKCNEPMUMEHTAAbHBIX XXMBOTHbIX UCCAECAYEMOE MOKPbLITUE MO3BOAAET B 3HAQUYUTEAbHOM CTeneHu 6AOKMpOBaTb
06pasoBaHl4e COEAUHUTEAbBHOTKAHHOM KancyAbl BOKPYr WMNAaQHTaTa WM YMEHbWUTb WHTEHCMBHOCTb MPOTEKAOWMNX MOCAe
UMNAAQHTAUMN KOXHbIX peaKuMH. Tpe6yr0Tc;| AAAbHENLWNE KAMHUYECKME WUCCAEAOBAHUSA O6pa3LlOB NOKPbITbIX MeM6paH AAA

MOATBEPXAEHUA NX CBOWMCTB B OTHOLEHMU BMOCOBMECTUMOCTH.
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Evaluation of biocompatibility of an experimental membrane for glucose sensors: the results
of a prospective experimental controlled preclinical study involving laboratory animals
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An increase in the accuracy of monitoring of glucose concentration indicators and an increase in the running time of glucose
sensors are promising directions in the field of diabetology. One of the ways to extend the lifetime of a sensor is its complete
implantation excluding direct communication with the skin surface. For effective long-term functioning in the patient’s body, the
surface of an implantable sensor should be highly biocompatibile: it should not induce allergic and inflammatory reactions as
well as the demarcation reaction (formation of a dense connective tissue capsule). Earlier, a group of authors developed a glucose-
permeable membrane and a biocompatible coating comprising a complex of nadroparin with transesterified polyethylene glycol

and y-aminopropy! triethoxysilane, which formed a protein repellent hydrogel on the membrane surface.
Aims. To evaluate the biocompatibility of the experimental coated membrane implanted into laboratory animals.

Methods. The experimental prospective controlled study involved 60 laboratory animals (Wistar albino rats). The animals were
divided into 3 groups of 20 animals each. Animals of each group were implanted with the standard, or experimental, or experi-
mental coated membrane. After implantation, the skin condition in the implantation area was visually assessed for 90 days. After

90 days, the tissue condition around the implant was evaluated histologically.

Results. No serious allergic or inflammatory reactions in the implantation area were detected in all three groups of animals within
90 days of the follow-up period. In the case of the experimental coated membrane, a significantly low score was graded based
on visual assessment of the skin reactions. In the histological analysis, the tissue condition in the implantation area of the coated
membranes was characterized by significantly lower density of a connective tissue capsule and the presence of vascularization

areas at the contact between of the membrane surface and the surrounding tissue.

Conclusion. In experimental animals, the tested coating significantly inhibits formation of a connective tissue capsule around the
implant and reduces the intensity of skin reactions after implantation. Further clinical studies of coated membranes in humans are

required to verify their biocompatibility.
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Continuous glucose monitoring (CGM) is one of the
most effective ways of self-monitoring of glycemia, which
significantly improves treatment outcomes in patients
with diabetes mellitus [1—5]. Modern CGM devices are
based on temporarily implanted glucose sensors [6]; in
this case, one of the actively developing areas of CGM
technologies is the development of tiny glucose biosen-
sors for long-term (many months and even years) im-
plantation [7]. Implementation of this task requires,
among other things, much higher biocompatibility com-
pared to that of existing devices, commercially available
versions of which can stably operate in the human body
only for less than 14 days [8—10].

Biocompatible materials have been actively devel-
oped for more than 40 years. In this case, creation of bio-
compatible coatings for implants remains one of the most
actively developing areas. The highest standards of bio-
compatibility are specified for coatings of implantable
biosensors. These coatings should avoid provoking the
body’s response to foreign material and simultaneously
enable penetration of biomarker molecules directly to the
sensor. In addition, the biosensor coating should reduce
or eliminate encapsulation effects and be resistant to bio-
fouling (sorption of protein molecules on the coating sur-
face, leading eventually to clogging of pores and a de-
crease in permeability for biomarkers).

For application in implantable glucose sensors, a
highly hydrophilic coating, a complex of nadroparin
(Nad) with transesterified polyethylene glycol (PEG)
and y-aminopropyl triethoxysilane (AGM-9), forming
a protein-repelling hydrogel on the membrane surface,
potentially reducing sorption of fibrin, and inhibiting
an inflammatory response was developed at the Endo-
crinology Research Centre [11]. PEG is a hydrophilic
and non-toxic polymer consisting of repeating
(-CH,CH,-0-) units, which has a simple structure. It
is extensively used for modification of membrane sur-
faces [12] and known as an agent inhibiting bio-con-
tamination. AGM-9 is an amino-functional coupling
agent used to form strong chemical bonds between in-
organic substrates and organic polymers. In the syn-
thesized coating, AGM-9 acts as a polymerizing agent
and promoter of nanscent polymer adhesion to the
substrate (glucose-permeable membrane). Theoreti-
cally, high biocompatibility of the synthesized coating
may be caused, in particular, by weak PEG—AGM-9
ether bonds and a low interfacial energy at the poly-
mer-water interface (<5 mJ/m?) [13]. Nad, depoly-
merized heparin (a direct-acting anticoagulant) with a
molecular weight of 4,000 to 5,000 Da was used as a
pharmacological modifier of a polymeric composite in
the synthesized coating.

Previous in vitro hemocompatibility testing of syn-
thesized membranes and coatings demonstrated good
results for their hemolytic potential, effect on the rate of
blood clotting, and inhibition of adsorption of blood cells
and proteins on the membrane surface [11].
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Study purpose

The study purpose was to assess biocompatibility of
the synthesized membranes and coatings in in vivo ex-
periments.

Material and methods

Study design

We performed a prospective preclinical experimental
controlled study.

Eligibility Criteria
Mature Wistar rats of both sexes and an initial weight

of 300—400 g were used in the study. The age of all ani-
mals at the study onset was 12 weeks.

Experimental conditions

This was a blind study: researchers were provided
with the minimum necessary information about tested
materials (storage conditions and instructions for the use
of materials, without disclosure of their composition and
biochemical properties).

All materials for implantation were pre-sterilized and
placed in injectors.

The study was performed in the vivarium of the Fac-
ulty of Medicine of the Peoples’ Friendship University of
Russia.

Experimental animals. Animals were kept in groups of
5—6 rats in a cage with free access to water and feed and
a 12/12 light cycle in well-ventilated rooms (multiplicity
of 10—12 rph with a sterile laminar flow) with air tem-
perature of 22—25 °C and humidity of 30—70%. On the
first experiment day, access of rats to feed was reduced.

Implants. Experimental samples served as the study
material:

— Samples A — sterile samples of polymeric coatings
on the basis ofa Nad, PEG, and AGM-9 complex (complex
1, K1) applied to a cellulose acetate capsule (2X6 mm);

— Samples B (negative control) — sterile cellulose
acetate capsules (2X6 mm);

— Samples C (positive control) — sterile standard
polyethylene terephthalate samples 2X6 mm in size (Ka-
zanorgsintez, Russia; in accordance with ISO 5834-
2:1985).

Fabrication of implantable capsules. Membrane samples
were implanted in the form of capsules that were prepared
from pieces of cellulose acetate dialysis filter tubing (6 mm
in diameter, 0.25 um pore size, 50% porosity, and 25 um
thick) by sealing both ends of polyethylene terephthalate.
Sealing resulted in the minimum roughness of the ends.

Coating of capsules. Transesterified AGM-9 and PEG
comprising Nad (~1.5 U/cm?) were sprayed onto cellu-
lose acetate capsules (~0.5 mL) in two steps. The coating
was fixed on capsules using UV curing (~1.8 J/cm? under
a nitrogen atmosphere for 2 min).
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Fig. 1. An injector for subcutaneous implantation.

Sterilization of samples. Samples were sterilized by
double autoclaving at a temperature of 220 °C and pressure
of 1.5 bar for 10 min, immediately before implantation.

Study duration

Animals were monitored for 90 days. The study was
conducted between July and October 2016.

Medical procedures

Before the study onset, blood samples were taken in
all animals to obtain data for control and comparison
purposes.

Preparation of animals. Animals were anesthetized by
inhalation with diethyl ether. Before implantation, hair
was shaved on tested skin areas. The shaved area was
completely washed with warm water and dried with dry
sterile gauze, placing the animals in clean plastic con-
tainers. At least 2 h after hair shaving, the condition of
tested skin areas was assessed.

Implantation. The examined skin area was pretreated
with 70% ethyl alcohol. Sterile materials were implanted
into the interscapular skin fold using a special injector for
implantation of subcutaneous electronic animal tags
(Global-Vet, Spain) (Fig. 1). This was the least aggressive
implantation technique.

Bruisings were removed with a sterile cotton swab
impregnated with 70% ethyl alcohol.

Sampling of biomaterials in animals. Blood (150 uL) was
sampled from the tail vein using a pre-heparinized microsy-
ringe. The analysis was performed usinga SPOTCHEM EZ
SP-4430 biochemical automatic analyzer (Arkray, Japan),

Table 1. A scheme for assessment of intradermal reactions

ORIGINAL STUDY

with allowance for potential development of acute, sub-
acute, and chronic inflammatory processes.

Blood chemistry tests were performed to control the
occurrence of inflammatory phases as a response to im-
plantation.

Implant removal. The animals were sacrificed by elec-
tric current 90 days after implantation. An implant was
excised together with the formed capsule and about 5
mm surrounding unchanged soft tissue.

The main study outcome

The conclusion about biocompatibility of the experi-
mental membrane was based the time until the inflam-
matory response onset after implantation as well as the
period of recurrent inflammatory responses.

Additional study outcomes

An additional object of evaluation was the structure
and properties of the connective tissue capsule formed
around the implant 90 days after implantation of the ex-
perimental coating into the skin.

Analysis in subgroups

The experimental animals were divided into three
groups:

— Group A — 20 animals implanted with sample A;

— Group B — 20 animals implanted with sample B;

— Group C — 20 animals implanted with sample C.

Outcome detection methods

Primary microscopic evaluation. Original coated
membrane samples dried under vacuum were examined
by electron microscopy to collect control data. A 20—25
nm thick tungsten layer was sprayed on samples using a
Cressington 208HR sputter coater. Microphotographs
were acquired with a Nova NanoSEM scanning electron
microscope (FEI, USA).

Visible skin reactions. To detect visible skin reactions,
the animals were examined 6 h after implantation and then
every day for 90 days. On examination, the degree of a tis-
sue response, including erythema and edema, was assessed

Response

Score

Erythema and scab formation
No erythema
Very slight erythema (barely perceptible)
Well-defined erythema
Moderate erythema
Severe erythema (dark red) with scab formation
Edema
No edema
Very slight edema (barely perceptible)
Well-defined edema
Moderate edema (raised approximately 1mm)
Severe edema (extensive, raised more than 1mm)
Maximum score

A WO = O

o A W= O
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Table 2. Mean scores of skin reactions to implantation of samples
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Sample group Total score of skin reactions Mean score Difference with group A
Group A samples 606 0,541071 —
Group B samples 1480 1,321429 0,409459
Group C samples 820 0,732143 0,739024

for the injection site and each observation time interval ac-
cording to the classification presented in Table 1.

For better evaluation, two animals from each group
were intravenously injected with a vital dye, trypan blue,
45 and 90 days after implantation (for staining irritation
spots). After 90 days, a total score was summarized for
each test sample and an appropriate control sample. The
sums were divided by 3,600 (20 animals x 90 evaluation
periods X 2 estimated categories) to calculate the mean
value for each test sample and an appropriate control
sample. The test requirements were considered to be ful-
filled if the difference between the mean value in the test
group and an appropriate control was <1.0.

Histological analysis. Excised samples were used for
histological examination; fixation was carried out in 10%
formalin. Samples were processed in accordance with
GOST R ISO 10993.6-99: after standard treatment with
alcohols, the samples were embedded in paraffin to pre-
pare 5—6 um thick slices and stained with hematoxylin-
eosin. Histological specimens were analyzed using a
Nikon Eclipse light microscope.

Ethical review

The study protocol was approved by the local Ethics
Committee of the Medical Institute of the Peoples’
Friendship University on June 24, 2015 (extract from
Protocol No. 12 of 08.12.16).

Statistical analysis

Sample size calculation principles: the sample size was
not predetermined.

Methods of statistical data analysis. Statistical pro-
cessing of the data was carried out using the Statistica
v.8.0 software package for PC. The group arithmetic
mean (M) and the standard error of the mean (m) were
calculated for all quantitative data.

Results

SKkin reactions

— After implantation of samples A, mild erythema
was observed in the implantation area within the first 6 h.
In 18 of 20 cases, there was no edema; no erythema de-
veloped after 24 h. In 2 cases out of 20, there was slight
edema with clearly discernible erythema for 24 h; there
was no erythema after 36 h; the edema began to subside
after 48 h; no edema was observed on the third day. On

day 45, there was a complete absence of erythema and
very slight edema in all cases with a difference of 2—2.5
h; after the development, edema persisted for 5 days.

— After implantation of samples B, mild erythema
was observed for the first 6 h, which then completely dis-
appeared within 4 h (10 h after implantation). After 3
days, moderate edema with clearly discernible erythema
developed; the erythema persisted for another 4 days; on
day 8, erythema became weak; the edema became clear-
ly discernible on day 11. On day 16, there was no erythe-
ma, and the edema became very slight. After 28 days,
there was no edema.

— After implantation of samples C, there was clearly
discernible erythema for the first 6 h, which, together
with slight edema, persisted less than 2 days; on day 4,
the erythema became slight, there was no edema. On day
8, there was no erythema, and very slight edema devel-
oped. After 15 days, edema was absent.

The difference between the mean total score of skin
reactions in test group A and the mean values in groups B
and C did not exceed 1.0 (Table 2).

Blood chemistry testing

Primary chemistry blood testing of animals before
the experiment revealed no abnormalities or inflamma-
tory processes.

— In the group of sample A, there were no indicators
of an inflammatory response 8 h after implantation; 45
days later, there were indicators typical of the acute phase
of an inflammatory response, with gradual attenuation of
the inflammatory response; after 59 days, the indicators
were typical of the subacute phase of an inflammatory re-
sponse; after 70 days, the indicators returned to normal
values.

— In the group of sample B, indicators typical of the
acute phase of an inflammatory response occurred in 3
out of 20 cases after 8 h; indicators typical of a mild in-
flammatory process were observed in 17 of 20 cases; on
days 10 and 21, indicators in all 20 cases were typical of
the subacute phase of an inflammatory response with
gradual subsiding; after 31 days, mild chronic inflamma-
tion was observed; after 41 days, the indicators were min-
imally different from normal values; after 51 days, the
indicators returned to normal values.

— In the group of sample C, indicators typical of a
mild inflammatory process were observed 8 h after im-
plantation; after days 7 and 10, indicators typical of the
subacute phase of an inflammatory response with gradual
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Fig. 2. The coating surface structure of samples A (x1,500).

subsiding were observed; after 21 days, mild chronic in-
flammation was observed; after 31 days the indicators re-
turned to normal values.

Primary microscopic evaluation (Fig. 2—4)

Primary microscopic evaluation demonstrated that a
10 um thick stable defect-free coating formed on sam-
ples.

Histological evaluation

A histological analysis performed 90 days after im-
plantation showed no necrosis and necrotic changes in
surrounding tissues in all samples.

An examination of sample B revealed the absence
of foreign material fragments in a capsule surrounding
the implanted sample; the sample was surrounded by
connective tissue structures (Fig. 5.3B) closely adja-
cent to the sample surface. In the case of sample C
(Fig. 5.1C), a thick capsule formed around the sample.
The capsule had signs of fibrinoid impregnation and
contained numerous large macrophages with an annu-
lar nucleus and an eosinophilic cytoplasm. A discern-
ible fibrous capsule formed in samples without coat-
ing. A comparable amount of macrophages and fibro-
blasts in the implant-surrounding tissue was typical of
all samples B and C.

Microscopic images of histological specimens of
group A animals demonstrate the lowest staining inten-
sity of surrounding connective tissue, which may indicate
a much lower content of dense collagen in the connective
tissue capsule surrounding samples A with the K1 coating
as well as the development of capillaries partially involv-
ing the coating (Fig. 5.3A). In addition, the smallest
number of fibroblasts in tissue adjacent to the coating was
observed in samples A.

ORIGINAL STUDY

Fig. 3. The coating surface structure of samples A (x5,998).

Fig. 4. A cross-section of a coated sample A (x1,000).

Adverse events

Implantation of all samples was not accompanied by
serious adverse events. It should be noted that bleeding
ceased after 4—5 min upon implantation of samples B
and C, whereas there was slight bleeding for 10—13 min
in two cases of sample A, which was obviously caused by
the presence of Nad anticoagulant in the K1 coating
structure.

Discussion

Summary of the findings

Satisfactory biocompatibility of the synthesized ex-
perimental membranes for glucose sensors was revealed

PROBLEMS of ENDOCRINOLOGY 2017;63(4):219-226
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Fig. 5. Microphotographs of excised samples.
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Line A: 1A — a longitudinal section of an excised sample A; 2A — a magnified image of the 2A area in Fig. 5.1A; 3A — a magnified image of the 3A area in Fig. 5.1A.
Line B: 1B — a longitudinal section of an excised sample B; 2B — a magnified image of the 2B area in Fig. 5.1B, 3B — a magnified image of the 3B area in Fig. 5.1B.
Line C: 1C — a longitudinal section of an excised sample C; 2C — a magnified image of the 2C area in Fig. 5.1C; 3C — a magnified image of the 3C area in Fig. 5.1
C. Magnification: column 1 — x40; column 2 — X160; column 3 — x160 (except the 3A image with a magnification of X400).

in the preclinical experimental controlled study. Subcu-
taneous administration of the developed coating for glu-
cose sensor membranes did not cause allergic and serious
inflammatory reactions in experimental animals. Fur-
thermore, the experimental coating provided much lower
local reactivity of the animal’s body.

Discussion of the study results

Improving biocompatibility of implantable biosen-
sors is of crucial importance for increasing their lifetime.
In this study, we supposed that coatings based on an
AGM-9- and PEG-containing hydrogel comprising the
direct anticoagulant Nad with anti-inflammatory prop-
erties may significantly improve biocompatibility of the
membrane of implantable glucose sensors, which was
demonstrated both by evaluation of the skin reactions
and by chemistry blood tests in animals. Although the in-
flammatory response to implantation was still persisting,
it was significantly weaker than that to implantation of
reference samples B and control samples C: chemistry
blood testing demonstrated no inflammation markers in
samples A after 12 days. A relatively prolonged inflamma-
tory response with all phases of the inflammatory process
was observed for samples B and C. Standard samples C
were characterized by a shorter period of the inflamma-
tory response compared to that described in the litera-

ture, which, in our opinion, was related to the procedure
of material implantation by means of an injector [14].

A histological evaluation revealed an obvious differ-
ence in a tissue response to implantation of samples, de-
pending on the coating and the membrane composition.
For example, in the case of membranes with the experi-
mental coating, the implant surrounding tissue contained
a significantly smaller amount of collagen and collagen-
producing cells. Stimulation of angiogenesis may be re-
lated to the fact that Nad is depolymerized heparin, and
the effect of heparin on vascularization has been proven
by numerous studies [15]. The obtained results confirm
the influence of low molecular weight heparins on the
development of inflammatory reactions [16] as well as the
data that heparin may act as a vascular growth factor [15].

The experimental coating could not completely pre-
vent the formation of a connective tissue capsule. How-
ever, the capsule formed around coated experimental
membranes for 90 days did not contain a large amount
of collagen and was not dense enough to block filtration
of the interstitial fluid; capillary growth may accelerate
the metabolite exchange process in this area. Our find-
ings suggest that in the case of further capillary growth
in the area of contact between the coated membrane
and surrounding tissue, the intensity of glucose ex-
change will be sufficiently high to exclude a significant
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time delay in sensor readings, which is typical of cur-
rently used sensors [17, 18]. Therefore, the experimental
membrane and surrounding tissues will retain the prop-
erties necessary for implantable CGM systems to oper-
ate for a long time.

Limitations of the study

The present study was conducted on laboratory ani-
mals, and its results can not be unconditionally extrapo-
lated to humans.

Conclusion

The performed experimental preclinical study dem-
onstrates that the complex PEG- and Nad-based hydro-
gel significantly inhibits the formation of a connective
tissue capsule around the implant and reduces the inten-

ORIGINAL STUDY

sity of skin inflammatory reactions. Further clinical stud-
ies of coated membranes are required to confirm their
biocompatibility properties.
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