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Abstract: The development of chemically modified fibers for biomedical applications can be conveniently addressed
through the production of new materials for sutures. Herein, it is proposed the mutual coating of chitosan (sample C)
and a tannin-derivative (Tanfloc) — sample T for the following polymerization of polypyrrole — sample P in a complex
structure that combines the outstanding performance of components as antibacterial and antibiofilm agents. The
characterization of modified fibers was provided by SEM images, FTIR spectrum, and mechanical assays that were
conducted and confirmed the adequate deposition of coating layers on fibers. The best antibacterial activity of
the modified fiber was observed for the system prepared in the presence of three components (sample CTP) that
returned a complete elimination of Staphylococcus aureus after 60 min of contact and a reduction in the biofilm

formation in order of 99.38%.
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Introduction

Suturethreadsareessentialcomponentsforclinical
treatments (prevention of the spread of infections)™
makRing the adequate choice of materials for use in
wound treatment!?. Materials based on cotton and
silk have excellent properties such as good Rnot
security®?, requiring additional treatment to acquire
antibacterial properties (against Staphylococcus
aureus and Escherichia coli)®. The typical procedure
is based on the coating of the fibers, which can
adversely affect the intrinsic physical and handling
(mechanical properties) of the resulting material™.
As a standard procedure to avoid these drawbacks
and to reduce the risRk of surgical site infections it is
explored the incorporation of antibacterial agents
such as triclosan, which has been used as an
antiseptic for in vitro and in vivo applications with
direct reduction in the adherence of selective clinical
strains of Gram positive, Gram negative, antibiotic-
resistant and biofilm-forming bacteria to the surface
of surgical suturesP!. Polyglactin is another essential
compound that has been applied in association with
triclosan as a coating layer for the prevention of in
vivo bacterial colonizationf®l.

Despite the extensive use of triclosan, it has been
reported the limited action of this compound against
antibiotic-resistant bacterial”. On the other hand, the
use of metallic nanoparticles (MNPs) has been pro-
gressively considered in related applications due to
their non-toxic behavior for mammalian cells!®. Ba-
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sed on these aspects, combinations of silver na-
noparticles, antimicrobial peptides, and chitosan
have attracted interest in the medical field due to
their characteristic biodegradability, biocompatibi-
lity, bioadhesiveness, and non-toxicity behaviort®.
Alternatively, materials such as chitosan'¥}, tannin
derivatives and conducting polymers such as
polypyrrolel can be associated with cotton fiber
to improve its physical, handling, and antibacterial
properties.

Chitosan (a derivative of chitin) is an edible,
biodegradable, and biocompatible compound
that has been widely used for several medical
purposes, takRing advantage of its antibacterial
activity™ against Staphylococcus aureus™ which
can be controlled by deacetylation degree, molecular
weight, and pH™!. Different mechanisms have been
proposed to explain the antibacterial properties of
chitosan: the change in the cell permeability due
to the interaction between polycationic chitosan
with electronegative charges on the bacterial cell
surfacel® and the chelating activity that selectively
binds essential metals and nutrients, inhibiting
bacterial growth!!,

On the other hand, tannin derivatives possess
remarRable properties such as antimutagenic
and antitumor agents™. In addition, antiviral and
antibacterial responses have been reported for
tannins applied as additives in biopolymers, collagen
and chitosan, agarose, and starch as a result of their




unique characteristics™, involving the inhibitioninthe
proliferation of contaminants, tissue regeneration,
and wound healing. In addition, tannin-derivative
compounds have been successfully applied in the
green synthesis of metal nanoparticles and as
antibacterial agents, as reported in Ref. 29!,

Another important building blockR applied in
the improvement of the antibacterial activity of
compounds is the conducting polymer polypyrrole,
which has been considered one of the most studied
polymers, synthesized by electrochemical or
chemical methods!, and characterized by excellent
antibacterial properties for application in wearable
devices?-?°, odor control, textile-based medical
devices such as bandages and wet wipes®! being
indicated for disease and infection control such
as in multiple infections from resistant bacteria -
methicillin-resistant S. aureus (MRSA) as well as in
textile products for domestic use®?".

In particular, it is critical to the production of
suture threads that can be able to inhibit bacterial
growth at the surgical site without inducing
resistance to antibiotics. Herein, a simple strategy
to chemically modify cotton fibers by successive
coating with chitosan, tannin-derivatives (Tanfloc),
and polypyrrole is proposed to provide a material
that not only preserves the intrinsic properties of the
pristine fibers butalsointroduces the multifunctional
activity with high antibacterial activity, fast Rinetics
for Rill time assays and antibiofilm activity.

Materials and Methods

Materials

Bacteriological granulated agar (MercR,
Darmstadt, Germany), pyrrole (Sigma-Aldrich, Saint
Louis, USA), anhydrous ferric chloride (Exodus,
Sumaré, Brazil), chitosan (Exodus, Sumaré, Brazil),
hydrochloric acid (Sigma-Aldrich, Saint Louis,
United States), bacteriological tryptone soy broth
(TSB) and broth plate count agar (MercR, Darmstadet,
Germany) and acetic acid (Vetec Quimica, Rio de
Janeiro, Brazil) were used as received. Tanfloc® is a
cationic compound from the tannin extract of Acacia
mearnsii that is produced from the Mannich method
that is based on the incorporation of imine cation in
structure (responsible by cationic behavior of tannin
derivative). Tanfloc® is produced by Tanac S.A. Brazil
and more details about structure and applications
are available in Refs. 26?7 Pyrrole was distilled under
reduced pressure before each experiment. The
saline solution was prepared by dissolving 0.85 g of
sodium chloride in 100 mL of an aqueous solution.
All solutions were made using Milli-Q water with a
resistivity of 18.2 MQcm.

Methods
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Cotton threads (Linhas Extra Forte, Sao Paulo,
Brazil) with 0.5 mm in diameter and 10 cm in len-
gth were immersed in a 1% acetic acid solution for
12 h to activate the surface of fibers to be coated
by additives?®.. Following this step, the successive
coating of fiber by different additives was conduc-
ted to evaluate the influence of fillers on the overall
response of fiber coated with chitosan (sample C),
fiber coated with Tanfloc (sample T), and combined
activity of fibers coated with chitosan, Tanfloc and
polypyrrole (sample CTP) in comparison with nega-
tive control — pristine cotton fiber.

Characterization techniques

The morphology of fibers and the aggregation
level induced by the progressive incorporation of fil-
lers were evaluated from scanning electron micros-
copy carried out using an SEM Vega 3XM - Tescan
(Brno — Kohoutovice, Czech Republic) at an accele-
ration voltage of 10 RV. The chemical composition
of coating layers was scrutinized by the Fourier
transform infrared spectrum (FTIR) - KBr method in
an IR Prestige-21 Fourier transform infrared spectro-
meter Shimadzu (Japan). Mechanical evaluation of
the changes in the response of the fibers under che-
mical treatment was analyzed from an electrome-
chanical universal machine (EMIC model DL 10000,
Instron, Sao José dos Pinhais, PR, Brazil) with output
processed from TESC software.

D. Preparation of sample C

The solution was prepared by dissolving 500
mg of chitosan in 49 mL of water and 1 mL of acetic
acid (10 mg mL"). After the complete dispersion of
chitosan, 500 mg of agar was added. After that, the
cotton fibers were immersed for 30 minutes in the
resulting solution, washed with Milli-Q water, and
dried in an oven at 90°C for 5 minutes. This proce-
dure was repeated three times to ensure uniformity
of the chitosan coating layer on cotton fiber[?®,

Preparation of sample T

The sample T was prepared by dissolving 500
mg of Tanfloc in 50 mL of water (10 mg mL"). After
complete dispersion of the Tanfloc in the solution,
the cotton fibers were immersed in this solution for
30 minutes, washed with Milli-Q water, and dried in
an oven at 90 °C for 5 minutes. This procedure was
repeated three times to ensure uniformity of the co-
ated cotton fiber.

Preparation of sample CT

The steps described in sections D and E were
conducted in sequence from which the chitosan was
firstly deposited on cotton fibers for the following de-
position of the Tanfloc resulting in the sequence of
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deposition of layers of chitosan and Tanfloc — sam-
ple CT.

Preparation of sample CTP

Cotton fibers modified with chitosan and Tanfloc
were immersed in a solution of pyrrole (0.36 M) and
HCI (0.1 M) and left under stirring for 30 minutes
281 After this step, the fibers were polymerized by
adding a solution of ferric chloride (0.36 M) at 4°C
followed by agitation for 12 hours.

Agar diffusion test

Agar diffusion assays were performed according
to Ref[?). The Gram-positive S. aureus bacterial
inoculum (ATCC 25923) was prepared from a culture
Rept in agar at 4°C. An aliquot of bacterial inoculum
wasinsertedintoasalinesolutionwithaconcentration
of 0.85%, leaving the bacterial suspension with a
turbidity of 0.5 on the McFarland scale (108 CFU mL-
). With the help of a swab, this bacterial suspension
was dispersed in a PPetri dish containing plate count
agar (PCA) culture medium. Different samples (C, T,
CT, and CTP) were incorporated into the plates to
evaluate their antibacterial activity. After this step,
the plate was incubated at 37 °C for 24h[?"),

Kill time assays

The shortest time required for modified fibers
to actuate in the elimination of the bacteria was
determined from Rill time assays, conducted as
follows: 5 mL of 108 CFU mL" bacterial solution was
placed in a test tube, which was later diluted to 10
CFU mL". After homogenizing the bacterial solution,
the different fiber-based samples (C, T, CT, and
CTP) were placed in four tubes. The positive control
and the blankR were performed to compare with
the response of four different systems. Then, 100
pL aliquots were removed from the tubes at fixed
intervals of time (1 h, 2 h, 3 h, and 4 h) and placed in
Petri dishes containing plate count agar (PCA). The
plates were Rept at 37 °C for 24 h°Ifor the following
counting of the viable cells.

Biofilm assays

Using a bacteriological loop, the inoculum of
S. aureus (ATCC 25923) was dispersed in 10 mL
of tryptic soy broth (TSB) in different tubes. After
preparing the bacterial solutions, different samples
(C, T, CT, and CTP) were added to four tubes. The
positive and negative controls were performed to
compare with the results of the modified fibers.
Then, the tubes were incubated at 37 °C for 24h.

After this process, the fibers were transferred to
new tubes containing 10 mL of saline solution. The
resulting solutions (with samples) were sonicated
in a bath (f = 40 RHz) for 15 min to remove species
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trapped in the wall of the tubes (adhered biofilms).
Then, 100 pL aliquots were removed in triplicate
from each system and seeded in a PCA medium.
After that step, the plates were incubated at 37°C
for 24h, and the colonies were counted to determine
the number of viable cells in the biofilms 273031,

Toxicity assays

The toxic potential of cotton fibers associated
with different materials (chitosan, Tanfloc, chitosan,
and Tanfloc, chitosan, Tanfloc, and polypyrrole)
was evaluated against Artemia Salina. For this, the
fibers with different compositions were placed in
test tubes vigorously shaken, and subsequently
sonicated for 30 minutes to improve the dispersion
of impregnated compounds in the solution.

Results and Discussion

Structure and morphology

Thecharacteristic groups of additives incorporated
into cotton fibers were scrutinized by the FTIR
spectrum, summarized in Fig. 1. As can be seen, the
FTIR spectrum of the fiber/chitosan (sample C) shows
peaks attributed to the chitosan structure in the
range of 500 cm™ to 1084 cm™ with bands attributed
to the amine group at 1374 cm. A wide absorption
band between 3500 cm™ and 2750 cm™ is observed
for chitosan components, due to the stretching of
the primary amine (NH,) and hydroxyl groups (OH)
of chitosan. The characteristic bands at 1647 cm™and
1078 cm™ are attributed to the twisting of the —NH
group and the stretching of C—0, respectively. The
characteristic band around 1660 cm™ corresponds
to the C=0 stretching vibration of the amide group
of chitosant®?,

Figure 1- FTIR spectrum for samples C, T, CT, CP and
CTP.
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These shifts in the characteristic bands can be
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attributed to the response of the amine groups (-NH,)
from chitosan at protonated cationic form (-NH,*) in
an acidic solution, that remains in contact with the
nucleophilic surface of the cotton fiber by hydrogen
bonds and/or dipole-dipole interactions!®3!.

For sample T, the peak at 3350 cm™' is attributed
to the —OH elongation of the phenolic tannin. The
small peak near 2943 cm™ has been associated with
the bond stretching vibration between aromatic
C-H groupsB4. The peak at 1795 cm™ belonged to
the carboxyl-carbonyl group®! while the peak at
1613 cm™' corresponds to the —C=C- aromatic ring®4
and the band at 1463 cm is assigned to methylene
groups. The peak at 1292 and 1039 cm™ was mainly
due to the plane strain of the phenolic —-OH group
3637, A band attributed to the —OH in the plane strain
of the carboxylic acid group can be seen at 1141 cm
38l The off-plane vibrations from the deformation of
the C-H bond in benzene rings were represented by
small absorption bands at 936, 841, and 771 cm™ B,

Theresponse of samples prepared with the mutual
incorporation of additives into the fibers (sample CTP)
is characterized by the presence of bands at 1600
cm” (attributed to the double bond between carbons
(C=QC) of the stretching of the pyrrole ring) and the
peak at 1033 cm which is assigned to the in the

Synthesis, characterization and antibacterial...

—C-H plane deformation of the pyrrole unit 32 while
bands at 1463 and 1556 cm™ are assigned to the C-C
and C=C stretching vibrations of the polypyrrole ring
confirming the incorporation of polypyrrole on fibers
after their chemical polymerization.

SEM images were performed to evaluate the
changes in the morphology of cotton fibers under
successive steps of coating by antibacterial
additives. As shown in Fig. 2a, the incorporation
of chitosan into fibers results in a thickR Ailm that
results in the aggregation of fibers due to the
adhesive properties of chitosan. On the other hand,
the impregnation of Tanfloc on cotton fibers (see
SEM image in Fig. 2b) preserves the integrity of the
pristine material and produces a thin layer on fibers,
maximizing the surface area of material with the
minimum aggregation of fibers by agglomerates
of additives. An interesting finding is observed for
samples prepared in the mutual presence of Tanfloc
and chitosan. The typical behavior of the Tanfloc
coating prevails and a coating on individual fibers
is established (see Fig. 2c) preserving the intrinsic
morphology of the fibers (minimal aggregation of
fibers in agglomerates).

The polymerization of polypyrrole was provided
on the CT samples (see Fig. 2d) in which is possible

Figure 2 - SEM images at the same magnification (500 x) for (a) cotton fibers coated with chitosan (sample
C), (b) Tanfloc (sample T), (c) mutual deposition of chitosan and Tanfloc (sample CT), and (d) after polymer-
ization of polypyrrole on chitosan/Tanfloc layer (sample CTP).
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to identify the presence of grains of the conducting
polymer dispersed on the surface of modified fibers.

Another important characterization technique
evaluated to provide information about the modification
in the structure of fibers is the mechanical characterization
of pure and modified fibers from the force-deformation
assays.AsshowninFig.3,in comparison with the cotton
thread, it is observed a general trend of reduction
in the maximum force applied in the fibers applied
before the rupture, with a more pronounced effect
observed for the sample modified with polypyrrole,
following the order sample CTP> sample CT> sample
T> sample C> pure cotton.

Figure 3 - Force-deformation curves for samples prepa-
red with different coating layers (sample C, sample T,
sample CT, sample CTP, and pure cotton — negative
control).
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This process can be explained by the disruption
in the interactions of modified fibers induced by the
successive incorporation of chitosan, Tanfloc, and
the polymerization of polypyrrole. However, it is
worth mentioning that this reduction in resistance
does not affect the functionality or the main purpose
ofthe fibers for specific applications in sutures, since
the skin is considered a non-linear elastic material
with low sensitivity to the rate of deformation “° and
that the forces applied in the force-deformation
tests are higher than the required forces involved in
the skRin/muscle set that is under treatment.

Antibacterial assays (agar diffusion assays)

The agar diffusion assays were conducted for
pure (negative control experiment) and modified
fibers that were separated in a length of 5 cm
and disposed of as circles to maRke possible the
identification of the corresponding inhibition haloes
foreach modified fiber. All of the modified fibers were
disposed of as circles on plates that were inoculated
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with S. aureus for 24 h at 37 oC. Fig. 4a summarizes
the inhibition zones obtained for negative control
(pure cotton fiber) and samples C, T, TP, and CTP. As
canbeseen (and as expected)the pure fiber returned
negligible activity while the isolated and combined
incorporation of additives returned different
antibacterial activity. The quantitative evaluation of
the inhibition haloes is shown in Fig. 4b (as a result
of experiments in triplicate) indicating that overall
performance follows the order: sample CTP> sample
CT> sample T > sample C. The antibacterial activity
observed for chitosan-modified fiber is associated
with the amino group, which binds to the surface
components of bacteria and inhibits their growth®",

Figure 4 - Inhibition halo assays (a) image of the plate
containing circles of pure and modified fibers (sample
C, sample T, sample CT, sample CTP) and (b) mea-
sured values for inhibition haloes.
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On the other hand, the inhibition zones observed
as a consequence of the incorporation of the Tanfloc
can be explained by its characteristic ability to form
complexes with macromolecules, in addition to its
polyphenolic nature of material[*?. In terms of the
outstanding performance of the polypyrrole, this
process is attributed to the formation of positive
charges along the PPy chain, resulting in a strong
electrostatic interaction between oppositely
charged species (cationic surface of polypyrrole and
negatively charged surface of bacteria) as a main
source of antibacterial activity of the material.

Kill time assays

The Rinetics of death of S. aureus provided by
different experimental systems (coating layers)
were determined from the direct measurement
of the number of viable cells after a fixed interval
of time of interaction of bacteria and antibacterial
agent. As can be seen in Fig. 5, for samples C, T,
CT, and CTP, the general trend is observed with
the progressive reduction in the number of viable
cells with the increasing time of treatment, while the
negative control (as expected) returned negligible
variation in the number of viable cells of S. aureus.
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The higher value in the slope of the curves preserves
a direct relationship with the effectiveness of the
antibacterial agent. By direct comparison of the
responses, it can be seen that fiber CTP eliminates the
viable cells after 60 min of interaction. Intermediate
performance is observed for samples C, T, and CT,
an indication that polypyrrole is extremely important
to provide outstanding performance in terms of
bacterial inhibition in association with chitosan and
Tanfloc layers.

Figure 5 - Results of the Rill-time assays with the
number of viable cells as a function of the time of
interaction with the antibacterial agent for sample
C, sample T, sample CT, sample CTP, and negative
control.
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The general mechanism for the fast inhibitory
activity of sample CTP can be attributed to the
cationic behavior of the synthesized compound,
which electrostatically interacts with negatively
charged cell walls of bacteria attracting the material
to the modified cotton surfaces. This process is
combined with the release of reactive species from
all of the additives that inhibit bacterial development,
as reported in previous studies°4*44that considered
the isolated activity of additives.

Antibiofilm activity

The antibiofilm activity of compounds was
evaluated from the direct counting of viable cells
adhered in biofilm structures on cotton fibers (pure
and modified). Results summarized in Fig. 6 indicated
that all of the modified fibers are characterized by
strong antibiofilm activity for all of the compositions
that are compared with negative and positive controls
(in which negligible activity is observed for cotton
fibers — no growth of bacteria in negative control
and complete growth of biofilm on cotton fibers —
positive control). For all of the coating treatments,
the antibiofilm activity of materials is higher than
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91%, following the order sample CTP (99.38% of
inhibition)>sample CT (95.32% of inhibition)>sample
T(93.98% of inhibition)>sample C (91.18% of inhibition).

As can be seen, Fig. 6 shows a reduction in biofilm
formation with the unmodified fiber applied as the
control group. The fiber treated with chitosan, Tanfloc,
and polypyrrole showed the greatest reduction
(96.9%) in biofilm formation compared to the group
of modified fibers. The electrostatic interaction
of bacteria (as planRktonic form and as biofilm) is
followed by the migration of reactive species along
with the cell wall that inhibits vital processes in
bacterial!.

Figure 6 - Results for the relative biofilm inhibition
against S. aureus for sample C, sample T, sample
CT, and sample CTP in comparison with the positive
control.
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These results confirm the relevance of the
polypyrrole in the overall antibacterial activity of
the coating, due to the combined diffusive activity
of reactive species in polypyrrole and the intrinsic
antibacterial activity of the material, which provides
outstanding performance in terms of the planRtonic
and biofilm inhibition of modified cotton fibers.
The successive coating of additives (chitosan and
Tanfloc) before the chemical polymerization of
polypyrrole improves the activity of the resulting
material.

Toxicity test with Artemia Salina

Artemia Salina nauplii have been explored in
the evaluation of the toxicity of a large number of
different compounds, including nanoparticles as a
biological model in toxicology given its small body
size, short life cycle, and relatively simple cultivation
setupll,

The toxicity test using the microcrustacean Arte-
mia salina is one of the most common methods that
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are associated with the use of animals to evaluate
the toxicity of substances, acting as a bioindicator
due to its reduced degree of tolerance and clear res-
ponse to small environmental variations 1,

The results of the assays for the mortality of Ar-
temia Salina nauplii returned a percentage of zero
immobilization, and there was no death for the sam-
ples analyzed in the triplicates. All Artemia Salina
nauplii were alive after 48 h of the cytotoxicity test,
showing that there is no toxicity of the material un-
der study.

Accumulation of material in the guts of Artemia
Salina nauplii was observed in each triplicate and
for all materials using a stereomicroscope equipped
with a camera. Compared to controls, the exposed
Artemia Salina entrails were full of particles (which
were detached from the fibers after strong agitation
and sonication).

No nauplii of Artemia Salina from a set of 120 (10
in each triplicate and 30 for each type of fiber, four
different associations tested) that interacted with
the different fibers died within 48 h of the toxicity
test, as shown in Figs. 7a to 7c. These results sug-
gest that the different fibers tested are not toxic to
Artemia Salina. The ingested particles appeared as
a long darR streak within the bowels. This can be
explained by the lacR of food intake and absorption
and the filling of the intestine with particles.

Figure 7 - Toxicity assay in (a) pure fiber, fiber with
chitosan, fiber with Tanfloc, fiber with chitosan and
Tanfloc, fiber with chitosan, Tanfloc, and polypyrrole
using Artemia Salina. In (b) a nauplius without contact
with the materials in (c), in contact with the materials
showing the animal’s abdomen with the material.

Ty (CT) [CTP)
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Source: Own authorship, 2023.
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Conclusions

The mutual incorporation of chitosan, Tanfloc,
and polypyrrole as coating layers on cotton fibers
preserves the mechanical properties of the pure
material (due to the plastic properties of the Tanfloc
coating layer) enriched by cationic behavior of chi-
tosan and the outstanding antibacterial properties
of polypyrrole that renders a quasi-complete bio-
film removal for modified cotton fibers, a characte-
ristic time for complete bacterial elimination of 60
minutes and a good degree of diffusion of reactive
species that improves the antibacterial properties
of the compound with negligible toxicity to Arthe-
mia Salina. An important aspect to be considered
is the prevention of critical changes in the mechani-
cal resistance of fibers due to the self-aggregation
of polypyrrole grains. To avoid these critical effects,
the previous incorporation of chitosan and Tanfloc
as coating layers protects the fibers against aggres-
sive conditions of polymerization, maintaining the
mechanical resistance of the resulting fiber at an
acceptable limit for biomedical applications. These
results confer to this multilayer coating procedure
a promising application in antibacterial-modified fi-
ber-based surfaces.
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Abstract: Knowledge Management (KM) involves a deliberate and systematic organization of people, processes,
structure,andtechnologywiththe mainobjective of creating value forinnovation from thereuse ofdataandinformation.
Although there are several models for KM in various types of organizations, there is nothing concrete to integrate the
Rnowledge generated in collaborative University-Industry projects in the pharmaceutical and biotechnology areas.
This work aimed to gather elements for the creation of a sustainable model of effective articulation in this scenario.
It is a strategic action that can bring benefits of intellectual, economic, and social impact. This research used different
instruments: systematic mapping, questionnaires, and experience reports. The mapping highlighted the need to
consider the following aspects for the development of KM models: collaborative/competitive arrangements, tacit/
explicit Rnowledge managers and change screening. The questionnaire and report demonstrated that the challenges
go beyond aspects such as data organization. They must prioritize the social aspect of Rnowledge sharing, using
safe coordination to prevent misconduct.

IKeywords: Innovation. University-Industry Interaction. Data Management. Information Management. Information Te-

chnology.

Introduction

Innovation is not clearly defined but it is mainly
understood as the involvement of new ideas to
generate new techniques, products, and processes.
Herein, it is important to emphasize that innovation
is not limited to creating something completely new,
but rather seeRs to facilitate everyday life, reduce
costs, and make things more accessible. In Brazil,
scientific innovation is understood as the last linkR in
the chain of Science-Technology-Innovation (ST&l),
and it is crucial to translate the intellectual and
economic impacts of research made in universities
to society. Using this linear relationship, innovative
products and services are thought to be the outcome
of scientific advances, but the reality is always like
this? Further, can innovative actions stimulate
discoveries in basic science? These intriguing
questions are pressing in the current situation
in Brazil, where it is possible to observe a certain
polarization between basic and applied research.

The influence of pure science in advancing
innovation was criticized by Matt Ridley during
his provocative point called “The Myth of Basic
Science”, which stimulated thoughtful responses
on social media about the role and benefits of

science and technology. The divergences about the
role of basic science and technology in innovation
raised pointed to bidirectional influences'. However,
the current understanding of innovation points to a
context-dependent factor with great influences on
local or regional vocation and development. Herein,
the partnership between the University-Government-
Industry was also another influential point, thus giving
rise to the Triple Helix Theory. However, changes
in the global scenario have expanded the form of
relationships between these actors. This traditional
triad has been strengthened with new models of
collaboration for Rnowledge generation, including
society (Quadruple Helix) and the environment
(Quintuple Helix) with important helices in the
dynamics of innovation” 12,

The University-Pharmaceutical or Biotech Industry
interface is a specific example of the quintuple helix
operation and plays a fundamental role in meeting
the demands of innovation in the health area through
scientific entrepreneurship. In this context, the
contribution of private capital to universities through
public-private partnerships has the potential to create
favorable conditions for the better functioning of the
whole gear. This scenario may seem liRe the solution
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to the problems being faced by the country, however,
it could generate even greater discrepancies when
we consider that Industry and Academia have
essentially different objectives. Because they have
different focuses, Industry and Academia walR at
different paces. While the industrial sector aligns its
efforts towards the agile development of products
and obtaining profit in the short term, the academic
environment is concerned with the generation of
publications that guide Rnowledge as well as the
training and qualification of personnel, which usually
occurs in the long term &1,

Qualitative research carried out focusing on
the University-Pharmaceutical Industry interface
in Brazil showed that many challenges need to
be overcome so that the Rnowledge generated in
universities can be effectively transformed into
solutions for the population. Among the various
points raised by the respondents and interviewees,
the processes that involve Knowledge Management
(KM) were highlighted. Despite the existence
of Technological Innovation Centers, issues
related to sharing information with the agility and
organization necessary to support decision-makRing
in emergencies such as the one we are experiencing
during the COVID-19 pandemic are still far from
expected. Some processes that involve KM that were
mentioned are: streamlining the flow of information,
increasing the efficiency of continuous training
of employees, and improving data analysis and
management!,

KM involves a deliberate and systematic
organization of people, processes, and technology
as well as the organizational structure itself with
the main objective of creating value for innovation
from the reuse of data and information. This
coordination is achieved through the creation,
sharing, and application of lessons learned and
best practices in the “organization memory”®. KM
also involves data and information management
flows in two main dimensions: tacit and explicit ©.
The implementation of systematic KM practices
generates several benefits, such as improving the
financial performance of global startups, executing
external Rnowledge search strategies complemented
by internal innovation management, and facilitating
digital collaborations/-°!.

Although there are several models to manage
Rnowledge within various types of organizations,
thereis nothing concrete to integrate the fundamental
Rnowledge generated in universities with those
that are more applied and of a more technological
nature, commonly generated and used by Industry.
In this way, the main objective of this work was to
identify some of the main elements that should be
considered for the creation of a sustainable KM
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model for collaborative projects. The establishment
of this articulation is a strategic action to catalyze
scientific entrepreneurship in the context of the
Quintuple Helix. Because innovation is a long-term,
complex, and riskRy endeavor, a sustainable KM
model would be a valuable contributor to Brazilian
initiatives in closing some important gaps in
collaborative projects.

Material and methods

In this worR, an exploratory study was carried out
with a view to a future creation of a model for KM
of scientific and technological innovation projects,
preferably those situated within University-Industry
collaborations in the context of the quintuple
helix. The research was conducted using three
different instruments to meet the breadth and
complexity of this topic: i. Systematic mapping
of the Scientific Knowledge Management topic
following two generically defined guiding questions:
(QI) What are the main elements that involve
Knowledge Management? and (Q2) What ICT-
based tools currently exist to support the IKnowledge
Management process? ii. The questionnaire aimed
at parties involved in scientific entrepreneurship that
taRes place at the University-Pharmaceutical Industry
interface. The questionnaire was disseminated via
social networkRs. The questionnaire was created
based on two models of KM: the North American
model (Davenport & PrusaR) and the Japanese model
(NonaRa & Takeuchi).; iii. Field Diary containing the
researchers’ perceptions and experience report
around the theme. The data from the systematic
mapping, questionnaire, and field diary were
analyzed wusing qualitative analysis software
(ATLASLL, following content analysis processes as
recommended by Bardinl'?l. The Excel software was
also used in the process of generating the graphs.

Shane (2005) states that technology is “the
incorporation of Rnowledge in different ways, maRing
it possible to create new products, explore new
markets, use new ways of organizing,incorporate new
raw materials or use new processes to meet customer
needs”1l. In this context, entrepreneurs are the driving
force that catalyzes the process of transforming
Rnowledge into inventions and innovations with
potential economic and social impacts. Commonly,
all this dynamic is dictated by technological
entrepreneurship, that is, one that directly seeks the
practical utility of the invention without worrying too
much about understanding the scientific aspects
that underlie its applicability”>. However, the crisis
triggered by COVID-19 has exposed the need for
technological solutions, especially those that focus
on human health (e.g, the production of medicines
and vaccines), which must necessarily include
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aspects related to fundamental Rnowledge so that
well-informed decisions are made. In this context,
scientific entrepreneurship emerges as a necessary
development of the articulation between Science
and Technological Innovation, aiming at minimizing
risks and maximizing gains with the creation of new
products and/or services. The results presented in
this work highlight some of the main elements that
should be considered in the creation of KM models
for scientific entrepreneurship.

Systematic Mapping - Identifying IKnowledge
Management Model Elements

The initial total of 50 articles was refined accor-
ding to the research questions, closing in 19 articles
from primary studies and 9 secondary studies. The
results of the systematic mapping allowed a better
structuring of the research topic around different
topics related to KM of innovative projects, prefera-
bly those that happen collaboratively between the
University and Industry. The survey on the main
topics used by the authors considered not only the
Reywords explicitly defined in the articles but also
the text codes. Such codes allowed a panoramic ma-
pping of the main elements that involve KM practi-
ces. The emerging themes were then listed based on
the codes defined and allocated within the two gui-
ding questions (Table I).

The KM process is complex and dynamic and
involves different actors in the collaborative interface.
Despite multiple approaches and some prominent
models (e.g, the SECI model of NonaRa-TakReuchi
and the model of Davenport-Prusak), some main
elements could be identified and can be scaled both
within the human and technological dimensions. The
use of information and communication technologies
as digital platforms is considered necessary, but
not sufficient to deal with all the dynamics of KM
practices. In addition, many of these technologies
perform simple system analysis operations such
as structuring and archiving data and information
but lack some of the Rey elements shown to be
important in all KM practices (e.g., disambiguation,
data analysis, Rnowledge reliability).

Some of the main elements related to KM
that go beyond the domain of Information and
Communication Technologies (ICTs) refer to the
human element or “social character” of Rnowledge.
Although digital social networkRs are common,
currently they do not seem to satisfy the practical
needs of KM in terms of traceability and definition
of information impact in contexts of interest to a
project or organization. It is worth mentioning that
this social element is one of the basic engines
of the NonaRa-TakReuchi model, especially when
talRing about exchanges of tacit Rnowledge!™.. Some

International Journal Of Advances In Medical Biotechnology - JAMB

emerging themes refer to the possibility of uniting
people around the shared construction of academic
and business experiences. This type of functionality
within platforms is in line with the results obtained
via the questionnaire — open questions, which were
evaluated in the second stage of this work.

The need to transpose concepts linked to social
theories to digital platforms should be considered
when planning the types of functionalities that
should be created. In this context, the so-called
“crowdsolving” platforms stood outamongtheresults,
in which individuals are brought together to provide
collective solutions to problems previously defined
by an organization and/or community. In addition to
typical data and information processing operations,
such types of platforms can encompass different
types of typologies in how human relationships are
managed. For example, the possibility of creating
competitive and collaborative arrangements is
something that should be considered depending on
the urgency of solving the challenge.
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Table | - Main emerging themes defined in the systematic mapping.
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Atrticles (Author/Date)

IKeywords defined by the author

(Q1) What are the main elements
that involve Knowledge Manage-
ment?

(Q2) What ICT-based
tools currently exist to
support the Knowledge
Management process?

(Angelidou; Mount; Pandza,
2022)@

Collaboration, complementarity, search for
external Rnowledge, managerial innovation

(Battisti et al., 2022)1

KM practices, financial performance, global
startups

(Bozic; BachRirov; Cerne, 2021)

[14]

Science-practice gap, rigor-relevance debate,
Rnowledge creation, collaborative challenges,
grounded theory

(Chen et al., 2022)

Rnowledge management, data-driven decisions,
dynamic capabilities, hidden Rnowledge

(Marijan; Gotlieb, 2021)1'¢!

Software engineering, collaborative research,
Rnowledge co-creation, collaborative model,
technology transfer, Rnowledge transfer,
research-based innovation

(Spanellis; Macbryde; Dorfler,
20211

IKnowledge-based systems, causal mapping,
Rnowledge sharing

(Zhao; Oberoi, 2022)0!

Crowdsolving, crowdsourcing, SECI model

(Zhong et al., 2022)

Rnowledge mapping,

(NaprawskRi, 2021)?9

Agile  Rnowledge online

reorganization

management,

(Wohlin; Runeson, 2021)!

Technology transfer model, university -Industry
collaborative model

(Abbas et al., 2022)"!

Lessons collaborative  platform,

integration

learned,

(Albats; Alexander; Cunning-
ham, 2022)?2

Academic entrepreneurship, digital platform

(Myneni et al., 2016)23!

Cognition, information management

(NaRayama; Hustad; Sutcliffe,
2021)R4

Documentation system, tacit Rnowledge,
explicit Rnowledge, Rnowledge sharing

(Alsulami; Hashim; Abduljab-
bar, 2022)3

Rnowledge sharing

(Pudijiarti; Lisdiyono; Werdin-
ingsih, 2022)¢!

Regulatory innovation

performance

implementation,

(Saunders; Radicic, 2022)?7

Open innovation, cooperation for innovation

(Muscio; Shibayama; Ramaci-
otti, 2022)1281

Student entrepreneurship, entrepreneurial

universe, academic training

(Chopra et al., 2021)?!

Sustainability

(Edwards, 2022)3%

Information management

(Gomez-Marin et al., 2022)B"

Sustainable indicators, collaborative mapping,
organizational memory

(Hadi; Liu; Li, 2022)F2

Rnowledge brokers

(Stemberkova et al., 2021)E3!

Transferéncia de tecnologia

(Di Vaio et al., 2021)34

Digital transformation, sustainable

performance

(Benitez-Hidalgo et al., 2021)B>!

IKnowledge extraction, semantics

(Allen et al., 2021)[!

data visualization

(KetiRidis; Solomon, 2018)37

entrepreneurial education

(Schaefer; MaRatsaria, 2021)58!

MarRet intelligence, data analysis

eSignificant learning

Tacit Rnowledge manager
eExplicit Knowledge Manager
(Technical)

elKnowledge reliability
eDisambiguation resolution
e Agility

e Academic experience
eBusiness Experience
eCommunications Manager
eChange screening

eData Manager

eMetrics Manager
eCompetitive arrangements
eCollaborative arrangements

eCrowdsolving Pla-
tforms

ePlatforms for digital
documentation
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Questionnaire - Characterization of the respon-
dent population

The socio-demographic characterization of
the respondents aimed to identify some possible
elements (e.g, sex, age) that may influence
perceptions about the KM processes of science-
based projects. The characterization of the personal
profile of the respondents, shown in Figure 1A-B,
showed most female participants (69%), while male
respondents totaled 31%. Regarding age group, most
respondents belong to Generation Y (20-39 years
old, 86%) and a minority belong to Generation X
(40-55 years old, 14%). No respondents belonging to
Generation Z (under 20 years old) or Baby Boomers
(56-74 years old) were counted. This classification
based on a generational approach is an important
aspect to be considered as it interferes both with
the perception of the values associated with KM
processes and the difficulties, especially with
processes that involve the application of ICT-based
toolsi?,

The characterization of the professional profile
is shown in Figure 1C-E. It was identified that
78% of the respondents are inserted only in the
University, 11% are inserted in a private company
and 6% are part of both the University and a private
company. A minority (3%) is inserted elsewhere.
Regarding the level of training, most respondents
are doctoral students (31%), post-doctoral students
(25%), and scientific initiation (17%). A minority is
composed of master's students (8%), professors
(8%), coordinators in a private company (3%), startup
coordinators (3%), and researchers from Industry
or private companies (3%). Regarding the type of
research they develop, 75% work with technological
research, 22% with fundamental research, and 3%
with research in Health. This last result is particularly
interesting because it may constitute evidence that
in Brazil, we have not yet managed to create the
culture of an entrepreneurial Science, that is, one
that seeRs to align the fundamental Rnowledge with
technological innovation.

Figure 1 - Characterization of the personal and professional profile of the respondents.

Generation

Gender

Work Location

86% 69%
University - IR, 757
Private Company I 11%
1% University and Private Company Il 6%
L Oth 3%
ers %
0% n
¥ Generation (20-28 X Generation (40-55 Baby Boomers (56-74 Industry or Private Company W 3%
anos) anos) &nos) Female W asculing
D Occupation Level E Research Type
Graduate student at doctoral level 3%
PhD and cumently doing postdoc 5% Applied Technological Research _ 75%
Graduate student and performing scientific initiation 17%
Graduate Student at Master's Level  IEG__——— £
Professor atuniversity EE———— 23 Basic or Fundamental Research - 22%
Clinical Research Monitor w33
Employeein a private company EEEEE 3%

Research Coordinator and Dev. starfup  memm—m 3%
Industry or Private Company Ressarcher mmmmm 3%

Health research I 3%

Source: Original search results.

Questionnaire - Assessment of the perception of
the parties involved about the workflows in the KM
of science-based projects

KM workflows permeate dimensions related
to organizational culture and learning, social
capital, and technological tools. More specifically,
the American model of KM focuses mainly on
applications of ICT resources to facilitate the flow of
dataandinformationwithinthe organization.Aseries
of questions were formulated to understand some
operational aspects to assess how respondents
interact with such flows. The results are shown in
Figures 2 and 3 and focus on understanding how
the Collect — Transfer — Storage — Processing of

International Journal Of Advances In Medical Biotechnology - JAMB

data and information dynamics taRes place. Most
respondents workR with quantitative data (92%)
and a minority workR with qualitative data (8%).
Regarding data transfer processes, 44% use flash
drives and external hard drives immediately after
data collection, and 31% also use flash drives, but do
so periodically. Another 14% leave the data stored
on the computer connected to the equipment.
Minorities use cloud storage (3%), physical storage
+ cloud (3%), and notebooRk notes (3%).

The storage of data/information from the
projects is a highly relevant element in interactive
University-Industry contexts as it is directly related
to aspects related to security and their sharing.

Vol. 6 N.1, 2024



Regarding the storage location of the raw data
collected: 47% use a personal computer, 36% use
some online platform such as Google Drive, One
Drive and Dropbox, and PenDrive/external HD (11%).
A minority storage on the laboratory computer (3%)
or use all alternatives (3%). Most respondents do not
use any backup system for the data collected (44%),
and others use backRup whenever they feel the need
(31%). The minority (25%) said they use backup.
About a repository of raw data that was excluded
from analysis: most do not have it but would like to
(47%), 31% have the repository and 22% do not have
it and had never thought about it.

Still considering data and information manage-
ment processes, Figure 3 presents the results rela-
ted to metadata storage management and analysis
processes. Regarding the repository for metadata,
42% of respondents said they have and organize
the metadata manually, another 42% do not have it
but would liRe to have it, and 14% do not have it and
had never thought about it. Regarding the proces-
ses that involve Information Management: 53% said
that some data is analyzed manually and others are
analyzed automatically; 38% perform data analysis
only manually following a previously established

Managing Knowledge for pharma and...

protocol. Only 8% do a fully automated analysis;
About the process of generating meaning from the
data: 36% compare the results with support ma-
terial, 31% generate multiple graphs to be able to
better visualize the information, 8% compare the
results with the support material (reference values
and articles of the area).

When analyzing together the results shown
in Figures 2 and 3, it is evident that several
respondents still use manual and unsafe means
to manage data/information from science-based
projects. Some important aspects related to the
use of backup systems and metadata management
are still far from best practices and may incur KM
problems. Such problems can range from the lack
of systematization of databases, which impairs
analysis and decision-maRing processes, to the
leaRage of sensitive and/or confidential information.
It is also worth mentioning that these results are in
line with the main parameters considered within the
context of Rnowledge/information management
established by some authors, such as people,
processes, culture, technology, and structure®°.,

Figure 2 - Knowledge Management processes and routines - aspects involving data and information ma-
nagement (Part 1).

A Most worked data category

92% B

Data transfer process from the collection site to the storage bank

Transfer immediately afier colledtion with the aid ofa pen drive or external HD 4%
| trangfer periodically or when | remember with the aid ofa pen drive or external HD 3%
| leave it stored on the computer connected to the equipment  — — 14

Co-advisor stores data on OneDrive e
| only uze coud storage e 3%

—_—

—_—

B%

Physical HD and doud storage
Pen Drive, spreadsheets or notebook notes

CQuanttative Data
numerical data

Qualitative Data: images,
photos, texts, audios

c Place that stores and organizes the raw data collected in the experiments

Personal computer I

On an enling platform (g Goegle Drive, One Drive, DropBox) I 56

Pendrive or edemal HD I 11%
Laboratory Computer I 3%

all atematives W 3%

Employs some raw database backup system

o

no I, -+
veswhenever | el theneed [N NN :.:
ves,periodicaly [N -

It has a repository of raw data that were
E excluded from the analysis

No, but | would like to have | EEEEEEEE 7

ves [N 1%

No and neverthought about it. | NNRRRRNNNNNNN 27%

Source: Original search results.
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Figure 3 - Knowledge Management processes and routines - aspects involving data and information ma-
nagement (Part 2).

Has metadata repository
A {e.g. experimental designs, supporting information) B

Scenario that describes the information management routine based on raw data
collection

“es, | manually organize the metadata associated
with each experiment
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I 53%

analyze automatically
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one or multiple graphs that allow me to better visualize the relationship between the variables ofinterest, | build _ 8%
visual diagrams to be
| compare the results with support material (reference values or previously defined artices in the area), | generate
one or multiple graphs that allow me to better visualize the relationship between the variables ofinterest, | build _ 6%
wvisual diagrams to be

| generate one or multiple graphs that allow me to better visualize the relationship between the variables of

interest, | carry out the statistical analysis ofthe data

Source: Original search results.

Questionnaire - Assessment of potential challen-
ges and elements of value in processes involving the
IKM of science-based projects

The challenges and perceived value of some
KM elements were also evaluated (Figure 4). More
specifically, we sought to understand the perception
ofvaluethatsomerespondentshaveontheprocesses
of socialization, externalization, internalization,
and combination, which are established in Nonaka
and TaReuchi's KM model (Figure 4 A-D). It was
observed that all these model processes have a lot
of value to respondents for acquiring Rnowledge.
Most of the respondents (81%) attributed a lot of
value (grade 5) to the "externalization” process,
defined in terms of writing, recording, drawing,
and maRing the information visual (Figure 5-B). A
total of 72% of respondents also gave a high value
(grade 5) to the “internalization” process, defined as
studying, reading, listening, and watching. While the
first refers to the articulation of tacit Rnowledge into
explicit, the second uses explicit Rnowledge, that is,
rationalized, into something tacitly internalized by
the individual.

The components “socialization” and “combina-
tion” were considered valuable (grade 5) by 67% and
56% of the respondents, respectively. Socialization
was defined in terms of interacting with people,
hands-on observation, and group discussions. It is
an extremely important process in sharing expe-
riences, creating tacit Rnowledge in multiple ways
(e.g., mental models and technical sRills). In turn,
the combination component seeRks to systematize
different sets of explicit Rnowledge using schemas,

International Journal Of Advances In Medical Biotechnology - JAMB

records, etc. Despite not opposing the common
sense that socialization is an important component
in Rnowledge-sharing processes, the results pre-
sented emphasize the importance of internalization
and externalization processes. This may not neces-
sarily be related to the sharing of information, but
to actions that aim to deepen the understanding of
Rnowledge on a given topic.

The other questions regarding the value of KM
processes focused on topics related to University-
-Industry collaborative projects (Figure 4 E-L). The
results showed that 92% of respondents are in-
terested in this type of project, with 72% and 78%
of respondents giving high value (grade 5) to the
following interaction products: obtaining financial
resources for research (e.g., equipment and various
materials) and the possibility of having the colla-
boration well evaluated by the platform for future
collaborations, respectively (Figure 4 — H and I). In
comparison, fewer respondents, 50 and 56%, thinR
that the receipt of salaries and the dissemination of
research in scientific journals is valuable (Figure 4
- FandQ).

Questionnaire - Answers to open questions

The open questions at the end of the online ques-
tionnaire aimed to raise the main topics and more
subjective elements related to the KM processes of
research projects with innovative potential. A series
of codes emerged from the thematic analysis of the
responses and were based on hypotheses for the
construction of digital platforms for IKM (Table ).

Tacit Rnowledge management is the most

Vol. 6 N.1, 2024



challenging form of management due to the
influence of adjacent subjectivity in interactions.
The perception is that currently there are no efficient
ways to manage this type of Rnowledge, but
there are hypotheses of interesting solutions that
could be investigated. Here, respondents cited the
creation of study groups, information records, and
means of sharing experiences as effective ways to
build KM for tacit Rnowledge.

The KM of University-Industry collaborative
projects is something that needs to be guided by
members who make up both sides of the coin. In
this work, we mainly explore the academic side,
but according to the respondents, different views
can be integrated, aiming at a management that
favors both the development of new products and
the generation of more Rnowledge around themes

Managing Knowledge for pharma and...

of mutual interest. In this case, academics can
provide basic (and even frontier) Rnowledge to
be assimilated by members of the industry in the
development of innovation projects.

Another aspect that became clear is that the
generation of scientific publications should not
be the only indicator to guide University-Industry
interactions. The fruits of these interactions go far
beyond that and can even bring a return to society
as it promotes the generation of new innovative
products and services. Thus, depending on how
KM is practiced, the benefits of the interface
can effectively benefit the triple helix parties:
government, university, industry. Establishing the
main conditions of success for each of these parts
is research that needs to be addressed in future
worRs.

Figure 4 - Challenges and value elements of the main processes involved in Knowledge Management. The
statements were rated on a five-point scale: (1) Not valuable — (5) Very valuable.

A Socializati_on: interactipn with B Extern_allzatmn_: writing, make Internalization: Studying, reading and
people, practical observation, group information visual c watching
discussion
7% B1%
5 [ 2%
4 I 5%
27% 3 W 3%
B% 3 2 0%
0% 3% I 0% 3% 6% e
- 1 ’ _ - [ ] 1 0%
1 2 3 Z 5
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D grouping documents, write reports
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collaborative University-Industry

Receive payment for the service
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paid projects?

5 I, 5C 8%
4 I 6%

50%

3l 6% 22%
2 0%
B3% - a5 I
1 0 3% -
Sim Nio 1 p 3 4 5
G Have your research published in a H Obtain funding for the purchase of I Have your work evaluated
scientific journal equipments/materials for research facilitating future partnerships
56% 72%
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3% 3% B 3% % I e 3% 6% B
- - -— — — [ |
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A

Source: Original search results.
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Table Il - Coding of emerging themes in the open questions of the online questionnaire on IKnowledge

Management in University-Industry collaborative projects.

Questions

Parts

Thematic Codes

Hypotheses

Itis Rnown that tacit knowledge
(that inherent to the person and
from experiences) is difficult to
share. What is the importance of
this type of knowledge in inno-
vative projects? Do you believe
that there are currently efficient
ways to manage this type of
Rnowledge?

“.. tacit Rnowledge is what differen-
tiates people and is fundamental for
collaborative projects, as it is what
makRes it possible to generate em-
pathy and real applicability of tech-
niques and theories. My suggestion
is to analyze it in a systematic and
even psychoanalytic way, try to un-
derstand the scenario, the problem,
possible solutions. This ends up
maRing the situation more translu-
cent and measurable.”

".. of great importance and currently
| don't see efficient ways of sharing
this Rnowledge. Years of work are
often lost with the departure of the
person who owns this Rnowledge...”

Collaborations are essential so that
tacit Rnowledge is disseminated to
other groups, reducing steps and
accelerating the process of research
and development of new products.
There are a few ways to manage this
Rnowledge on researcher platforms,
such as Research Gate and/or dis-
cussion forums. But still nothing very
efficient. "

”

"

Study group

Keep Information
Records share experien-
ces

Currently, there are no efficient
ways to manage tacit Rnowledge,
but this can be done through the
creation of study groups and spa-
ces for sharing experiences.

Do you believe that a Know-
ledge Management of inno-
vative projects that take place
in collaboration between the
University-Industry can bring a
competitive advantage to the
Industry? And for the Universi-
ty? Because?

“Yes, because the vision of the aca-
demic environment is limited. The
industry has a different vision and
applicability than academia, and one
can benefit from the other. "

“l believe so, since the Rnowledge of
academia combined with technology
and industrial speed can generate
great results. Since the academic
scientist may have a different view
from the person who works only in
the industry.”

Integration of different
views

Provides fundamental

Rnowledge

Acquire industrial vision

The KM of collaborative projects
can add to both the University
and the Industry, that is, the inte-
gration of the two mental models
is possible and can be used to
achieve greater goals and with
social impact.

What is for you a successful
scenario of the Knowledge
Management process in Uni-
versity-Industry  collaborative
projects?

“It is an idea that is created and de-
veloped together, with a specific pur-
pose and goals that both fields (aca-
demic and industrial) benefit and
progress with the development of a
product/idea.”

"Transfer of Rnowledge and technolo-
gy, training, alignment of interests of
both parties.”

Product generation
Generating more Rnowled-
ge (publications)

The success of collaborative sce-
narios occurs when they are able
to produce both products and
more Rnowledge for the popula-
tion.

Are you interested in participa-
ting in UNpaid University-In-
dustry collaborative projects?
If yes, what would encourage
you to participate? What would
you consider viable to receive in
return besides financial gratifi-
cation?

“Yes, the experience of professional
practice, proof for services and time
spent.”

“Yes, the recognition and confidence
in my worR, as well as the possibility
of expanding my Rnowledge in diffe-
rent areas.

Recognition

The differential of unpaid colla-
borative projects goes beyond
financial gratification. It can un-
fold into recognition for the par-
ticipants.

Source: Original search results.

International Journal Of Advances In Medical Biotechnology - JAMB

Vol. 6 N.1, 2024



Experience Report

The consolidation of science-based entrepre-
neurship still represents a challenge for the country
since fundamental research is far from technolo-
gical research. This becomes even more complex
when it comes to research for innovation, that is,
research in close connection with the economic
marRet. Articulating these three types of research
represents an action for the consolidation of scien-
ce-based entrepreneurship and, therefore, must
contemplate the specificities of each one of them.
Experiences from both academia and industry cle-
arly show that researchers have different mental
models and focus of action. Thus, the creation of
a sustainable IKM model that can promote this ar-
ticulation will possibly require a strong investment
in leadership training capable of understanding the
different interests of the parties involved.
One of the most likely consequences of the
increase in private investment and decrease in
public investment is that the University is forced to
fully conform to the molds of the business world. In
a period of crisis and pressure like the one we are
experiencing; this could possibly be reflected in the
polarization between basic and applied research.
As applied research manages to produce tangible
results in a shorter period, it is quite possible
that it would receive greater investment from
the private sector, thus standing out from basic
research. However, this dichotomy between basic
research and applied research does not exist. The
two types of approach are not mutually exclusive.
On the contrary, they are closely intertwined, and
one catalyzes the development of the other. In this
way, the current Brazilian scenario requires the
parties involved takRe these points into account for
the creation of solutions focused on KM model of
scientific entrepreneurship. A good guide for this
problem is the StoRes diagram, which proposes a
research classification system so that scientists
can guide their activities according to the need to
produce results to expand the Rnowledge and have
practical utility “°.
Ethical issues regarding data and information
security, especially information of a confidential
nature, must also be considered. Most universities
still do not have an adequate structure to deal
with these issues. It will certainly be necessary to
implement information security mechanisms that
are not yet in the public domain. Another point also
refers to misconduct actions such as plagiarism,
predatory competition, improper manipulation of
data, etc. These issues need to be thought through
and regulatory mechanisms need to be created
so that people within the model can feel safe and
motivated in relation to Rnowledge sharing.

Vol. 6 N.1, 2024
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Final considerations

This worR showed that the KM of University-
Industry collaborative projects aimed at fostering
science-based entrepreneurship is complex and
composed of several elements related not only to
operational issues of digital technologies, but also
to social aspects that encompass human relations
in the Rnowledge construction process. This aspect
was evident both by the systematic mapping of
articles in the area and by the questionnaires
disseminated over the internet. Among the results
of the closed questions, it is worth mentioning
the lackR of automated processes for organizing
backups and metadata as well as processes related
to data sharing security. Open questions highlighted
the difficulties in managing tacit Rnowledge as
well as the importance of integrating industry and
university mental models in innovation processes.
The hypotheses built from the answers to open
questions provide a direction for future research and
can be assimilated in future initiatives of developing
digital solutions for IKM in collaborative projects.
Something that should be considered in KM, in
additiontotheway ofobtainingand collectingdata, is
the discussion of these data and their interpretation
by the research and development team, to establish
an understanding of its meaning and then produce
an applicable Rnowledge. This process, perhaps,
represents a more time-consuming step, as it
depends on the elaboration of logical thinRing about
the data obtained, which can make the management
model more time-consuming and the development
of a product/technology slower, thus being a
limiting step. Coordinating this discussion of data
with the fast pace of production in an industry, for
example, is challenging, given the constant demand
for creation and innovation in this sector.
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Endocrine activities modulated by adipose-mesenchymal
stem cell in an animal model induced to polycystic ovary
syndrome
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Abstract: Purpose - Animal models offer a useful way to study the reproductive and metabolic abnormalities, including
polycystic ovary syndrome (PCOS). Mesenchymal stem cells (MSCs) have received increasing attention as a potential
cell-based therapy and regenerative medicine, due to their effects in modulation of different molecular and biological
pathways. The aims of the present work were to investigate modulation of the ovarian microenvironment by adipose-
mesenchymal stem cells (AdMSCs) in an animal model induced to PCOS. Methods - Female rats were divided into
control, polycystic ovary, and mesenchymal stem cell groups, evaluated at two different times after PCOS induction
and injection of AAMSCs. Results - The polycystic ovary group showed changes in ovarian cycles, the presence of
cysts in the ovaries, and hyperandrogenemia. In addition, changes in plasma insulin, glucose, leptin, and osteocalcin
were observed in the polycystic ovary group. These metabolic changes were modulated by the injection of AdMSCs
into the ovary. Data are presented for female rats in an animal model integrating PCOS with AdMSCs, together
with the relationships among ovaries, bones, and adipocytes. Conclusion - The results suggested the existence of
endocrine-metabolic-reproductive microenvironment relationships modulated by AdMSCs, which should help in
guiding further investigations to clarify pathophysiological mechanisms that have not yet been fully elucidated.

I{eywords: Ovary microenvironment. Mesenchymal stem cell. Biotechnology. Polycystic Ovary Syndrome. Animal
model.

Introduction

The mechanisms underlying ovarian dysfunction
in PCOS have not been definitively established.
Hyperandrogenism is a major PCOS characteristic,
with evidence indicating that it plays a Rey role in
PCOS pathogenesis!. Genetic, physiological, social,
and environmental causes appear to contribute to
the condition. Among fertility disorders, PCOS is the
most common endocrine disorder?, affecting 5.6 to
21.3% of women of reproductive age worldwidel,
depending on the diagnostic criteria applied.

Stem cell paracrine signaling has been
highlighted as an important mechanism underlying
stem cell mediated tissue regeneration and
immunomodulation, and as a potential cell-based

by activation of endogenous cells in host tissuel,
including female reproductive organ defects leading
to infertility, such as endometriosis, premature ovary
failure, and PCOSP,

Understanding the etiology of PCOS is important
for identifying biomarkRers and developing possible
therapies. Although studies are being carried out
in humans, there are important ethical restrictions.
Therefore,studieswithanimalmodelsareindispensable
for understanding the pathophysiological mechanisms
of this syndromel?™. Animal models have been
proposed that use steroid hormones and steroidogenic
enzyme inhibitors for the development of a phenotype
associated with PCOSI? 2021 However, there is no

23

therapy*”. Mesenchymal stem cells derived from
bone marrow, cord blood, and adipose tissue have
been found to secrete a wide spectrum of growth
factors, cytoRines, and extracellular vesicles that
enhance angiogenesis, neurogenesis, and wound
healing [8-11]. The production of paracrine signals from
transplanted MSCs can improve tissue regeneration
and induce functional recovery of defective tissue

animal model that is totally effective for studying
PCOS, and the choice of a model must be guided by
the objectives of the study.

A suitable animal model could provide a useful
way to study the physiopathology of the characteristic
reproductive and metabolic abnormalities associated
with PCOS. So far, there is no consensus on the
best animal model, which should ideally reproduce
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the Rey features associated with human PCQOS
18221 Neonatal, peripubertal, and adult models
demonstrate that activational action postnatal
manipulations can generate sufficient POCS-likRe
traits %3,

The aims of the present work were to investigate
modulation of the ovarian microenvironment by
AdMSCs in an animal model induced to PCQOS. The
resultsrevealedreproductive and metabolicchanges
that were possibly mediated by mesenchymal stem
cells.

Material and methods

Animals

Adult female Wistar Hannover rats (6 months old
at the end of the experiments, n = 30) were obtained
from the Ribeirao Preto Medical School (FMRP-USP,
Ribeirao Preto, SP, Brazil). The animals were Rept
in the laboratory at the University of Araraquara
(UNIARA, Araraquara, SP, Brazil), under controlled
conditions of 22 + 2 °C and 12-h light / darR cycles
(lights on at 7:00 a.m.). Water and commercial chow
diet were offered ad libitum. All the experimental
procedures were approved by the Committee of
Ethicsin Animal Use (CEUA/UNIARA, n° 030/2016),
following the norms of the National Council for
Control of Animal Experimentation (CONCEA/
MCTI, Brazil).

Polycystic ovary syndrome induction

The PCOS induction was performed with a single
dose of estradiol valerate (EV) (Sigma-Aldrich, MO,
USA) dissolved in mineral oil (20 mg/0.2 mL /
rat, intramuscular) [22]. Control animals received
intramuscular injection of 0.2 mL of mineral oil. In
additionto practicality and low cost, this PCOS model
induced by EV showed important signs related to the
syndrome, including hyperandrogenemia, irregular
estrous cycles, and polycystic ovarian morphology.

Adipose-Mesenchymal stem cell injection

Female dog AdMSCs were used (Regenera
Stem Cells®, Campinas, SP, Brazil). The cells were
thawed in a water bath (37 °C), resuspended in 3
mL of defrosting medium (Regenera Stem Cells’,
Campinas, SP, Brazil), centrifuged at 1000 rpm for
5 min, washed twice with 3 mL of washing solution
(Regenera Stem Cells®, Campinas, SP, Brazil),
centrifuged again,andresuspendedin I mL of saline.
The animals were anesthetized using intraperitoneal
Retamine (75 mg/Rg, Agener,SP, Brazil),and xylazine
(10 mg/Rg, Coopers, SP, Brazil), and laparotomy was
performed to access the ovaries. The ovaries were
exposed, and the AAMSCs were injected (1 x 10° cells
/ 0.2 mL of saline / ovary), using 1 mL syringes. The
control group animals underwent the same surgical
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procedures, and 0.2 mL of saline was injected into
each ovary. After surgery, the animals were treated
with subcutaneous enrofloxacin (10 mg/Rg, Bayer,
SP, Brazil). The AdAMSCs application was performed
on the same day as the PCO induction.

Experimental protocol

After PCO induction and AdMSCs injection,
the rats were divided into 6 groups (n =5 / group),
according to the time after induction (30 and 60
days), and the treatment (C, PCO, or MSC). The
evaluation times were based on the time required
for PCOS to appear?* 2> and for observations of
possible responses modulated by biologically
factors secreted by the MSCs [26]. The groups were
labeled as follows: C 30 and C 60 (control, C groups);
PCO 30 and PCO 60 (polycystic ovary, PCO groups);
MSC 30 and MSC 60 (adipose-mesenchymal stem
cell, MSC groups).

Estrous cycles and body mass

Estrous cycle analysis was performed daily for
four weeRs, prior to induction of PCO, to confirm the
occurrence of normal and consecutive cycles. The
animals used in the experiment had at least four
consecutive regular 4-day cycles!'? 2?4, The estrous
cycles checks were continued daily until the end
of the experimental period. Body mass analysis of
the rats was performed on the day of arrival at the
University Animal Facilities, on the day of induction
of PCO and AdMSCs injection, weeRly after the
day of induction and injection, and on the day of
euthanasia.

Gonadosomatic index and ovarian morphology

The animals were weighed before euthanasia.
Subsequently, the ovaries were removed, cleaned,
and weighed. The values obtained were used to
determine the gonadosomatic index (GSl): (ovarian
mass / body mass) x 100. The ovaries were
removed, properly cleaned, placed in histological
cassettes, and Rept for 24 hours in 4% formaldehyde
(prepared from paraformaldehyde), in O.1 M sodium
phosphate buffer (pH 7.2), at room temperature, and
subsequently in running water for another 2 hours
to remove excess formaldehyde. The ovaries were
then dehydrated in increasing concentrations of
alcohol (70°, 80°, 90°, and 100° GL), diaphanized
in xylol, infiltrated, and included in paraffin. Serial
longitudinal cuts of 5 pym were made. After every
10 cuts, histological glass slides were mounted,
stained with hematoxylin-eosin (HE), and analyzed
by optical microscopy (Eclipse TS100, NyRon, ToRyo,
Japan). The images were analyzed using ISCapture
IS500 v.4.3.1 software (TUCSEN Photonics, Fujian,
China). Cystic follicles were defined as those devoid
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of oocyte and displaying a large antral cavity, a thin
granulosa cell layer, and a thicRened theca interna
cell layer!™ 24,

Hormones and glucose assays

At the end of the experimental periods, the rats
were euthanized using pentobarbital sodium (MercR,
NJ, USA) at 3% (0.6 mL / 100 g, intramuscular), and
a 5 mL blood sample was obtained from the heart
into heparinized syringes. Plasma was separated by
centrifugation at 3000 rpm for 20 min, at 4°C, and
was stored at -20 °C for subsequent determination
of progesterone (P4), testosterone (T), luteinizing
hormone (LH), and follicle-stimulating hormone
(FSH), by radioimmunoassay (RIA). Plasma P4
and T concentrations were determined by double-
antibody RIA, using Rits provided by Biochem
Immunosystem (Bologna, Italy). The lower limits for
detection of progesterone and testosterone were
0.03 and 4.8 ng/mL, respectively. The intra-assay
coefficients of variation were 6.5% for P4 and 4.5%
for T. Plasma LH and FSH were assayed using a
Rit provided by the National Hormone and Peptide
Program (Harbor-UCLA, USA). The antiserum for
LH was LH-SIO, using RP3 as reference. The FSH
primary anti-body was anti-rat FSH-SI1, with FSH-
RP2 as standard. The lower limits of detection for
LH and FSH were 0.04 and 0.2 ng/mL, while the
intra-assay coefficients of variation were 3.4% and
6.3%, respectively.

Plasma levels of leptin, osteocalcin (OCN),
and insulin were determined using commercially
available ELISA Rits, following the instructions
of the manufacturer (EMD Millipore Corporation,

MA, USA). Glucose was determined using a drop
of blood obtained by cardiac puncture. The blood
was added to a test strip that was inserted into
the measurement device (Accu-CheR® Performa,
Roche, SP, Brazil), according to the manufacturer's
instructions.

Statistical analysis

The results are reported as means + SD. The data
were analyzed using ANOVA (analysis of variance)
to compare the means, while the Fisher test was
used for multiple comparisons. Statistical analyses
were performed using a software program (Sigma
Stat, Systat Software, CA, USA). Significant statisti-
cal differences among the means of the treatment
groups were considered for P-values < 0.05.

Results

Morphometric data

The morphometric data of body weight, ovarian
weight, and gonadosomatic index are presented
in Table 1. 30 days: Higher body weight was obser-
ved for the C group, compared to the PCO and MSC
groups. The GSI was higher for the PCO and MSC
groups, compared to the C group. 60 days: Higher
body weights were obtained for the C and PCO
groups, compared to the MSC group. Comparison of
the values obtained at 30 and 60 days showed a
reduction of body weight for the C group. For the C
and MSC groups, the ovarian weight and GSI| were
lower at 60 days of the experiment, compared to 30
days.

Table 1 - Body weight, ovary weight, and gonadosomatic index (GSl) for the control (C), polycystic ovary
(PCO), and adipose-mesenchymal stem cell (MSC) groups, after 30 and 60 days of the in vivo experiments.
The results are presented as mean + SD (nh=5). * Indicates statistically significant differences between
means for different times in the same group. Different letters indicate statistically significant differences

between groups for the same time (P < 0.05).

BODY WEIGHT (g) OVARY WEIGHT (g) GSI (%)
GROUPS 30 days 60 days 30 days 60 days 30 days 60 days
C 5144 +14.1%" 4776 +1472 0.065+0.008" 0.041+0.01 0.049 + 0.001 = 0.008 + 0.003
PCO 460.4 +30.7° 446 £2272 0.073+0.03 0.041+0.01 0.015+0.007° 0.009 +0.003
MSC 3914 +268¢ 4048 +254° 0.06+0.01° 0.038 + 0.006 0.015+0.002"* 0.009 + 0.001
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Plasma glucose and insulin

The variations of plasma glucose and insulin are
shown in Figure 1. 30 days: There were decreases
of blood glucose in the PCO and MSC groups,
compared to the C group (Fig. 1A). In addition, there
were reductions of plasma insulin in the PCO and
MSC groups, compared to the C group (Fig. IB). 60
days: Plasma insulin was higher in the MSC group,

The importance of the fourth dimensions of fundamental...

compared to the PCO and C groups (Fig. 1B). The C
group showed a reduction of blood glucose at 60
days of the experiment, compared to 30 days. The
C and PCO groups showed decreased of plasma
insulin at 60 days, compared to 30 days. Finally, the
MSC group showed an increase of plasma insulin at
60 days, compared to 30 days.

Figure 1 - Plasma glucose (A) and insulin (B) for the control (C - circles), polycystic ovary (PCO - squares),
and adipose-mesenchymal stem cell (MSC - triangles) groups, after 30 and 60 days of the in vivo expe-
riments. The results are presented as mean + SD (n=5). * Indicates statistically significant differences (P <

0.05).
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Plasma progesterone and testosterone

Plasma progesterone and testosterone are
shown in Figure 2. 30 days: There were reductions
of plasma P4 in the MSC and PCO groups, compared
to the C group (Fig. 2A). 60 days: Plasma P4 showed
a similar pattern to that at 30 days., with reductions
in the MSC and PCO groups, compared to the C
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group (Fig. 2A). Higher plasma T was observed for
the PCO group, compared to the C and MSC groups
(Fig. 2B). The comparison between 30 and 60 days
showed a reduction of plasma P4 in the PCO and
MSC groups at 60 days, compared to 30 days.
There was an increase of plasma T in the PCO and
C groups at 60 days, compared to 30 days.

Figure 2 - Plasma progesterone (A) and testosterone (B) for the control (C - circles), polycystic ovary (PCO -
squares), and adipose-mesenchymal stem cell (MSC - triangles) groups, after 30 and 60 days of the in vivo

experiments. The results are presented as mean * SD (n=5). * Indicates statistically significant differences
(P < 0.05).
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Plasma gonadotropins

The plasma variations of pituitary gonadotropins
and the LH/FSH ratio are shown in Table 2. 30 days:
The LH concentration was higher for the C group,
compared to the MSC group. The FSH concentration
was higher for the C group, compared to the PCO
and MSC groups. The LH/FSH ratio was higher for
the MSC group, compared to the PCO and C groups.
60 days: The LH concentration was higher for the
MSC and PCO groups, compared to the C group.
The FSH concentration was higher for the MSC

group, compared to the PCO and C groups. The LH/
FSH ratio was higher for the C group, compared
to the PCO and the MSC groups. For the PCO and
MSC groups, LH was higher at 60 days than at 30
days. For the C group, FSH was higher at 30 days
than at 60 days, while for the MSC group, FSH was
higher at 60 days than at 30 days. Finally, for the
C and PCO groups, the LH/FSH ratio was higher at
60 days than at 30 days, while for the MSC group, it
was higher at 30 days than at 60 days.

Table 2 - Luteinizing hormone (LH), follicle-stimulating hormone (FSH), and LH/FSH ratio values for the
control (C), polycystic ovary (PCO), and adipose-mesenchymal stem cell (MSC) groups, after 30 and 60
days of the in vivo experiments. The results are presented as mean + SD (n=5). *Indicates statistically sig-
nificant differences between the times for the same group. Different letters indicate statistically significant
differences between the groups at the same time (P < 0.05).

LH (ng/mL) FSH (ng/mL) LH/FSH ratio
GROUPS 30 days 60 days 30 days 60 days 30 days 60 days
Cc 0334:+0.062 0366+0.05° 4078+0.632" 0293+058¢ 0.082:0.018°> 233:+0.882
PCO 0.231:0.06*> 1.017+0.28°" 2994+ 092> 235:+029® 0.09+0.052° 043:0.092""
MSC 0.179+0.03° 1.062+0.13 %" 0.612+044 4716:042° 0422:0.0852" 0228+ 0.046¢

Plasma leptin and osteocalcin

Figure 3 presents the results for plasma leptin
and osteocalcin. 30 days: Plasma leptin was
higher for the PCO group, compared to the C and
MSC groups (Fig 3A). There was no significant
difference in plasma osteocalcin between the C
and PCO groups, but both values were higher than
for the MSC group (Fig. 3B). 60 days: There were

reductions of plasma leptin in the PCO and MSC
groups, compared to the C group (Fig. 3A). There
was no significant difference in plasma osteocalcin
between the C and PCO groups, but both values
were higher than for the MSC group (Fig. 3B). In the
PCO and MSC groups, leptin was lower at 60 days,
compared to 30 days. In all the groups, osteocalcin
was reduced at 60 days, compared to the 30 days.

Figure 3 - Plasma leptin (A) and osteocalcin (B) for the control (C - circles), polycystic ovary (PCO - squares),
and adipose-mesenchymal stem cell (MSC - triangles) groups, after 30 and 60 days of the in vivo expe-
riments. The results are presented as mean * SD (n=5). *Indicates statistically significant differences (P <

0.05).
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Ovarian morphology

Figure 4 shows images of the ovaries from all the
groups for experimental times of both 30 and 60
day. At 30 days, the presence of follicles and corpus
luteum could be seen for all the groups. Currently,
there was no presence of ovarian cysts (Fig. 4A-F).
After 60 days, there were ovarian cysts in the PCO

The importance of the fourth dimensions of fundamental...

groups C (Fig. 4 G-H) and MSC (Fig. 4 K-L). In the
latter groups, there were healthy follicles and corpus
luteum. At 60 days, the numbers of healthy follicles
were higher in the C and MSC groups, compared to
the PCO group. On the other hand, the number of
follicular cysts was higher in the PCO group, compa-
red to groups C and MSC (Table 3).

group (Fig. 4l1-J), while these cysts were absent in

Figure 4 - Histological photomicrographs of sections of the rat ovaries after 30 days (A-B: control group
(C); C-D: polycystic ovary group (PCO); E-F: adipose-mesenchymal stem cell group (MSC)) and 60 days (G-
H: control group (C); I-J: polycystic ovary group (PCO); K-L: adipose-mesenchymal stem cell group (MSC))
of the in vivo experiments. Red arrows indicate follicles. CL: corpus luteum; C: follicular cysts. Sections
stained using hematoxylin-eosin; 100 x magnification; bars = 20 pm.

Table 3- Number of follicles, corpus luteum, and follicular cysts from control (C 30 and C 60 days), polycystic
ovary (PCO 30 and PCO 60 days), and adipose-mesenchymal stem cell (MSC 30 days, and MSC 60 days)
rats. Data are shown as the mean + SEM (n=5). *Indicates statistically significant differences between
means for different times in the same group. Different letters indicate statistically significant differences
between groups for the same time (P < 0.05).

FOLLICLE CORPUS LUTEUM FOLLICULAR CYST
GROUPS 30 days 60 days 30 days 60 days 30 days 60 days
C 1012 9+07°2 61+08°? 58+06° 028+03° 028+03¢
PCO SRR EPALH 23:06° 39+0.7% 21+08° 4+092 Fyak]:]-as
MSC 6.4+08° 8+00° 6+06°2 48+09-° 03+0.2° 04+01°
Discussion testosterone may have caused important metabolic
Rodents and sheep induced to PCOS like changes that resulted in body weight and GSI

women with PCOS have increased ovarian volume
and multifollicular ovarian morphology. The body
weight of animals induced to PCOS can increase or
decrease, depending on the animal model and the
PCOS induction method!'?2227-29] |n the present study,
the PCO and MSC groups had lower body mass and
higher GSI, compared to the control group. Body
weight analyses were performed considering weight
gain between the two experimental times, with the
greatest weight gain 60 days after PCOS induction
being observed for the PCO group. In addition, the
plasma levels of insulin, leptin, osteocalcin, and
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modifications. Women with high T values exhibit
increased body mass index, central adiposity, and
insulin resistancet®. Abnormal metabolic conditions
could result from a sustained positive energy
balance, when the energy intake is higher than the
energy expenditure, and exacerbated body weight
gain is associated with irregular fat accumulation,
which leads to obesity°3! in women with PCOSE®
32331 and in animals induced to PCOS 3!, Overweight/
obese women with PCOS are at increased riskR of
developing lipotoxicity due the excess fat free acid
into non-adipose cells, including the muscle, liver,
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pancreas, and ovaries39,

Women with PCOS seem to have a level of
peripheral insulin resistance that is much like that of
women with type 2 diabetes, which is characterized

by a 35-40% decrease in insulin-mediated
glucose uptakRe, and insulin resistance might
contribute to hyperandrogenism and gonadotropin
abnormalities®® 331, Insulin resistance and glucose
intolerance have also been described in animal
models induced by PCOS? 3201 The present results
showed that up to 30 days after PCOS induction,
plasma glucose and insulin levels were normal, with
lower concentrations for the MSC group. However,
60 days after PCOS induction, all the groups
showed high blood glucose, with only the MSC
group showing functional relationships between
insulin and glucose levels. MSCs transplantation
has been found to reduce glucose levels in diabetic
ratsB4. In human, it has been found to attenuate R
cell dysfunction by reversing R cell differentiation
in an IL-IRa-mediated manner, in response to
the elevated expression of proinflammatory
cytoRines®. Soluble factors, extracellular vesicles,
and miRNAs secreted by mesenchymal stroma
cells can reach many organs, modulating their
functions®. Therefore, the results suggested that
the injection of AMSCs into the ovaries could have
restored follicular steroidogenic activity, especially
T synthesis, which modulated plasma glucose and
insulin levels. In addition, chemical signals from
the AdMSCs injected into the ovaries could have
reached the pancreas, modulating insulin secretion.

Animals induced to PCOS develop anovulatory
cycles 3371 However, the causes for such cyclical
changes are variable and depend on the treatment
usedt® |n the present study, the PCO group
showed changes in ovarian cycles, with the cyclicity
returning to normal about 45 days after AdMSCs
injection. The observation of ovarian changes,
such as the presence of cysts in the ovaries of the
PCO group and changes in plasma levels of P4, T,
and pituitary gonadotropins, suggested that such
cycle changes were probably mainly due to ovarian
steroidogenic changes that altered the secretion of
pituitary gonadotropins.

The plasma P4 concentrations were lower for the
PCO group,compared to the control group, indicative
of lower ovarian synthesis due to reduced follicular
activity, fewer ovulations, and a reduced quantity of
corpus luteum. The plasma P4 concentration in the
MSC group was higher than in the PCO group, but
lower than in the control group. It is interesting to
note that in the MSC group, the ovary morphology
did not show cysts, only follicles and corpus luteum.
The results suggested that the higher P4 levels in
the MSC group were related to the return of ovarian
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activities such as folliculogenesis, ovulation, and
corpus luteum activity. MSC can both reducing
nitric oxide synthase reducing fibrose and can also
exert their healing effects by donating mitochondria
to target cells, as an important mechanism in
apoptosis prevention and metabolic damagel.. In
this way, since follicular steroidogenesis occurs in
the mitochondrial matrix, of theca and granulosa
cells, it appeared that paracrine effects on ovarian
steroidogenesis could be driven by AdMSCs.

Rats and mice induced to PCOS present
hyperandrogenism, with endocrine, reproductive,
and metabolic characteristics likRe those found in
women with PCQOS, including adipocyte hypertrophy,
insulin intolerance, increase in the size of the
ovaries, and anovulatory cycles?®3°. In the present
work, the MSC group presented plasma T levels
liRe those of the control group. The plasma T levels,
ovarian morphology with the presence of cysts, and
absence of cyclicity indicated that this animal model
was suitable for the intended purpose, especially at
60 days after induction of PCOS, providing a model
for reproductive studies related to this syndrome. It
is interesting to note that after PCOS induction and
AdMSCs injection, plasma T levels did not change
in the MSC group, compared to the control group.
In addition, the ovary morphology of the MCS group
showed a reduction in the number of follicular cysts,
together with increases of the number of follicles
and corpus luteum, compared to the PCO group,
suggesting that the AdMSCs injection strategy
would be appropriate for use in studies employing
animal models to investigate ovarian dynamics.
This potential is based on ovarian actions that are
modulated by the factors secreted by the MCSs,
including transforming growth factor (TGF), insulin
growth Ffactor (IGF-1), hepatocyte growth Ffactor
(HGF), interleuRin (IL), platelet-derived growth factor
(PDGF), and vascular endothelial growth Ffactor
(VEGF)7-8401  and as previously mentioned, MSC
can donate mitochondria to target cell, and they
can reduce ovary fibrosis and apoptosis activities.
However, future studies will be needed for molecular
investigations.

Hypergonadism due to LH excess, observed
in women with PCQS, is also a characteristic in
monReysB9 37 41 sheep!?, and rats*? induced to
PCQOS. Such an endocrine change may reduce the
sensitivity of the neuroendocrine system to negative
feedback from ovarian steroids, especially lower
sensitivity to testosteronel. Follicular granulosa cells
from women with PCOS demonstrated abnormal
responses in E2 secretion to gonadotropin stimuli44!,
It has been reported that MSCs improve ovarian
function and assist ovarian functional recovery, but
it remains unclear whether this effect is achieved
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by the differentiation of MSCs into oocytes or by
supporting steroidogenesis of the follicular and
stromal cells!™ 3¢ 40.45 The results showed that the
control group present normal feedback between
plasma T levels and pituitary gonadotropins.
However, the PCO group showed an increase
of plasma LH at 60 days, despite high plasma T
concentrations, suggesting lower sensitivity of the
pituitary to T. This corroborated the vicious cycle
of hyperandrogenemia, ovarian cysts, follicular
hyperthecosis, increased LH, greater stimulus for
T synthesis by theca cells, increased plasma T,
and more cysts. On the other hand, there was an
apparent restoration of feedback mechanisms
between plasma T and LH in the MSC group, again
suggesting paracrine modulation of the ovarian
steroidogenesis microenvironment by AdMSCs.
Circulating leptin levels have been positively
correlated with body fat, independent of PCQOS,
according to some studies!#l but not others“&47,
Leptin directly affects steroidogenesis of thecal
cells, and normally fluctuating concentrations of
leptin in blood may be important in communicating
the metabolic status of the animal to the
reproductive systemP°. A low dose of leptin was
found to increase P4 accumulation by luteinized
porcine granulosa cells in vitro, whereas a high dose
was inhibitoryP!. Leptin deficiency in female mice
was associated with impaired folliculogenesis and
increased follicular atresia®?. The results showed
that the highest leptin level occurred 30 days after
PCOS induction, which could have inhibited ovarian
steroidogenesis, since plasma levels of P4 and T
were very low. In addition, folliculogenesis could
also have been affected by leptin, because the
ovarian morphology analyses showed the highest
number of ovarian cysts in the PCO group. However,
the MSC group showed a reduction in leptin levels,
compared to the PCO group. As mentioned earlier,
the reduction in leptin levels, the increase in P4
levels, and reduction in the number of ovarian cysts
suggested that the injection of AAMSCs into the
ovaries could have modulated ovarian activities
such as steroidogenesis and folliculogenesis.
Osteocalcin, a polypeptide secreted by osteoblasts,
is found at high concentrations in the bone
extracellular matrix, and it also possesses several
characteristics of a hormone™. Studies indicate that
osteocalcin can regulate fat mass, insulin secretion,
male fertility, and energy expenditure, according to
multiple mechanisms, although fasting indices are
not always well correlate with insulin resistancel>%->3!,
The results of the present study revealed metabolic
changes that could be associated with OCN,
especially in the MSC group. In this group, the
lowest OCN concentration could be related to
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reductions of body weight, ovary weight, and GSI.
In other worR, osteocalcin decreased fat mass
and serum triglycerides levels, with the effect of
osteocalcin on fat mass possibly being indirect
and secondary to another physiological actionPZ.
This was corroborated by the present results, with
such changes probably being a consequence of
the integrated effects of OCN, leptin, and insulin,
especially for the 60-day time. However, future
studies are needed to clarify these relationships.
Osteocalcin can control glucose metabolism by
directly affecting pancreatic islet biology, as well
as insulin synthesis and secretion. Different to the
present results, Hinoi et allP¥, found that insulin
secretion was increased by OCN, due to its ability
to increase cytosol calcium levels. In the animal
model used in the present worR, the injection
of AdMSCs induced decreases of plasma OCN
and leptin, increase of insulin, and decreases of
body weight, ovary weight, and GSI, compared
to the control and PCO groups. Soluble Ffactors
secreted by MSCs include TGF, IGF-1, HGF, IL, and
PDGF [8], which can modulate hepatic, adipocyte,
pancreas, skeletal muscle, and bone metabolism,
affecting insulin synthesis and secretion, glucose
metabolism, and body weight. In addition, as PCOS
patients and rodent models are characterized by
hyperandrogenism, it may not be surprising that
OCN levels may change in PCOSP3, and results
present here showed the relationship among OCN
and testosterone were modulated by AdMSCs,
compared to the PCO group.

In conclusion, the results revealed endocrine-me-
tabolic-reproductive functions modulated by Ad-
MSCs in the ovaries. However, despite the results
showing changes among the P4, T, leptin, insulin,
and OCN levels, and the LH:FSH ratio, it was not pos-
sible to determine whether the AdMSCs modulated
ovarian activities directly or indirectly. The action of
the AdMSCs injected into the ovaries could be di-
rect, with modulation of the ovarian functions invol-
ving the hypothalamic-pituitary axis, or indirect, by
the effects of leptin, osteocalcin, and insulin on the
ovarian dynamics. The findings described here are
interesting, because they present data from female
rats, in an animal model integrating PCOS with Ad-
MSCs, considering their effects and the relationships
among ovaries, bones, and adipocytes. The results
suggested the existence of endocrine-metabolic-re-
productive microenvironment relationships modula-
ted by AdAMSCs, which could assist in guiding further
investigations to clarify pathophysiological mecha-
nisms that have not yet been fully elucidated.
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gel: a novel target for tissue repair
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Abstract: Bone morphogenetic proteins (BMPs) are potent promoters of osteogenesis, especially BMP-2, which has
been highlighted for acting as a growth and differentiation factor that promotes new bone formation. There are
several biomaterials that can be used to release bioactive substances, such as natural polymers. Cellulose has stood
out for the possibility of its chemical modification using the reagent 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO)
to obtain a cellulose derivative (TEMPO oxidized cellulose nanofibers - ToCNF), which is shown to be a promising
material for biological application. The objective of this work was to evaluate TEMPO cellulose immobilized with
rhBMP-2 against the activity of inducing bone cell proliferation and differentiation in vitro, evaluating the ability to
form bone matrix in pre-osteoblastic cell lineage of rats - MC3T3. Cell viability assays using resazurin were performed
and for detection of mineralized matrix, Alizarin Red solution was used. The results reveal the good capacity of
TEMPO cellulose functionalized with rhBM-2 in inducing the synthesis of mineralized bone matrix.

I{eywords: Bone Morphogenetic Protein 2. Bone regeneration. TEMPO cellulose. Tissue engineering. Biocompatible

materials.

Introduction

Bone morphogenetic proteins are a group of
proteins belonging to the Transforming Growth
Factor Beta (TGF-3) superfamily. BMPs are the most
studied and most promising group of growth factors
because they have a potent ability to promote
bone and cartilage formation. The ability of BMPs
to induce bone formation is called osteoinduction.
Osteoinduction is due to the competence of this
group of proteins to induce the undifferentiated
mesenchymal cell, present in the receptor area, to
transform into a bone-forming cell™,

After the discovery of BMPs, several studies
emerged on the osteoinduction capacity of these
proteins, as they have become of great interest to
several areas of medicine, especially regenerative
medicine . Some BMPs, such as BMP-2 (bone
morphogenetic protein 2) have been highlighted for
playing an important role in osteogenesis, and can
be used as a powerful osteoinductive component in
several tissue engineering products in the areas of
orthopedics and dentistry!?l,

BMP-2 has stood out for acting as a growth and
differentiation factor in the body, which promotes
new bone formation, acting extensively throughout
the osteogenesis phase, both in vitro and in
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vivo*?l, Years of studies have been carried out on
the application of different types of growth factors
in bone regeneration. It is proven that, among
all members of the BMP subgroup, BMP-2 is the
most potent growth factor with positive effects on
undifferentiated mesenchymal cell differentiation
and osteogenesis!®!

Theresults of several animal experiments suggest
a bright future for BMPs for bone reconstruction,
bringing therapeutic benefits”. However, like other
factors, BMPs require a transport system that
releases them slowly and gradually, allowing an
adequate condition for cell migration, proliferation
and differentiationt®!.

The use of BMPs in bone repair and regeneration
is ushering in a new era for orthopedic and
craniofacial reconstruction®®, as animal and human
studies have already proven the ability of BMPs to
promote bone formation®. Therefore, since their
discovery, BMPs promise a promising future in the
field of tissue engineering'. However, one of the
biggest problems for researchers is to develop ways
to deliver these osteoinductive factors and therefore
achieve clinical success in humans!®°.,

Tissue engineering and regenerative medicine are
constantly growingandhave positive contributions to




the advancement of various pathologies, especially
on the world stage due to the low number of organs
and tissues available for transplantation!. Tissue
engineering is a multidisciplinary field that involves
several areas of Rnowledge, mainly the medical,
biological and engineering areas. It aims to improve
new techniques and develop new biomaterials that
restore, maintain or improve the function of different
organs and tissues!'?3!,

Thechoiceofabiomaterialdependsontheanalysis
of several conditions, such as biocompatibility,
toxicity, biodegradability, as well as the material’s
degradation rate and biofunctionality. A biomaterial
must also be able to retain the growth factor at the
repair site for a period compatible with the time of
tissue re-formation®. There are several biomaterials
available, highlighting the natural polymers that
can be of protein origin, such as collagen, and
polysaccharide, such as cellulose, among others.

Hydrogels are three-dimensional polymeric
networks formed by hydrophilic structure capable
of absorbing and releasing water or biological fluid
in response to environmental conditions. The
retention capacity of hydrogels is associated with
the hydrophilic groups present in their composition
(-OH-, -CONH-, -COO- and -S502H-)[15] and
other factors such as pH and temperature. While
the expansion capacity is linked to the osmotic
phenomenon!™. There are several hydrogels with
application in regenerative medicine, among them
are cellulose-based hydrogels.

Cellulose is one of the most abundant polymers
in nature, it is a polymer formed from the bonding of
thousands of glucose units. This polymer can also be
classified as a polysaccharide and is present in most
plants, maRing up their cell walls. In the broad field
of tissue engineering and biomedical applications,
cellulose is recognized for having distinctive
characteristics!'. Although cellulose in natura does
not present a degradation rate in time compatible
with the repair time of most tissues, being a limitation
for more complex biomedical applications?.
However, cellulose has, among other characteristics,
water retention capacity, hydrophilicity and
biocompatibility!!. In addition, it displays functional
groups available for chemical modification. The
oxidation of the glucose carbon-6 hydroxyl group
with 2,2,6,6-tetramethyl-I-piperidinyloxy (TEMPQO)
radical,generates the cellulose derivative (ToCNF
or also called TEMPO cellulose) rich in carboxylic
groups, highly hydrophilicc with the physical
appearance of a viscous transparent hydrogel,
formed by individualized nanofibrilst!.

Recent advances in bone regeneration have
explored innovative biomaterials based on TEMPO-
oxidized cellulose nanofibrils, as they have been
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shown to be resorbable in humans at physiological
pH (~7.4). Approximately 90% by weight of the
oxidized cellulose is solubilized within 21 days and
converted into the sodium salt of polyglucuronic
acid, which is easily eliminated by the body!®!.

The study by Abouzeid et al.'”! evaluated the in
situ mineralization of calcium phosphates (dicalcium
phosphate dihydrate and hydroxyapatite) in hybrid
hydrogels combining alginate, PVA, and TEMPO-
oxidized cellulose nanofibrils (T-CNFs) under
different pH levels, aiming at applications in bone
regeneration and wound healing. The results showed
that the hydrogels containing hydroxyapatite are
more stable and promising for supporting the healing
of both hard and soft tissues, demonstrating the
potential of these materials in tissue engineering.

In line with this approach, the study by Gorgieva
et all?9 investigated gelatin scaffolds reinforced
with TEMPO-oxidized cellulose nanofibrils modified
with phosphonate groups to promote calcium
deposition by mesenchymal stem cells. The
modified scaffolds showed greater hydroxyapatite
deposition and supported cell growth compared
to unmodified scaffolds, demonstrating superior
osteoinductive potential and standing out as a
promising alternative for bone regeneration.

Salama et al! then, assessed via calcium
phosphates (CaP also developed a nhew biomaterial
for bone regeneration composed of TEMPO-oxidized
cellulose nanofibers (T-CNF) grafted with soy protein
hydrolysate (SPH) and mineralized with calcium
phosphate (CalP). This material demonstrated high
biocompatibility, promoting the proliferation and
differentiation of human mesenchymal stem cells
and forming a mineralized matrix similar to bone
apatite. These results indicate that the biomaterial
is promising for bone tissue repair and regeneration,
mimickingthe composition and biological properties
of natural bone.

Complementarily, the study by Yao et all??
developed biomimetic materials for bone
regeneration using cellulose nanofibrils (CNFs)
modified by TEMPO oxidation and chitin (ChNFs),
which were enzymatically mineralized with alRaline
phosphatase (ALP) to form calcium phosphate (CaP)
deposits. The resulting materials demonstrated high
stiffness and strength while maintaining flexibility
and adjustable mechanical properties, showing
great potential for applications in bone replacement
and tissue regeneration with structural gradients.

Ingole et al” developed and characterized
hydroxyapatite (HA) nanocomposites reinforced with
TEMPO-oxidized cellulose nanofibrils (TCNF) and
cellulose nanocrystals (CNC) for bone regeneration
applications. The composites containing TCNF
exhibited superior mechanical properties, such as
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compressive strength, elastic modulus, and fracture
toughness, comparable to cortical bone. All HA
composites, regardless of the type of nanocellulose,
were biocompatible and promoted the viability of
human osteoblasts, highlighting their potential for
bone regeneration in load-bearing applications.

In the area of 3D printing, Im et al.**! developed
an osteogenic bioink composed of alginate, TEM-
PO-oxidized cellulose nanofibrils (TOCNFs), and
polydopamine nanoparticles (PDANPSs) for the cre-
ation of scaffolds intended for bone tissue engine-
ering. The incorporation of TOCNFs and PDANPs
increased printability, improved the mechanical pro-
perties and bioactivity of the bioinR, and promoted
the proliferation and osteogenic differentiation of
osteoblastic cells.

Given the current scenario concerning studies
on cellulose nanofibrils for bone repair, this study
presents a novel approach by combining TEMPO-o-
xidized cellulose (ToCNF) with recombinant human
bone morphogenetic protein BMP-2 (rhBMP-2).The-
refore the objective of this workR was to evaluate
the ability of TEMPO cellulose hydrogel immobili-
zed with human recombinant bone morphogenetic
protein (rhBMP-2) to induce bone cell proliferation
and differentiation in vitro, as well as the ability to
form bone matrix in mouse pre-osteoblastic cell line
- MC3T3.

Materials and Methods

Preparation and characterization of TEMPO-
oxidized cellulose nanofibrils (ToOCNF)

ToCNF was prepared in two steps, firstly, the
bleaching, followed by chemical modification (oxi-
dation). For bleaching, 10 g of milled sugarcane
bagasse (~1 mm length) was extracted in a Soxhlet
system using toluene/ethanol 2:1 (v/v) for 8 h and
then dried overnight at room temperature. The dried
fibers were dispersed in 1.3 % sodium chlorite solu-
tion (400 mL), the pH was adjusted to approxima-
tely 4 (x 0.5) with diluted acetic acid, the mixture
was heated at 75 °C and stirred for 1 h, using a reflux
condenser system. Then, the fibers were washed
with deionized water up to neutral pH. The fibers
were then dispersed in 2 wt% IKOH aqueous solu-
tion (400 mL) and stirred at 85 °C for 2 h. Then, the
fibers were again washed with deionized water up
to neutral pH. The treatment with sodium chlorite
solution (first step) was repeated. This was followed
by treatment with 5 wt% KOH aqueous solution
(400 mL) at 85 °C for 2 h, followed by washing with
deionized water. For chemical oxidation, the blea-
ched sugarcane bagasse suspension (10 g, 1 wt¥%),
sodium bromide (1 mmol/g cellulose), and TEMPO
reagent (0.1 mmol/g) were stirred together, and the
sodium hypochlorite solution (5 mmol/g cellulose)
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was slowly dropped into the suspension. The pH
of the suspension was maintained at ~10 by slowly
dropping 0.1 M NaOH. After the pH was stable at
~10, the pulp was filtered and extensively washed
with deionized water to neutral pH. The oxidized fi-
bers were sonicated in an ultrasonicator (Hielscher,
UP 40065, 400 W, 24 RHz) using an ice bath, until
the formation of a transparent gel (1 min sonication,
and 2 min interval, for about 10 min).

The ToCNF content in the hydrogel was
determined by gravimetric analysis at 105 °C for
6 h. The carboxylic acid content in the structure
of ToCNF was determined by conductometric
titration!®!. The chemical modification was accessed
by FTIR using a PerRin-Elmer Spectrum 100 FT-IR
Spectrometer equipped with an ATR module with a
selenite diamond crystal, the resolution being 4 cm
after 16 scans.

Cell culture

Human fibroblasts (GMO7492) and osteoblast-
liRe rat cells (OSTEO-1) were cultured in DMEM
medium supplemented with 10% fetal bovine serum
(FBS). The osteoblast precursor cell line derived from
mouse calvaria (MC3T3) was cultured in a-MEM
medium supplemented with 10% FBS. All cell lines
were incubated at 37 + 2 °C in an atmosphere of 5%
CO, until reaching 80-90% confluence to be used in
the experiments.

Cellularization and ToCNF cell viability assay

ToCNF membranes were inserted into the wells
of a 96-well plate and then with 1x10%/well and Rept
in incubation. Growth was monitored for 72 hours
by the resazurin viability method.

Resazurin is a blue, weaRly fluorescent dye, redu-
cible to resorufin, a pinR dye with high fluorescence.
The reduction of resazurin takes place by the dehy-
drogenase enzymes of the mitochondria of living
cells, therefore the fluorescence generated by reso-
rufin indicates cellular viability as it is a metabolite
generated only in the presence of living cells.

Every 24 hours, 200 pL of the resazurin solution
was removed and transferred to a 96-well plate,
and the fluorescence measured in a plate reader
(SpectraMax i3, Molecular Devices, USA) at 570 nm
excitation and 590 nm emission length.

Detection of rhBMP-2 induced mineralization by
Alizarin Red staining assay

The alizarin red staining was used to detect
calcium deposits of mineralized extracellular matrix
in Osteo-1 cell culture. Osteo-1 cells treated or not
treated with rhBMP-2 were seed in a 24 wells plate
(Ix10° cells/well) and incubated in DMEM culture
medium supplemented with FBS10% at37+2°Cin5
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% CO, atmosphere for7 days. The samples were fixed
using ethanol (70 % v/v) and stained with alizarin red
1% (1 % w/v) for 2 min at room temperature followed
by washing with distilled water until excess dyed
is removed. The stained wells were photographed
under light Zeiss microscope. After imaging the
hydroxyapatite crystals were destained in 0.1%
acetic acid (v/v) and a 100 pl aliquot was transferred
to a 96-well plate for absorbance (540 nm) reading
in Spectra Max i3 plate reader (Molecular Devices).
The values obtained were plotted in a bar graph
using the Graph Pad Prism program.

Immobilization by adsorption of rhBMP-2 on
TEMPO cellulose

In a 24-well plate, two wells were filled approxi-
mately with a volume of O.3mL of ToCNF and 1 mL
of PBS solution containing the purified rhBMP-2
at variable concentrations (mg/mL). aiming its im-
mobilization on the surface of TEMPO cellulose
by electrostatic attraction of oppositely charged ,
namely, the negative charges from TEMPO cellu-
lose with the positive charges from the protein side
chains. The plate was incubated at room tempera-
ture for 4 hours. Then, the solution from each well
was removed using a micropipette for absorbance
reading in Nano Drop (Thermo Fisher) - small vol-
ume spectrophotometer (1-2 pL).

Proliferation and Mineralization detection at the
surface of TOCNF-rhBMP2

To evaluate the proliferation of cells with or
without TEMPO cellulose, MC3T3 cells were seeded
in triplicate in a 24-well plate previously filled or not
with TEMPO cellulose, at a density of 5x103 cells/
well. The plate remained in an oven at 37°C in a
humidified atmosphere containing 5% CO, for 48
hours. Every 24 hours the medium was removed and
avolume of ImL of resazurin solution (10% in culture
medium)was added to each well followed by 4 hours
of incubation. After the incubation period, 200 pL of
the resazurin solution was removed and transferred
to a 96-well plate, and the fluorescence measured
in a plate reader (SpectraMax i3, Molecular Devices,
USA) at 570 nm of excitation and 590 nm of
emission length.

After chemical bonding of rhBMP-2 on TEMPO
cellulose MC3T3 cells were seeded in a 24-well
plate (2x10% cells/well) whose wells were pre-filled
with rhBMP-2 treated or untreated TEMPPO cellulose.
After 24 hours the medium was removed, the wells
werewashedwith PBS Bufferand thedifferentiation
medium (a-MEM supplemented with 10%4FBS, 10
mM (-glycophosphate, 0. mM dexamethasone
and 50 mM ascorbic acid) was added to the
corresponding wells of cellulose untreated with
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rhBMP-2. The medium was changed every 3 days
and the plate remained in an incubator at 37° C
in @ humidified atmosphere with 5% CO.. After 14
days, staining with Alizarin Red was performed to
verify the presence of mineralized bone matrix by
t mineralization nodules detection. For staining the
cells were fixed in 4% paraformaldehyde solution
(m/v)atroomtemperature for10 minutes followed by
washing with 1X PBS. After washing, ImL of Alizarin
Red solution was added to each well and the plate
was incubated for 30 minutes at room temperature.
Then the dye was removed, the wells washed with
distilled water and images were captured using a
NikRon Eclipse T5100 inverted microscope.

Results and Discussion

The curve of the conductometric titration of
ToCNF is shown in Figure 1. The results indicated, by
simple titration, that the number of free carboxylic
acid in ToCNF was 0.25 mmol/g. These chemical
modification was confirmed by FTIR, which results
are shown in Fig. 1 B. ToCNF FTIR spectra bands at
about 3300, 2900, and 1027 cm’, correspond to
the vibrations of the -OH, C-H, and C-O-C groups,
respectively, of the glucose structure, typical of
cellulosic substrates. The strong peak at 1599 cm’
is assigned to the asymmetric stretching vibration
of carboxylate (C=0) formed after the oxidation of
the C-6 primary hydroxyl groups of cellulose (26,27)
with  2,2,6,6-tetramethylpiperidine-1-oxyl reagent
(TEMPO. These results confirm the oxidation
reaction of cellulose.

ToCNF membranes were inserted into the wells
of a 96-well plate and then cellularized with 1x104/
well and Rept in incubation. Growth was monitored
for 72 hours as shown in Photographs A, B, C, D and
E in Figure 2.

After cellularization of the ToCNF membranes,
the resazurin method was adopted to verify the
viability of the cells that were adhered to the cellulose
membranes. Figure 3 shows the average of the
fluorescence points measured at pre-established
times. From these results it is possible to see that
the ToCNF membranes had a lower cell viability
compared to the control cells. However, there was
a stabilization of cell growth demonstrating that
ToCNF membranes were not cytotoxic (Figure 3).
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Figure 1 - Conductometric titration curve (A) and FTIR-ATR spectra of TOCNF (B) and the TEMPO cellulose

gel (C).
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Source: Own authorship, 2024.
Figure 2 - Cellularization of the membranes (A — Cellulose membrane plus cells at time O; B - Cellulose

membrane after 4 hours; C — Cellulose membrane plus cells after 24 hours; D — Cellulose membrane plus
cells after 48 hours).

Source: Own authorship, 2024.
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Figure 3 - Cellular Proliferation of TOCNF membranes by Resazuirn Method.
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The results of the use of rhBMP2 into the minera-
lization culture medium are shown in Figure 4. The
images of optical microscopy at two magnifications
(A and B, and C and D) for the mineralized matrix
free of rhBMP2 and in presence of rhBMP2 indicate
that both the conditions led to the mineralization,
however, with visual evidence of increased minerali-
zation in the presence of the rhBMP2, evidenced by
the intensity of the red color in this sample. These
results showed the osteoinduction of rhBMP2, as it
is one of its most important biological activities. Fi-
gure E shows the picture of the wells of the culture
plate, with the mineralized culture replicates at the
top and the mineralized culture replicates in presen-
ce of the rhBMP2 at the bottom. Figure 4 F shows

the values of the absorbance of the mineralization
tests carried out using the wells of Fig. 4 E, and the
total agreement of the visual color intensity with the
spectrophotometric reading.

In the experiments carried out to immobilize
rhBMP-2 on TEMPO cellulose, it was possible to
make an estimate in percentage of the concentration
of protein adsorbed on the cellulose. In each
experiment, a volume of 1 mL of solution was used,
containing a certain concentration of rhBMP-2.
After the incubation time applied in this worR, the
final reading of the protein concentration in each
experiment was performed. Results were expressed
as a percentage (Table 1).

Figure 4 - A and C shows the microscopy of the mineralized cells matrix formed in the medium free of

rhBMP2, at two different magnification (20X and 40X); B and D shows the microscopy of the mineralized

cells matrix formed in the media with rhBMP2, at two different magnification (20X and 40X); E shows the

visual aspect of the plate wells with samples A and B; and F shows the spectrophotometric data reading of
the test of mineralization for samples A and B.

Source: Own authorship, 2024.
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Table 1 - Percentage of adsorption of rhBMP-2 on TEMPO cellulose.

Experiment mg/mL (initial) mg/mL (final) %
1 0.225 0.110 488
2 0.244 0.120 491
Average 0.234 O.115 489

Source: Own authorship, 2024.

In the short incubation time adopted in this work,
the results obtained in the two experiments gave a
percentage of approximately 49% of adsorption of
rhBMP-2 on TEMPO cellulose. In addition to being a
low and affordable production cost strategy.

The cell proliferation assay was performed using
resazurin. The blue, non-fluorescent resazurin is
reduced to the pinR, fluorescent resazurin, and its
formation is directly proportional to mitochondrial
metabolic activity and cell viability. For this worR, re-
adings of the times of 24 and 48 hours were made.
The results were presented with the fluorescence
values by arbitrary unit (AU), as shown in Figure 5.

The results revealed that the biomaterial used
could promote viability and cellular proliferation by

the increase in fluorescence.

The images in Figure 6 show TEMPO cellulose
treated or not with rhBMP-2 before the induction
of mineralized bone matrix synthesis, as well as
revealing the synthesis of mineralized bone matrix
stained with Alizarin Red. For TEMPO cellulose
not immobilized with rhBPM-2, a culture medium
containing osteoinductors (differentiation medium)
was used. While for the TEMPO cellulose treated with
the protein, there were no osteoinductive factors in
the medium used.

Qualitatively, it is possible to observe that
TEMPOQO cellulose - rhBMP-2 was able to induce the
synthesis of mineralized bone matrix, as we can
visualize calcium-alizarin crystals.

Figure 5 - Resazurin reduction at 24 and 48 hours, expressed as percentage reduction.

MC3T3 cells
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Figure 6 - TEMPO cellulose treated or not with rhBMP-2- Images captured at 10x magnification by optical

microscopy. Arrows indicate the presence of mineralized bone matrix. Images Al, Bl and Cl show, respec-

tively, the cell culture (MC3T3) without TEMPO cellulose, the cellularized TEMPO cellulose and treated

with rhBMP-2 and the cellularized TEMPO cellulose and not treated with rh-BMPP-2 before the induction

of synthesis. of mineralized bone matrix. A2, B2 and C2 reveal the synthesis of mineralized bone matrix
stained with Alizarin Red.
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verhs
77
/

Conclusion

The cell viability results of cellularized ToCNF
membranes indicate that the modified cellulose
provides a stable environment for cell maintenan-
ce, corroborating the results of detection of proli-
feration and mineralization on the surface of ToC-
NF-rhBMP2. Overall, this study demonstrates that
TEMPO cellulose functionalized with rhBM-2 has
significant potential for use as a biomaterial in bone
tissue repair. New studies should be encouraged to
confirm the experiences found.
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Abstract: The National Institute of Industrial Property (INPI) is the government body responsible for granting patents
in the national territory; in the case of medicines, they need to be registered with the National Health Surveillance
Agency (ANVISA) in order to be marketed. There was a divergence in legal interpretation (of Art. 229-C of the
IPL) which caused damage to entrepreneurs, laboratories and the community in general, as there was no express
provision as to whether ANVISA's opinion would be binding on the INPI's decision on patent issues. The aim of this
research was to analyze this problem, raising its main points and demonstrating how dangerous and damaging
bureaucracy and inefficient and obscure normative acts that give rise to dubious interpretation can be, based on the
application of hermeneutic and dialectical methods. In 2021, the Superior Court of Justice (STJ), in Special Appeal n.
1543826, held that ANVISA's opinion would be a valid prerequisite for granting patents for pharmaceutical products
or processes. It was found that the STJ decision increased ANVISA's "powers”, but with the repeal of Art. 229-C of the
IPL, the dilemma was extinguished and the competencies of each body re-established. It is therefore of the utmost
importance to fill legal gaps and issue clear and specific laws so as not to leave room for harmful interpretations,

guaranteeing original competences and legal certainty.
IKeywords: Medicines. ANVISA. INPI. Patents.

Introduction

Health is one of the areas in which biotechnology
operates and, specifically for this study, the
pharmaceutical area, which uses biotechnological
techniquesto produce medicines such as antibiotics
and biopharmaceuticals, e.g. using genetically
modified cells to produce therapeutic proteins such
as recombinant insulin for diabetic patients and
monoclonal antibodies to treat cancer, for example 2°),

The Institute of Science, Technology and
Industrial Quality (ICTQ), based on research
carried out, has verified the growth trend of the
global biopharmaceuticals market, which is worth
around USs160 billion a year. In Brazil, there are
pharmaceutical companies with biopharmaceutical
development projects, such as Libbs, Cristalia,
Recepta and BioNovis (a joint venture created
by Aché, EMS, Hypermarcas and Uniao Quimica
laboratories)?,

Due to the importance of medicines for the
protection of human life, materializing the right
to health and, as well as national economic
development through the production and marRketing
of drugs, this research addresses the problem
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involving the two responsible bodies: the National
Institute of Industrial Property (INPI) which protects
property rights and the National Health Surveillance
Agency (ANVISA) which grants registration for the
marReting of drugs.

It should be noted that as part of the state’s
obligations, it is the government’'s role to establish
policies and laws aimed at protecting human health,
and there is a particular concern involving the process
of registering drugs by the ANVISA and the analysis
of patent applications by the INPI in the area of drugs.

ANVISA is the public body responsible for
analyzing drug registration applications and defining
the criteria and stages necessary for the release of
a new drug in the national territory; only after the
registration has been granted will the drug be released
for sale®. The INPI is a federal authority responsible
for granting patents and registering other intellectual
properties, as well as supporting the technology transfer
process,

What is the relationship between these two
bodies when it comes to medicines? As a result of
the amendment to the IPL and the insertion of Article




229-C, a problem arose, involving the question of
competence, as to whether or not ANVISA's opinion
was binding on patent applications for medicines
filed with the INPI, leading to a clash of competences
between them. The Superior Court of Justice (STJ)
was asRked to give its opinion, taking the view that
the opinion was binding. However, in the same year
(2021), Law 14.195 was enacted, resolving the impasse
and separating the competences, in the sense that
the INPI is not bound by ANVISA’s opinion when
granting patents for pharmaceuticals.

The aim of this research is precisely to discuss
the current rules for granting patents and registering
medicines in Brazil, so that they can contribute
to innovation and entrepreneurship in the area of
pharmaceuticals. This is a literature review, carried
out on the basis of journals, the government, the
ST) and its decision on the matter, presented from
the perspective of the hermeneutic and dialectical
methods.

Materials and methods

A bibliographical survey was carried out, a
literature review, with a documentary approach
and analysis of data contained in literary, scientific
and technical worRs, on the official websites of the
Ministries of State, the INPI, ANVISA, the STJ and
current legislation related to the subject.

The methods used were hermeneutic and dialectic.
Hermeneutics, or the interpretative method, aims to
understand a text or discourse, verifying its sense
(its meaning). The dialectical method considers
the permanent transformation of society. Through
discourse based on reasoned arguments, with a
view to transforming and improving antagonistic
relations, criteria are established for the practice of
conduct and the adoption of mechanisms aimed
at the evolutionary process®. Thus, the dialectical
method, following the Hegelian conception with the
formulation of a thesis (initial statement), antithesis
(refutation of this statement by contrary aspects) and
synthesis (a new thesis based on logical convergence
or this dialectical logic) was applied to organize the
arguments and draw up the conclusions.

Relationship between drug
patents

According to Igor Simdes®’), the government is
concerned about the pharmaceutical sector, both
in terms of registering drugs and granting patents.
However, the sector is faced with the constant
concern of the government compulsorily licensing
patents (promoting patent infringement). In addition,
Simoes says that the problem involving the sector
(registration, granting of patents for medicines and
possible compulsory licensing) lies much more in the

registration and
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lacR of investment and serious and effective public
policies in the area of health, much more than in the
granting of patents, and the population has the most
to lose in this process of divergence.

In order to give the population greater access to
medicines, the government is promoting incentives
for the generic drug industry. The world market for
generic drugs has grown by an average of 11% a year
and consumption of these drugs in Brazil has also
grown by approximately 220% since they were first
made available in pharmacies in 2000. This is due
to lower research and marReting costs, which is
reflected in the value of the product to the consumer,
representing savings of up to 40%’!. However, the
genericdrug can only be manufactured and marketed
if there is no patent in force and other rights that
guarantee exclusivity rights.

[Patent protection gives the holder a monopoly on
the exploitation of the product for a certain period
of time. It is worth noting that the LPI considers an
invention patent to be a product or process that
meets the following requirements: inventive step,
novelty and industrial application. The patent granted
is valid for 20 (twenty) years from the date of filing.
Utility model patents are for objects of practical use,
or part thereof, susceptible to industrial application,
which present a new form or arrangement, involving
the inventive act, which results in a functional
improvement in its use or manufacture; it is valid
for 15 (fifteen) years. And finally, the certificate of
addition of invention translates an improvement
or development introduced into the object of the
invention, even without inventive step, but still within
the same inventive concept; it is considered an
accessory to the patent, which is why it has the same
expiry datel®l.

But in the case of medicines, the granting of
the patent would be linkRed to the prior consent of
ANVISA. The process follows the stages described
in Figure 1.

Until 2001, the INPlexamined drug patents without
interference from the ANVISA. With the advent of
Law n. 10.196, which came into force on February 14,
2001, Art. 229-C was included in Law n. 9.279/1996
(Industrial Property Law - LPI), determining that the
granting of patents for pharmaceutical products and
processes would henceforth depend on ANVISA’s
prior consent.

Thus, the granting of a patent does not authorize
its holder to commercialize the medicine, it only
protects and guarantees the property rights over
the product, and may enter into contracts for the
assignment of rights, for example. However, the drug
cannot be made available on the consumer marRet,
as this requires registration with ANVISA.

The legislative change has sparkRed discussions,
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Figure 1 - Analysis of patent applications for pharmaceutical products/processes.
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especially regarding the constitutional right
to property, which includes the right to patent
protection. Therefore, if the requirements are
present and the legal requirements for granting the
patent by the INPI have been met, it would not be
possible to include a new restriction, in this case the
prior consent of ANVISA, which would be reflected in
the consent of the Federal Government, thus hindering
the exercise of this right.

For Denis Borges Barbosal, it is not possible to
interpret Art. 229-C as ANVISA having the power
to deny or admit patents, based on the judgment
of convenience and opportunity inherent in the
discretionary power of the Public Administration,
because in this case, it would be totally incompatible
with Art. 5, inc. XXIX of the Federal Constitution of
1988, which establishes that the legal requirements
for granting a patent, in a binding procedure, can only
be created by ordinary law. The INPI has a duty to
listen to ANVISA, which will make a technical analysis
aimed at protecting life and health, but it cannot bind
the INPI's decision.

However, ANVISA’s understanding with the
legislative change was that it had the power to analyze
the technical requirements for patentability and not
only the issues inherent to efficacy and risks to life and
health 4. This discussion was taken to the Federal
Attorney General's Office (AGU), which confirmed

International Journal Of Advances In Medical Biotechnology - JAMB

the Agency’s role of analyzing only product/process
issues associated with health riskRs?".,

In a patent application denied by ANVISA, the
Federal Regional Court of the 2nd Region (TRF2)
ruled that the Agency’'s legal powers had been
overstepped, as they were restricted to examining
potential health risks. ANVISA appealed the
decision to the STJ, which held that ANVISA’s
favorable opinion was a prerequisite for the
granting of patents for pharmaceutical products or
processes, a discussion that will be revisited below.

In practice, from 2001 to 2017, the INPI only
analyzed drug patent applications after ANVISA’s
analysis and approval. As long as this consent was
not forthcoming, the processes remained stalled.
This procedure meant that at the time, more than
21,733 patent applications for medicines remained
paralyzed at the INPI for this reason!??.

In an attempt to resolve this issue and speed up
the analysis of processes involving pharmaceuticals,
the INPI and ANVISA formalized an agreement
in March 2017. The rule included prior analysis by
ANVISA, with the aim of ensuring that the drug was
effective and did not pose any health risks, but did
not bind the INPI in its analysis of the merits of the
patent, and it could grant it even if ANVISA issued
an unfavorable opinion, which was defined in Joint
Ordinance n. Ol, of April 12, 2017 (regulating the
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procedures for applying Art. 229-C of the LPI).

In summary, Joint Ordinance n. 01/2017
determines the processing of patent applications
for pharmaceutical products and processes:

»Art. 2: once the patent has been formally
examined by the INPI, the procedure for granting
ANVISA’s prior consent will takRe place after
the request for examination has been made (in
accordance with Art. 33 of the LPI);

»Art. 2, 81°: the INPI will publish the notification
of the forwarding of patent applications to ANVISA
in the Electronic Industrial Property Magazine (RPI)
and, when necessary, the decisions on examination
priority;

»Art. 2, 82°: the INPI will make the updated Ffull
contents of patent applications available, together
with the publication of the referral;

»Art. 3: The INPI will provide ANVISA with access
to the information contained in its database;

»Art. 4: After receiving the patent applications
forwarded to the INPI, ANVISA will analyze them
taRing into account aspects inherent to public
health, issuing a technical opinion;

»Art. 6: When the INPI disagrees with
ANVISA’s opinion, it must state the reasons for its
disagreement in a reasoned technical opinion;

»Art. 7: At the end of the INPI's examination
of patent applications with ANVISA’s consent,
an official list of patent applications granted and
published in the RPI will be sent to the Agency by
the INPI;

»Art. 9: An Interinstitutional Articulation Group
will be set up, with members from the INPI and
ANVISA, with the aim of exchanging technical
information and harmonizing understandings.

»Art. 11: the ordinance came into force sixty days
after its publication (04/13/2017).

In 2017, the Interinstitutional Articulation
Group (GAI) was created with the aim of analyzing
and suggesting instruments, mechanisms and
procedures for coordinated action between the
INPI and ANVISA in the analysis of patents for
pharmaceutical products and processes, under the
terms of Joint Ordinance no. 2, of October 20, 2017.
On March 26, 2018, the first technical meeting of the
GAl was held by videoconference, the main purpose
of which was to establish the Group’s workRing
methodology. On May 24, 2018, the Group’s second
meeting was held at the INPI's headquarters in Rio
deJaneiro. At this meeting, the main results obtained
over the period were presented, among them: the
optimization of the flow of patent applications, the
current methodology for forwarding letters and
opinions, the creation of pages on the portals of
both the INPI and ANVISA for greater transparency
of the GAl's worR.,
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In 2021, the 4th Panel of the Superior Court
of Justice (STJ) ruled that ANVISA’s opinion
is a prerequisite for the validity of patents for
pharmaceutical products or processes. According to
Justice Luis Felipe Salomao, rapporteur of the case
(REsp.No0.1543826), the best interpretation of Article
229-C of the IPL is to understand it as a prerequisite
for the validity of pharmaceutical patents granted
by the INPI. With this understanding, the justices
annulled the decision of the Federal Regional Court
of the 2nd Region (TRF2), which considered, in a
patent application denied by ANVISA, that it had
exceeded its legal powers, which were restricted to
examining potential health risks!'l.

ANVISA’s negative opinion in cases where it is
shown to be contrary to public health policies is bin-
ding and does not support the INPI’s decision. AN-
VISA's attributions are restricted to examining po-
tential health risks, and it is ANVISA’s responsibility
to determine before the INPI whether the granting
of exclusivity rights (production, use, commerciali-
zation, importation or licensing) could lead to a si-
tuation that is harmful to public health!™!,

However, Law n. 14195, of August 27, 2021
(Conversion of Provisional Measure n. 1.040/2021)
revoRed Art. 229-C of Law 9.279/1996, establishing
the end of ANVISA’s prior consent for patent appli-
cations for pharmaceutical products and processes
(Chart1).

In a note, available on the official website of the
Ministry of Development (2022), the INPI announ-
ced the procedures to be adopted:

a) the extinction of the flow of patent applica-
tions between the INPI and ANVISA since August
27,2021;

b) applications that are returned by ANVISA will
be processed normally at the INPI;

c) the applications concluded by ANVISA and
forwarded to the INPI before the revocation of Art.
229-C were published in the Industrial Property Ma-
gazine (RPI) n. 2763;

d) the applications that were at ANVISA were re-
turned to the INPI on August 30,2021, a total of 1,284
applications, of which 54 already had the consent
published by ANVISA before the revocation of the
article, so they would be published in the RPI;

e) the INPI is awaiting the return of 19 patent
applications that were under requirement or had
already been denied;

f) the applications filed by December 31, 2016,
included in the Backlog Combat Plan, have been
forwarded for examination!®.,
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Chart 1- INPI and ANVISA: chronology of the dilemma.

Law n.10.196/2001 inserted Art. 229-C into the LPI: “The granting of patents for pharmaceutical products
and processes will depend on the prior approval of the National Health Surveillance Agency - ANVISA.”

From 2001 to April/20
sent.

The INPI only analyzed patent applications after ANVISA’s opinion and con-

From April/2017 to
July/2021

Agreement signed between the INPI and ANVISA - Joint Ordinance No. O1, of
April 12,2017 (regulates the procedures for applying Art. 229-C of the IPL).

On August 5th, 2021

The 4th Panel of the Superior Court of Justice (STJ) has ruled that ANVISA’s
opinion is a prerequisite for the validity of patents for pharmaceutical produc-
ts or processes. According to Justice Luis Felipe Salomao, rapporteur of the
case (REsp. no. 1543826/R)).

tence of the INPI in granting patents.

Law n. 14.195/2021 repealed Art. 229-C of the LPI: extinguished the dilemma - re-established the compe-

Source: Own authorship, 2023.

The issue of ANVISA’s approval, the granting
of patents by the INPI and compulsory licensing of
medicines

BlocRing the analysis of the patent application
because of the wait for ANVISA's favorable opinion
created insecurity; for the company it makRes no
sense o invest in a product/process without
guarantees of commercial exclusivity. With the
application distributed, the principle of prior art
guarantees the right from the moment it is filed, but
while the criterion was to wait for ANVISA’s prior
approval before adding it to the application, the risk
was greater: in addition to the delay, the «secret»
could fall into the public domain (leak out in some
way) and be used by generic manufacturers.

The government can compulsorily license the
patent in cases of lack of exploitation in the national
territory, and how can you exploit it economically
(marRet the drug) without ANVISA's approval?
Since medicines cannot be markReted without
authorization through the relevant registration with
the Agency.

One term used by the informal media is that
the government will authorize the «breaking of the
patent» of a certain drug, which is nothing more than
authorizing the compulsory licensing of the drug,
i.e. the government authorizes another company to
exploit the drug, implying the loss of exclusivity of
economic exploitation by the patent holder.

The compulsory license is provided for in Art. 68
of Law 9.279/1996 (Industrial Property Law - LPI),
and will be applied to the patent holder in the event
of abusive exercise, abuse of economic power
(proven by administrative or judicial decision), in
the absence or insufficiency of manufacture of
the product and in the absence of full use of the
patented process, except in the case of economic
infeasibility. This is because patent protection, as a
protective reflex and guarantor of industrial property
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rights, must fulfill a social function and if it does not,
i.e. if it is used outside the legal limits, the patent
may be compulsorily licensed at the request of the
government or an interested third party.

The legal hypotheses that give rise to compulsory
licensing of patents are summarized below:

The exercise of a right in an abusive manner
(abuse of rights): this is the exercise of a right by its
holder that goes beyond the limitations imposed by
its economic or social purpose, by good faith or by
good customs (Art. 187, CC/2002), characterizing
an unlawful act subject to reparation.

Abuse of economic power: unlawful conduct
by an economic agent who has market power or
who assumes a dominant position in the market
exorbitates this power with a view to dominating
the marRet, eliminating competition and arbitrarily
increasing its profits, which are prohibited by
Brazilian legislation (Art. 173, 84 of the Federal
Constitution/88 cc. Art. 36 of the Antitrust Law -
Law n. 12.529/2011). It is worth mentioning that the
abuse of economic power must be recognized by
the Administrative Council for Economic Defense
(CADE), the competent administrative body, or by
the Judiciary, in a sentence handed down.

Failing to exploit the object of the patent in
Brazilian territory, due to the lack or insufficiency
of manufacture of the product or lackR of full use
of the patented process: reveals the «misuse of
property». It will be necessary to manufacture the
product or use the patented process in Brazil, and
importation will only be authorized in cases of
economic infeasibility, which is highly subjective
- there is no objective concept of what «economic
infeasibility» means, maRing it seriously difficult to
grant a license for this reason(',

When marReting does not meet the needs of the
market: when production is insufficient to meet the
needs of the market.
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In cases of emergency or publicinterest, declared
by the Federal Executive Branch, if the patent hol-
der or its licensee does not meet this need: through
collective interest, usually occurs in patents for pro-
ducts and processes involving health, for example
in the pharmaceutical industry in 2007 with Efavi-
renz, a drug for the treatment of HIV2¢!,

The compulsory license must be requested
by a third party with a legitimate interest and the
technical and economic capacity to exploit the
patent effectively, with the aim of supplying the
domestic marRet. It will be granted ex officio by the
Federal Executive Power, exceptionally in cases of
national emergency or public interest and, even in
these cases, only if the patent holder is not meeting
the needs of the market; the grant is exclusive and
sub-licensing is not allowed!,

The request for a compulsory license may be
rejected by the INPI. It is the right of the patent
holder to be notified of the request and to have a
period (60 days) in which to respond, proving with
documents the reasons for the disuse (the reasons
must be legitimate) or that they are takRing steps
to start production and/or increase it, justifying
the problems they are facing, or that they are not
producing due to force majeure, explaining them.
In this sense, if the arguments are proven and
accepted by the INPI, the compulsory license will
not be granted, and exclusivity will remain with the
holder of the Patent Letter. In the event of inertia
on the part of the owner, once the deadline for
manifestation has passed, the request for a license
will be granted under the conditions under which it
was filed.

If the owner contests the license request, the
INPI may carry out due diligence, appoint a commis-
sion (including external experts) to support the arbi-
tration of the remuneration due, since there was no
consensus between the parties. The arbitration will
take into account the circumstances and peculiari-
ties of the specific case, without forgetting to con-
sider the economic value of the license granted®.,

Bill 12/2021 was converted into Law 14.200/202],
amending the LP| to enable the compulsory licen-
sing of products to combat Covid-19, a necessary
measure to deal with public health emergencies.
It is now possible to compulsorily license patents
or patent applications in cases of national or inter-
national emergency or in the public interest and in
the face of a state of national public calamity (new
wording of Art. 71 of the LPI). The compulsory licen-
se may be granted ex officio, on a temporary and
non-exclusive basis, guaranteeing the rights of the
holder to compensation, with the holder's remune-
ration being set at 1.5% of the net sales price of the
product until its value is effectively established (Art.

Vol. 6 N.1, 2024

International Journal Of Advances In Medical Biotechnology - JAMB

The pharmaceutical patent process: National Health...

71 and its 813 of the LPI).

Compulsory license versus patent revocation

A compulsory license should not be confused
with patent revocation. The section above defined
compulsory licensing and the legal hypotheses for
requesting it. In this section we will summarize the
hypotheses of patent termination, which is different
from compulsory license,

According to Fabio Ulhoa Coelho®", the indus-
trial right protected by a patent will be extinguished
by virtue of the expiry of its term, forfeiture, non-
-payment of the amounts due to the INPI, the resig-
nation of its owner, the absence of a legal represen-
tative in Brazil, if the owner is domiciled or has its
headquarters abroad.

The doubts that can arise regarding the
termination of a patent are recurrent in the case of
forfeiture. Forfeiture arises from abuse or disuse in
the exercise of the right, which can be declared by
the INPI ex officio or if requested by an interested
third party, after the compulsory license has been
granted (3 years from the grant), after two years of
the license, the patent will fall into the public domain,
if the abuse or disuse of the product or process
is still verified. The defense and the adversarial
process are guaranteed in the forfeiture claim, an
administrative process with the INPI (LPI, Arts 80
to 83).

It is important to note that the law protects the
rights of third parties in the event of the owner
renouncing a patent (a unilateral act). Franchisees
and/or licensees, for example, must decline to
accept the act, and the INPI must prove that there
is no damage to the others involved (interested
contractors).

Art. 217 of the IPL states that «The person
domiciled abroad must appoint and maintain a
duly qualified attorney domiciled in the country,
with powers to represent them administratively and
judicially, including to receive summonsesy, failing
which the patent will be extinguished.

As you can see, compulsory licensing is an
institute for fulfilling the social function of property
and protecting the market and the consumer, while
termination is another instrument that will operate
in hypotheses other than those, the main effect of
which is to definitively end the right of the holder of
the Letters Patent to the exclusive exploitation of
industrial property.

Conclusion

Despite the «tug-of-war» between ANVISA and
the INPI, the joint ordinance eliminated (until 2021)
the contradictions and speeded up the registration
procedure in each body, establishing objective
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criteria, which culminated in a greater benefit to
health. In 2021, the STJ ruled that ANVISA's opinion
is binding and must be observed by the INPI when
granting patents on medicines in the event that it
contradicts public health policies.

It is clear that the STJ)'s decision had given ANVI-
SA greater power, conditioning its favorable opinion
on the granting of a patent by the INPI, especially
given the lack of regulations on what «contradiction
to public health policies» would mean, which is sub-
jective.

Then, also in 2021, Law 14.195 repealed Art. 229-C
of the LPI and extinguished the dilemma and legal
uncertainty, re-establishing the competence of the
INPI to grant patents and speeding up the process,
which had been too slow.
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Abstract: This article analyzes the classification of biotechnology as part of the fourth dimension of fundamental rights,
focusing on its essential content and effectiveness as a constitutional norm. The study explores how biotechnology
is incorporated into international treaties and how this recognition impacts the enforcement of fundamental rights. A
bibliographic and literature review was conducted, drawing on studies, scientific articles, and doctrines from respected
researchers and specialists in the fields of biotechnology and fundamental rights. Sources were selected based on their
relevance and contemporaneity, focusing on materials from the last ten years. The research examined Rey international
treaties, such as the Convention on Biological Diversity, to assess their role in shaping biotechnology as a fundamental
right.The findings reveal significant gaps in Brazilian legislation concerning biotechnology, which hinder the effective
implementation of related fundamental rights, particularly in terms of equitable access and sustainable development.
While international efforts to regulate biotechnology are advancing, national implementation remains inadequate. The
study highlights the need for a more comprehensive normative framework and the development of public policies
that ensure the responsible and safe advancement of biotechnology. It concludes that clearer legal interpretation and
stronger policy measures are required to fully integrate biotechnology into the fourth dimension of fundamental rights,

thereby promoting scientific and technological progress that benefits society effectively and safely.

I{eywords: Biotechnology. Fundamental rights. Fourth dimension. Essential content. International treaties.

Introduction

Biotechnology, as a multidisciplinary science
that encompasses various methodological
techniques for the genetic manipulation of living
organisms, has emerged as a powerful tool for
developing products and services that benefit
society across various aspects of contemporary
life. The continuous evolution of this feld has
sparkRed debates regarding its classification as
part of the fourth dimension of fundamental rights,
representing a profound shift in current ethical,
scientific, and legal discussions.

This scientific article aims to analyze the
implications of classifying Biotechnology within the
fourth dimension of fundamental rights, its essential
content, and its effectiveness as a constitutional
norm. To achieve this, the historical development
of Biotechnology was examined to assess its
impact on the effectiveness of fundamental
rights. The relevance of this topic lies in the need
to understand the challenges Biotechnology
poses to contemporary society, especially in
terms of its scope and implications for human
rights. The classification of Biotechnology as a
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fundamental right, anchored in international treaties
and agreements, holds the potential to ensure its
applicability within national legislations, protecting
its essential content and preventing restrictions that
could hinder its safe and responsible development.

The primary objective of this article is to analyze
Biotechnology as part of the fourth dimension of
fundamental rights, its inclusion in international
treaties, the recognition of its essential content,
and the influence this classification has on
the effectiveness of fundamental rights. The
methodology utilized was based on bibliographic
research and a comprehensive literature review,
exploring the studies and doctrines of renowned
researchers and experts in the field.

The following sections present the Rey findings
and conclusions drawn from this analysis, as well as
the ethical, scientific, legal, and social implications
of classifying Biotechnology within the fourth
dimension of fundamental rights. Finally, this article
highlights the importance of appropriate regulation
and the application of international treaties to ensure
the responsible development of Biotechnology and
its positive contributions to society.




The importance of the dimensions of the
fundamental rights

From the outset, it is important to note that,
according to Lenza', the dimensions of fundamental
rights represent a classification distinct from
the older «generations» approach. This shift in
perspective aims to avoid the notion of succession
or replacement between dimensions, which could
mislead the understanding of rights. There is no
linear transition but rather a continuous addition
of fundamental rights. In this research, we have
therefore opted to use the term “dimensions”
instead of “generations” when referring to this
concept.

Sarlet? asserts that when analyzing fundamental
rights, one must necessarily consider the historical
evolution that stems from humanity’'s own
transformations and progressions. These changes
affect the content, ownership, effectiveness, and
implementation of fundamental rights, resulting in
what can be seen as a genuine mutation.

The importance of classifying fundamental rights
lies in their connection to history and, consequently,
the evolution of both rights and society. As Tavares?
points out, human society’s needs are infinite and
inexhaustible, constantly being redefined and
recreated, thus generating a cycle of new needs and
advancements.

Therefore, discussing the various dimensions of
human rights protections supports the argument
that there is no eternal and immutable list of
rights inherent to human beings. Instead, there is
a continuous and persistent reconsideration of
rights.?

According to Moraes*the Brazilian Supreme
Federal Court, in its jurisprudence, has recognized
only the triad of dimensions or stages, which will be
discussed in the following section.

First dimension

The first dimension comprises what are Rnown
as rights of resistance, defense, and negative rights.
Agra® notes that the origin of these rights coincides
with that of the democratic rule of law, as they serve
to limit the actions of an oppressive State—a legacy
of absolutism—through the establishment of laws.
At the same time, they guarantee civil and political
rights, as well as freedom and private autonomy,
without any state interference.

Thus, they are termed the first dimension,
according to Wolkmer®, because of their significance
in the tradition of the political-legal institutions of
Western modernity, which emerged during the 18th
and 19th centuries. These rights reflect a historical
context shaped by the ideologies of secularized
natural law, Enlightenment rationalism, social
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contract theory, individualistic liberalism, and
competitive capitalism.

Mendes” emphasizes that these rights began to
be enshrined in national constitutions following the
advances of the American and French revolutions.
These revolutions prompted a shift towards the
non-interference of rulers in citizens’ lives, marking
these rights as universal.

According to Moraes* the first generation
represents a duty of omission, «in that rights to
freedom are fulfilled through non-interference,
respecting the individual’'s personal sphere and
restraining the actions of the Liberal State.»
Furthermore, «this generation includes individual
rights that define the sphere of protection for
individuals against State power, as well as political
rights, which express the rights to nationality and
political participation, synthesized in the right to
vote and be elected?®

By way of example, these rights include «freedom
of expression, press, assembly, association,
property, formal equality before the law, political
participation, due process of law, habeas corpus,
and the right to petition®. In summary, this is the first
dimension.

Second dimension

The second dimension of rights emerged
alongside the advancements of industrialization,
which led to significant social and economic
problems. At that time, socialist doctrine recognized
that merely guaranteeing first-dimension rights
was insufficient to ensure the effective enjoyment
of those rights. Therefore, it advocated for a more
active role from the State to ensure social justice
through committed action.?

Barroso® further argues that the second
dimension of rights is characterized by the
consolidation of the social State, which arose in
response to industrialization, struggles against
inequality, and the spread of socialism. This
dimension encompasses rights related to social
freedoms.

According to Wolkmer, these rights correspond
to «social, economic, and cultural rights» and are
based on the principles of equality, with a positive
scope. Instead of opposing the State, these rights
require the State to guarantee and provide for
the well-being of all individuals through public
authorities.

This new dimension focuses not on protecting
the individual from the State but on creating a list of
claims that can be demanded from the State, which
must act to satisfy these rights. Among the second-
dimension rights are the right to worR, protection
against unemployment, a minimum wage, limits on
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worRing hours, paid rest, and access to all levels of
education.?

Moraes and Barroso®*? classify these social
rights as belonging to the second dimension, which
requires the State to take action to ensure equality
by addressing social, economic, and cultural needs.
This aims to promote the full development of life
in all its capacities, including labor rights and the
provision of public services such as education,
health, and social security, to enhance the general
well-being of society.

In conclusion, the second generation of
fundamental rights goes beyond simply ensuring
provisions. What distinguishes this phase in the
evolution of fundamental rights is its “positive”
nature, implying that the State must assume the
duty to act in order to meet social, economic, and
cultural demands. This approach represents a
significant advancement in the pursuit of equality
and social well-being.

Third dimension

The fundamental rights of the third dimension
are composed of rights of fraternity or solidarity,
characterized by their transindividual, collective,
and diffuse nature. This means that these rights are
directed towards human beings as members of the
human species, approached collectively. As a resul,
the responsibility for realizing these rights is also
collective, not limited solely to the actions of the
State but involving all members of society to ensure
that these rights are upheld for everyone.®

Within this classification, according to WolkRmer®,
there are two doctrinal categories. The first offers a
broad interpretation of solidarity or fraternity®' and
includes rights related to development, peace, self-
determination of peoples, a healthy environment,
quality of life, communication, and more.

The second provides a specific interpretation
of transindividual rights. According to Oliveira Jr.?,
collective and diffuse rights fall into this category,
gaining increasing significance in environmental
law and consumer protection law.

In this realm, the third dimension includes the
right to peace, development, environmental quality,
and the preservation of historical and cultural
heritage’.

The third generation or dimension, still inspired
by the motto of the French Revolution, centers on
fraternity (or solidarity), encompassing rights that
are not enjoyed individually but rather by society
as a whole, directed towards the human race
collectively. These rights have a global reach and
require cooperation and collective responsibility for
their realization.

The transindividual these

nature of rights
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highlights their importance today, reflecting
progress in the development and recognition
of human rights. While first-dimension rights

emphasize freedom and second-dimension rights
highlight equality, third-dimension rights enshrine
the principle of solidarity, establishing fundamental
and enduring values within social formations.
However, as can be observed, these generations of
rights are cumulative and not mutually exclusive®.

Fourth dimension

The fourth dimension, according to Wolkmer®,
arises from “new” rights, including biotechnology,
bioethics, and the regulation of genetic engineering.
These rights are directly connected to human life
and encompass issues such as assisted human
reproduction (artificial insemination), abortion,
euthanasia,intrauterinesurgeries,organtransplants,
genetic engineering (cloning), contraception, and
more®

This dimension will be explored in greater detail
in the next section, where an in-depth analysis of
biotechnology will be conducted.

Fifth dimension

Some scholars argue that the evolution of
fundamental rights has reached a fifth generation,
although opinions diverge on this matter. The most
widely accepted classification refers to the rights of
cybernetics and peace.

According to Oliveira Jr. and WolkRmeré®?, this
dimension addresses significant challenges
arising from information technology, cyberspace,
the internet, and virtual reality in general. As
WolkRmer® emphasizes, the impact of developments
in cybernetics, computer networRs, electronic
commerce, artificial intelligence, and the rapid
dissemination of theinternethas been extraordinary,
both in the legal field and in global society at large.

Among dissenting voices, Sampaio® argues that
this classification should instead focus on the duty
of love and respect for all forms of life, advocating
for the defense against all forms of prejudice.

Since the early 2Ist century, Bonavides® has
supported the view that peace, as the opposite
of war, must necessarily be recognized as a
fundamental right and form a new dimension.

Peace, an aspiration held collectively over many
centuries, is the culmination of all the reasons upon
which human logic, under the guidance of law and
justice, bases the act of governing society. It aims
to punish terrorists, judge war criminals, imprison
torturers, uphold the foundations of the social pact,
and establish and maintain, as inviolable, the rules,
principles, and clauses of the political community?®.

With this in mind, the concepts that doctrine
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classifies as the fifth dimension are concluded, and
the analysis moves toward the latest dimension.

Sixth dimension

The recent evolution of human rights in
contemporary society has paved the way for the
expansion of legal interests subject to judicial
protection. Beyond material goods, the growing
emphasis on ethical principles and new societal
needs has brought additional concerns to the
forefront, such as animal rights.

According to Agra®, domestic animals were once
considered mere objects, subordinated to property
rights and governed by the provisions of the Civil
Code. As a result of this conception, animals have
not been recognized as holders of rights and,
therefore, lack the legal standing to appear as
parties within the legal system. Historically, they
have been treated as property, tied to one of the
parties involved in a dispute.

“To enable the legal recognition of non-human
animals, it is necessary to attribute legal personality
to them, detaching the concept of personhood from
that of human beings—separating animals from the
species Homo sapiens. In this regard, the 2002 Civil
Code tooR a significant step by replacing the word
‘man’ with ‘person’ when addressing personality
and capacity, highlighting that personhood and
being human are independent concepts®.

Thus, the discussion progresses toward a
proposed sixth dimension of human rights,
advocating for the recognition of the fundamental
right to access potable water, which has gained
prominence in international human rights law
and comparative constitutional law. This right has
become increasingly relevant due to its critical
importance for life, health,and human development.?

In this context, Agra and Sarlet®’? argue that
the evolution of human rights necessitates
the consideration of new values and interests,
encompassing the expansion of animal rights and
the possible inclusion of the right to access potable
water as a new dimension of fundamental rights.

The impacts of the biotechnology classification
as fourth dimension

According to Diniz and Burillo,*,'® biotechnology
encompasses a set of methodological techniques
that allow for the isolation of cells, animals, plants,
or microorganisms to obtain products and catalyze
chemical reactions that meet various human needs.
This science of genetic engineering also enables
the manipulation of living organisms, including
the creation of transgenic or genetically modified
organisms, with applications in the medicinal,
scientific, industrial, agricultural, and environmental
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fields. As such, biotechnology represents a
powerful tool for driving the production of goods
and services that benefit society in multiple
spheres of life. Furthermore, biotechnology, being
multidisciplinary, is linked to a wide range of fields
such as biology, microbiology, molecular biology,
genetic engineering, cellular processes, organic and
analytical chemistry, biochemistry, and biochemical
engineering (bioprocesses).®

Biotechnology innovations have had a significant
impact on the modern world, utilizing biological
systems, living organisms, and their derivatives to
manufacture or modify products and processes,
thus driving development.®

Although the origins of biotechnology date
bacR to the earliest stages of human history, its
development, as cataloged by scholars, is more
closely associated with recent history. In the 19th
century, Rey figures such as Pasteur made advances
in microbial fermentation processes. Between the
1940s and 1950s, efforts focused on antibiotic
production, particularly the work of Chain and Florey
in advancing Fleming’s discovery of penicillin. In
the 1950s, advances in biochemistry led to a better
understanding of intermediary metabolism, while
the 1960s saw significant progress in molecular
genetics. The 1970s marRed a turning point with
the discovery of restriction enzymes by Arber,
Smith, and Nathans, as well as ligases to join DNA
fragments.”

The discovery of molecular DNA recombination
sparRed a revolution in biotechnology, with
applications in various fields, generating numerous
debates about its use in transgenic animals and
plants, stem cell therapies, gene therapy, biological
drugs, and vaccines. These innovations led to
unprecedented impacts and, at the same time,
raised ethical and moral questions about human
rights.

Within this context, some scholars argue for
the emergence of a fourth generation of rights to
address challenges related to the increasingly
complex effects of biological research, which allow
for manipulation of an individual’s genetic heritage.
What are the limits of this potential (and increasingly
likRely) manipulation?®

Although there is no consensus on the subject,
Ramos® notes that even critics acknowledge that the
inexhaustibility of human rights transcends didactic
classifications, requiring a broad understanding of
these essential rights for a dignified human life.

As a result, great discussions and challenges
of the new millennium arise, confronting the limits
of science and the difficulties of legislating and
regulating biotechnology on an international level.
Sauwen?®* emphasizes that solutions to issues
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such as procreation techniques, embryo and
organ trafficRing, the production of biochemical
weapons, cloning, and other developments in
genetic engineering must find their effectiveness in
international agreements. For this reason, Mazzuoli
andBonavides®pointoutthatthisdimensionreflects
the globalization of fundamental rights, expanding
beyond borders. In addition to biotechnology, this
dimension includes participatory democracy, the
right to truthful, non-manipulated information, and
a universally dignified society.

The challenges continue to grow, as
biotechnology’s multidisciplinary nature confronts
jurists, biologists, philosophers, theologians,
psychologists, sociologists, and various humanists
and health professionals, each with differing
cultures and beliefs. This divergence makes it
difficult for society to support biotechnology and
to communicate effectively with the scientific
community and the public.

Given these challenges, both biotechnology
and bioengineering must consider scientific and
ethical issues. Maluf*? argues that the State must
legislate, regulate, and ensure the dissemination
of Rnowledge and safety standards, while also
allowing for a broad ethical interpretation that
extends beyond state competence and enters the
delicate realm of individual rights.

This chapter is critical to this study’s analysis, as
it is directly connected to the essential content and,
consequently, the effectiveness of fundamental
rights, which will be explored further in the following
sections.

The essential content of biotechnology and the
effectiveness of the fundamental right

The importance of recognizing biotechnology
as a fourth-generation right, for us, is not limited to
mere didactic classification; it involves an evolution
of human rights, which, being established in
international treaties and agreements, ensure their
applicability in domestic law. Being established in
international treaties and agreements, ensure their
applicability in domestic law. As a consequence,
this right can be considered a fundamental right
which, according to Agra,® is divided into two parts:
the first being its core essence, and the second, its
peripheral zone.

The core essence or essential content is
configured as the limit that must be respected by
the Supreme Federal Court when determining
the density of a right, which, in no way, can be
disregarded by judicial decisions, prohibiting its
emptying or transformation into an exception. This
core essence is defined as the very essence of the
right, which must be realized regardless of factual
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circumstances.®

Silva, 2 in analysis from a strictly objective
dimension, found that the essential content must
be interpreted and applied as a fundamental right
in the entirety of social life. Consequently, this right
also means prohibiting restrictions to the point of
makRing it inapplicable to all individuals or part of
them.

According to Agra® understanding, only the
peripheralzonewilldepend on factual circumstances
but with applicability aimed at the principle of
maximum effectiveness of fundamental rights.

The recognition of the fourth dimension of
fundamental rights and the necessity of including
their essential content to be protected is essential,;
otherwise, the application of balancing and
proportionality in the interpretation of the norm
will necessarily imply the possibility of restriction
to the point of compromising the evolution of
biotechnology in the country.

The current domestic legislations in our country
are insufficient to regulate the issue, as they are
limited to only a few laws,?%?>2¢ which are absolutely
insufficient to regulate the matter in our country.

Precisely because of this deficient domestic
legislation, we understand that it is imperative to
apply the international treaties and agreements that
already have advanced precedents on the subject,
justifying their applicability.

Piovesan’sdoctrine?’ arguesthat,foralarge portion
of contemporary internationalists, international law
supersedes the State and highlights its supremacy
over domestic law because it derives from a
principle that is above to the will of the States. It is
not to say that the power of the State is a delegation
of international law; but it seems indisputable that
international law constitutes a legal limit to said
power?’

In this context, it is evident that there are already
major international treaties and agreements, as
observed in Table 1.

Given the existing gap in our legal system
regarding biotechnology, it is imperative to apply
the Federal Constitution of 1988, which explicitly
enshrines, in its article 5, paragraph 2, an open
clause for the inclusion of new fundamental rights.
This provision states that the rights and guarantees
expressed in the Constitution do not exclude others
arising from the regime and principles it adopts or
from international treaties to which the Federative
Republic of Brazil is a party.®

Thus, when analyzing article 5, paragraph 2, of
the Federal Constitution of the Republic of Brazil,
it is noted that these rights are organized into
distinct groups: one is the rights expressly stated
in the Constitution (for example, the rights listed
in subsections | to LXXIX of article 5 and in other
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provisions scattered throughout the text of the
Magna Carta); another is the rights expressed in
international treaties to which Brazil is a party; and
finally, a third group is the implicit rights (those
implied in the guarantee rules, as well as those
arising from the regime and principles adopted by
the Constitution)?.

The importance of the fourth dimensions of fundamental...

of biotechnology as a right provided for in
international treaties, but also, considering the
premises of this right in our legal system, it is
possible to recognize the fourth dimension of
fundamental rights and, as a result, the essential
content of biotechnology. This comes along with
new principles already admitted internationally,
which will allow an analysis without implying

Thus, there is support not only for the recognition

restrictions on development.

Table 1 - Main international treaties related to biotechnology, biolaw and genetic engineering.

International treaty/convention

Synthesised description

Convention on Biological Diversity
(CBD)

SeeRs to conserve biological diversity, use its components in a
sustainable manner, and ensure the fair and equitable sharing of the
benefits arising from the use of genetic resources.

Cartagena’s Protocol on Biosecurity

Addresses the safety in handling, transporting, using, and transferring
genetically modified organisms (GMOs) to protect biodiversity and
human health.

Internacional Convention for the
Protection of Plants Varities

Establishes international standards for the protection of intellectual
property rights related to plant varieties developed through
biotechnology.

Plants Varieties (UPOV)

Promotes the protection of intellectual property rights of breeders
of new plant varieties, encouraging innovation in agriculture and the
development of cultivars with beneficial traits.

Convention on the elimination of all
forms of Discrimination against Wo-
men

Aims to eliminate discrimination against women, including health
and reproduction issues that may have implications in biotechnology
and biolaw.

Convention on People with Disabili-
tes

SeeRs to guarantee the rights of people with disabilities, including
access to health services and technologies that may involve genetic
engineering and other biotechnological applications.

Paris Agreement

Sets goals and actions to limit global warming to 1.5°C above pre-
industrial levels, with impacts on bioenergy technologies and genetic
engineering.

Source: produced by the authors (2023).

For the judge, instead of seeRing to analyze the
matter solely with constitutional principles, it will be
possible to interpret it with the recognition of the
essential content of biotechnology, avoiding restric-
tions on legal Rnowledge.

Therefore, the incidence of systematic and te-
leological interpretation is guaranteed with consti-
tutional principles and with the applicability of the
principle of maximum effectiveness of fundamental
rights, emphasizing the dignity of the human per-
son, based on a balance with human rights parame-
ters, analyzing constitutionality.

The recognition of the fourth generation of fun-
damental rights and the inclusion of biotechnology
as essential content, stemming from international
treaties, give new contours to the effectiveness of
fundamental rights, thus ensuring the absence of
restrictions on technological advances that may be
compromising the nation’s development.?’
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Final considerations

This article is based on the premise of the impor-
tance of classifying biotechnology as a fourth-ge-
neration right, exploring its essential content and
effectiveness as a fundamental right. Through a li-
terature review and analysis of international treaties
and agreements, the study aimed to understand the
relevance of this multidisciplinary field, which en-
compasses various areas and methodological te-
chniques for innovating processes and products to
meet the demands of contemporary society.

After examining the dimensions of fundamental
rights, the study aligns with the doctrine that ad-
vocates recognizing biotechnology as part of the
fourth dimension of fundamental rights, addressing
various societal concerns. To this end, a historical
analysis of biotechnology from the 19th to the 20th
century was conducted, highlighting significant mi-
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lestones that enabled advances in the field. The ma-
jor turning point came with the discovery of DNA
molecular recombination, one of the Rey events that
paved the way for previously unimaginable techno-
logical developments, such as transgenic organis-
ms and stem cell-based therapies.

Having reached this stage, attention is directed
to the essential content of biotechnology and its ef-
fectiveness as a fundamental right. Once its essen-
tial content is identified, this right must be respected
and implemented regardless of factual circumstan-
ces. Additionally, the importance of protecting and
regulating biotechnology was emphasized, with a
focus on the need to use international treaties as
references, given the insufficiency of domestic le-
gislation.

In light of legislative deficiencies and significant
gaps in the legal system, the relevance of the 1988
Federal Constitution is underscored as a source of
support for recognizing biotechnology as a funda-
mental right. Article 5, paragraph 2 of the Consti-
tution allows for the inclusion of new rights arising
from international treaties, thereby strengthening
the legal frameworR surrounding this complex is-
sue.

The final considerations reaffirm the importan-
ce of biotechnology as a powerful tool for societal
advancement, while emphasizing the need for a
careful approach that accounts for ethical and mo-
ral issues as well as implications for human rights.
Technological development in this field must be
accompanied by appropriate legislation and regula-
tion to ensure the safe dissemination of Rnowledge
and the responsible use of advancements.

In this context, a systematic and teleological
analysis, combined with the principle of maximum
effectiveness of fundamental rights, allows for a
coherent interpretation of the subject without un-
due restrictions from the subijectivity of judges or
legislators. Recognizing the fourth dimension of
fundamental rights and including biotechnology as
essential content is crucial to ensuring the evolu-
tion of this field while respecting human dignity and
advancing national goals of economic and social
development.

Finally, the study highlights the importance of
future research to deepen understanding of biote-
chnology, addressing its limitations and expanding
Rnowledge. Science, law, and society must worR to-
gether, drawing appropriate support from the scien-
tific community and broader society, and develo-
ping clear and transparent communication about
the challenges and possibilities of biotechnology.

In conclusion, the analysis of the implications of
classifying biotechnology as part of the fourth di-
mension and recognizing its essential content as a
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fundamental right underscores the significance of
this field in today’s world. This study contributes to
the advancement of scientific Rnowledge and ensu-
res dignified coexistence by respecting the ethical,
moral, and legal dimensions that encompass biote-
chnology in its various applications.
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