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A admirável multiplicidade de Psi

S. Lladó, paintings and scultures, for a
doctor’s consulting rooms in Barcelona.

É admirável e não deixa de ser surpreen-
dente a grande multiplicidade observada na
utilização da letra Psi e nas suas relações in-
trinsecas que, se analizadas pelo prisma da
verdadeira correlação entre significado e sig-
nificância, nos abrem as portas a um vasto
conhecimento humano que se vem acumu-
lando ao longo de séculos ou milénios. A letra
Psi constitui-se como a vigésima terceira letra
(que corresponde também à penúltima) do al-
fabeto grego. A sua origem é incerta, tendo
aparecido por volta do sétimo século anterior

à nossa era e tem geralmente associada a conotação de Psyche, ou espírito humano,
no sentido da existência de uma presença física imaterial. A sua utilização pode ser ob-
servada a dois níveis distintos: coincidência de acrónimos (1), ou significado intrínseco
(2). A psicologia (de Psyche) será um exemplo da segunda ocorrência (2) ao passo que
o índice de valores PSI-20 (Portuguese Stock Index) ou a unidade de medida PSI (pound
per square inch) serão exemplos do primeiro tipo (1). No que respeita à psicologia, não
deixa de ser interessante observar como os próprios psicólogos, e outros profissionais de
saúde nessa àrea, se referem a si próprios pelo uso da letra que também adoptam como
símbolo. Veja-se por exemplo o título do artigo de opinião de Maria Filomena Mónica,
publicado no Jornal Público a 20 de Abril de 2001: Os "psis": psiquiatras, psicanalistas
e psicólogos, no qual expõe a sua opinião sobre os cuidados a ter no recurso exagerado
a consultas-psi. De facto, é muito comum ouvir entre esses profissionais de saúde a ex-
pressão nós os psis para se referirem a eles próprios. Um psi pode assim significar um
psicólogo, um email PSI (para sua informção), ou uma libra por polegada quadrada que
é uma unidade de pressão no sistema inglês. A pressão é a grandeza física que mede
a força que se exerce por unidade de área, a psicologia é o instrumento utilizado para
medir a distância entre cada um dos indivíduos de uma comunidade em relação aos seus
valores médios, os quais são genericamente aceites por essa mesma comunidade. Um
email psi é apenas uma forma neutra e impessoal de comunicar informação, por vezes
utilizada pela dificuldade em determinar o nível apropriado de intimidade a manifestar
na abertura e no fecho do email. E no entanto, existe também a possibilidade de se sen-
tir psi. O sentir-se psi, em si, não contraria a possibilidade de uma existência material,
apenas reflete a capacidade que é atribuída ao ser humano de, em certos momentos da
sua vida, poder assumir que a sua existência não se manifesta apenas naquilo que pensa
mas também se vê naquilo que sente. O Psi é um símbolo muito utilizado também na
Matemática, na Física, na Química e na Engenharia. A título de exemplo, podemos ob-
servar que não terá sido por mero acaso que Erwin Schrödinger o tenha escolhido para
representar a sua função de onda, expressa na equação que também tem o seu nome.

i}
∂

∂t
Ψ = ĤΨ (Equação de Schrödinger)

É notável como esta equação (ver página seguinte para mais pormenores sobre ela),
apesar de não nos dizer de que é feita a matéria, e por isso não justificar a nossa ex-
istência corpórea, faz previsões correctas sobre o seu comportamento, e sobre a sua
capacidade de se sentir psi, ou seja, de poder estar aqui e ali.
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Solution to Schrödinger’s equation for the hydrogen atom at different energy levels.
The brighter areas represent a higher probability of finding an electron.

A equação de onda de Schrödinger (ver página anterior) determina a evolução da função de onda, Ψ,
ao longo do tempo. Na equação, o símbolo i representa a unidade imaginária, } a constante de Planck
dividida por 2π, e Ĥ é o operador Hamiltoniano que caracteriza a energia total de Ψ; este operador
depende do sistema a analizar e não é único. Por exemplo, no átomo de Hidrogéneo admite-se que

Ĥ = − }2

2µ
∇2 − Ze2

4πε0r

é obtido pela energia cinética radial (primeiro termo) combinada com a força de atracção de Coulomb,
entre o electrão e o protão no átomo (segundo termo). As suas soluções podem ser observadas na figura
acima para várias combinações do triplo (n, l,m) que especifica, respectivamente, os números quânti-
cos principal, de momento angular, e magnético. Obtemos assim, pelo princípio da superposição, uma
previsão para o comportamento do átomo. São as consequências da previsão desse comportamento que
são objecto de estupefacção na medida em que sugerem que a matéria nada mais é do que uma espécie
de psyche que tem a possibilidade de estar em toda a parte, por um lado, e ao mesmo tempo em parte
nenhuma, pelo menos até ao ponto em que seja feita uma observação. Tal é a veracidade da equação...
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Abstract Silk hydrogels have been highlighted in the past decade as potential matrices for tissue engineering and
regenerative medicine applications. In this mini review, the biological attributes of silk proteins, as well as methods
reported in literature to fabricate silk hydrogels will be discussed.

1 Introduction

The field of tissue engineering (TE) which aims to re-
pair, regenerate or replace damaged tissue has been ex-
tensively researched in the past decade as an alterna-
tive to organ transplantation. The general approach has
been centred on combining cells, growth factors and tis-
sue engineering matrices, with the goal of engineering
functional tissues in vitro, which can then be implanted
into the body. Hydrogels, which are highly hydrated poly-
meric network have been highlighted as potential tissue
engineering matrices, due to their structural similarity to
the native extracellular matrix [1, 2]. Several materials
ranging from synthetic to natural polymers, have been
fabricated into hydrogels, and shown to support cellular
growth and differentiation [2]. In particular, silk proteins,
which have been traditionally used in biomedical applica-
tions as sutures and drug delivery systems, have also been
translated into tissue engineering matrices in the form of
hydrogels. This review will focus on the main attributes
of silk proteins as biomaterials, as well as methods to fab-
ricate silk hydrogels for tissue engineering applications.

2 Hydrogels as tissue engineering
matrices

Hydrogels are defined as hydrophilic polymeric networks
which are capable of absorbing water ranging from ten
to a thousand times their dry weight [3]. They are struc-

turally similar to the native extracellular matrix (ECM)
in their hydrated state, which enables facilitation of nu-
trient diffusion and waste removal through the TE ma-
trix. In an ideal scenario, when cells are encapsulated
within a hydrogel, the hydrogel should be able to sup-
port cell remodelling and ECM secretion, which results in
a functional engineered tissue that can be transplanted
(Figure 1). Hydrogels can be classified based on the
forces between the crosslinked networks (physical or co-
valent), or the nature of the polymer used for fabrica-
tion (synthetic or natural) [2]. Physical hydrogels have
either molecular entanglements, ionic bonding, or hy-
drogen bonding holding the network together that can
be reversible, while covalent gels are hydrogels with co-
valently crosslinked networks that are permanent [3].
These gels can be fabricated from a range of synthetic
or natural polymers.

In general, synthetic hydrogels have less batch-
to-batch variability with good chemical and mechani-
cal stability. Current synthetic polymeric hydrogel sys-
tems reported in literature include poly(vinyl alcohol)
(PVA), poly(ethylene oxide) (PEO), poly(ethylene gly-
col) (PEG), poly(N-isoproplyacrylamide) (NIPAAm), and
poly(propylene furmarate) (PPF) [1, 2, 4-8]. However,
although the reported synthetic hydrogels have good
physico-mechanical properties, their application as scaf-
folds for TE remain limited due to the lack of biological
sequences available to facilitate cellular functions. More-
over, most of these polymers are hydrophilic and resist
cell attachment [9, 10].

Figure 1: Schematic of tissue formation in cell-laden hydrogels.
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3 SILK PROTEINS

On the other hand, hydrogels fabricated from nat-
urally derived polymers, such as chitosan, collagen,
gelatin, hyaluronic acid, fibrinogen and fibrin, are known
to have good bio-functionality to support cellular growth,
proliferation and differentiation [11-16]. However, these
natural hydrogels are generally weak with limited me-
chanical stability as TE matrices. Therefore, there exists a
need to engineer TE scaffolds that have the advantages of
both synthetic and natural polymers, with good physico-
mechanical properties and also with the ability to sup-
port cellular function. In recent years, hydrogels fabri-
cated from silk proteins have been identified as potential
candidates to meet these criteria.

3 Silk proteins

Figure 2: Biological attributes of silk fibroin and sericin
[18].

Silk is a combination of fibrous proteins synthesised in
specialised epithelial cells that line glands in silkworms,
and has been successfully used as a suture material for
centuries with great potential in biomaterial applications
[17]. Before converted to silk fibers, silk proteins are syn-
thesized by silk gland cells and stored in the lumen of the
silk glands [18]. The usage of silk fibers is advantageous
in the biomaterial aspect as it has properties that can rival
synthetic polymers but requires less harsh processing con-
ditions [18]. Silks have impressive mechanical properties,
environmental stability, biocompatibility, controlled pro-
teolytic biodegradability, morphologic flexibility and the

ability for amino acid side change modification to immo-
bilize growth factor [17].

The two major components in silk is fibroin and
sericin, where fibroin is normally coated with sericin in
the cocoons [18]. The biological attributes of these two
silk proteins are listed in Figure 2. Sericin is secreted
from the middle silk gland of a mature silkworm larva
and acts as the glue that keeps fibroin together [19, 20].
Sericin produced by the most commonly researched do-
mesticated type, Bombyx mori,(B. mori) consists of pep-
tides with 3 major fractions of 150, 250, and 400 kDa
[21]. This protein also exists in two kinds of conforma-
tion, random coils or β-sheets. [18].

On the other hand, fibroin is the major structural pro-
tein of silk which is secreted from the posterior silk gland
[19]. Vepari et al reported that B. mori fibroin fibers are
about 10-25 µm in diameter and contain a light protein
chain (L-chain) with molecular weight of approximately
26 kDa, and heavy protein chain (H-chain) of approxi-
mately 390 kDa, where both L- and H-chain are linked
by a disulphide bond [17]. Similarly to sericin, fibroin
also exists in random coils and β-sheets conformation.
By heating, stretching or immersing fibroin in a polar sol-
vent, the protein conformation undergoes transition from
random coil to β-sheet (Figure 3). This β-sheet transfor-
mation also corresponds to higher mechanical durability,
where higher amount of β-sheet formation corresponds
to higher mechanical strength [22].

Figure 3: Random coil to β-sheet transformation of silk
fibroin.
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4 Silk hydrogels: Fabrication tech-
niques and applications

For the past decades, it has been thought that the sericin
fraction of silk causes unwanted inflammatory responses
and hence has not been the major focus of biomaterial
research. Sericin, which is the glue component of the silk
cocoons are normally isolated using heat in basic con-
ditions. These isolation conditions have been shown to
cause denaturation and degradation of the protein, which
subsequently affects the mechanical properties of the re-
sultant hydrogels. In order to prevent heat denaturation
during sericin isolation, Teramoto et al. researched genet-
ically modified silkworms (Sericin-Hope) whose cocoons
contain 99% sericin. As these Sericin-Hope cocoons con-
tain almost no fibroin, the heat treatment was not re-
quired to separate the sericin from fibroin [23, 24]. How-
ever, although these hydrogels were shown to have sig-
nificantly higher elastic modulus than the conventionally
used domesticated silkworms, their mechanical proper-
ties were still not on par with fibroin hydrogels [23, 24].

Fibroin, the fibrous part of the silkworm cocoon, has
been characterised to have abundance of hydrophobic
amino acid groups such as glycine, sericin and alanine,
which are capable to form physical crosslinks without ad-
dition of any chemical crosslinkers [25]. This approach is
beneficial as concerns associated with toxicity of chem-
ical crosslinkers are eliminated. However, fibroin hydro-
gels formed by this self-assembly approach require a long
crosslinking time that can take up to days. Kim et al.
showed that silk fibroin solution (2% w/v, pH 6.4 - 6.8,
37 oC) required 30 days for complete gelation [20]. These
large hydrophobic domains of fibroin also allow its gela-
tion time to be tailored by a number of factors such as
temperature, ionic concentration, pH and salt concentra-
tion [26]. The different factors used to control fibroin
gelation are:

pH changes pH closer to fibroin isoelectric point accel-
erate gelation [27-29]

Temperature changes Fibroin solution crosslinks faster
at higher temperature. The resultant hydrogels are
also mechanically stiffer [20, 27, 30]

Freeze-thawing Porosity of fabricated fibroin hydrogels
depend on the number of freeze-thaw cycles [31-
33]

For example, Ayub et al. showed that decreasing the
pH of the fibroin solution to 3-4 successfully facilitated
gel formation within two days [34]. It was hypothe-
sised that the lower pH initiated protonation of the car-
boxyl groups, which subsequently reduce repulsion be-
tween the fibroin polymer chains and led to formation of
crosslinks [29, 35]. It has also been showed that the fi-
broin protein structures are converted from random coils
to β-sheets during the crosslinking process [34]. As the

physico-mechanical properties of the fibroin gels are di-
rectly related to the amount of β-sheets formed, many
researchers have focused on different methods to in-
duce β-sheet transition [20, 27, 36, 37]. The compres-
sive modulus of these fibroin gels fabricated using differ-
ent methods can vary from 60 kPa to 7 GPa [26]. Chem-
ical crosslinking of fibroin solution using different sol-
vents and chemicals has also been studied to fabricate
fibroin hydrogels. Although these gels are normally me-
chanically stronger and require shorter gelation time, the
chemicals or conditions used are normally quite harsh
for cells in terms of TE applications. For example, typi-
cal chemical crosslinkers include glycerol, sodium dode-
cyl sulfate and sodium N-lauroyl sarcosinate that are not
cyto-compatible to cells at high concentrations [35, 38-
40].

Fibroin hydrogels have gained huge popularity as TE
matrices in the past decade for various applications such
as bone engineering, cartilage engineering, nerve engi-
neering, immunoisolation of cells, drug delivery and in-
jectable void fillers. For example, mesenchymal stromal
cells seeded into macroporous fibroin hydrogels were
able to proliferate into osteoblasts and promote bone for-
mation [41, 42]. Similarly. Fini et al. reported that the
presence of fibroin gels in a cranial defect promoted bone
healing by increasing the rate of osteoblasts proliferation
and differentiation [43]. The rate of healing was signif-
icantly better than the FDA approved synthetic polymer,
poly(lactide-co-glycolic acid) (PLGA) [41]. Fibroin gels
have also been used to repair peripheral nerve injuries,
where conduits coated with fibroin gels and immobilised
with nerve growth factors successfully promoted nerve
regeneration of a 14 mm rat sciatic nerve injury [44].
These hydrogels have good chemical and mechanical sta-
bility in vivo post implantation, which can be used as void
fillers for surgical reconstruction and soft tissue augmen-
tation [45].

All these examples highlighted the potential of fibroin
hydrogels as tissue engineering matrices, mainly due to
its inherent biocompatibility and biofunctionality proper-
ties, as well as tailorable physico-mechanical properties.

5 Conclusion and future outlooks

In conclusion, this review has outlined the main at-
tributes of the two silk proteins, sericin and fibroin,
mainly focusing on methods to fabricate them into hy-
drogels and their applications. Although these hydrogels
have shown great potential as TE matrices, there is still
lack of data on the in vivo performance of these materials
to demonstrate that they are safe for clinical use. As the
TE field is trending towards bridging the gap between in
vitro and in vivo studies, future experiments should focus
on evaluating the in vivo degradation, functionality and
mechanical properties of the silk hydrogels, to confirm
that these gels meet the clinical requirements.
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Este trabalho resulta de uma pesquisa bibliográfica,
reflectindo desta forma a preocupação da autora sobre
um assunto que poderá afectar a Europa, no decorrer da
aprovação do tratado trasntlântico TTIP.

1 Introdução

Na iminência de aprovação do tratado transatlântico
(TTIP) entre a EU e os EUA, um acordo que visa pro-
mover o livre comércio, várias são as medidas a adotar
pelos estados membro, nomeadamente a entrada de al-
imentos transgénicos nas prateleiras dos supermercados
(1). A utilização de organismos geneticamente modifica-
dos (OGMs) sempre foi uma questão muito controversa.

Apesar de numerosos estudos científicos e garantias
da Food and Drug Administration (FDA) de que os ali-
mentos GMs são seguros e nutritivos, um número de in-
divíduos e grupos de consumidores ainda não foi conven-
cido, existindo uma forte crença na campanha de desin-
formação, e de conflitos de interesse envolvendo a in-
dústria multimilionária da biotecnologia (2, 3, 4). Con-
siderando no entanto os altos riscos financeiros envolvi-
dos, são levantadas preocupações sobre a influência que
os conflitos de interesse poderão ter na publicação arti-
gos científicos sobre o risco para a saúde ou o valor nu-
tricional dos produtos alimentares geneticamente modifi-
cados (3).Coloca-se então a seguinte questão: mas afinal
o que são OGMs? Para que servem? Quais as vantagens e
desvantagens?

OGM significa organismo geneticamente modificado.
São organismos cujo material genético foi alterado ar-
tificialmente para lhes oferecer uma nova propriedade,
como a resistência a uma doença, aos insectos, à seca ou

para aumentar a produtividade de uma colheita. A trans-
formação do genoma pode ocorrer dentro da própria es-
pécie, ou envolver genes de espécies diferentes (organ-
ismos transgénicos), conferindo propriedades que o ser
vivo anteriormente não possuía (6).

De facto, o ser humano vem manipulando animais e
cruzando plantas desde o final da idade da pedra. Este
processo chamado por Darwin de seleção artificial, ex-
plica a origem da diversidade de raças, de animais, plan-
tas, e frutas, a partir de critérios seletivos humanos, de
cruzamento seletivo de animais, plantas e outros seres
vivos, com o objetivo de selecionar características van-
tajosas que tendem a ter um efeito maior na geração
seguinte.

Existem inúmeras vantagens provenientes da utiliza-
ção de OGM, tanto ao nível da saúde como do ambiente
(6):

1. O alimento pode ser enriquecido com um compo-
nente nutricional essencial, como por exemplo, o
arroz geneticamente modificado que produz vitam-
ina A, essencial em países em vias de desenvolvi-
mento.

2. É possível obter alimentos mais baratos devido à
redução dos prejuízos, pois pode-se obter plantas
resistentes a insetos, pragas, a herbicidas, a metais
tóxicos do solo, a fungos, ao amadurecimento pre-
coce, entre outros.
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3. Existência de culturas de OGMs em ambientes
hostis, no sentido de criar novas zonas de cultivo,
evitando que se desgastem tanto outras.

No entanto, a mãe natureza dita as regras, e aquilo
que o homem manipula e pretende controlar, contrariar,
tem as suas desvantagens (6) e indiscutivelmente trará as
suas consequências:

1. Impactos irreversíveis sobre a biodiversidade (6).
As culturas geneticamente modificadas podem ter
uma vantagem competitiva alterando os ecossis-
temas.

2. O lugar em que o gene é inserido não pode ser con-
trolado completamente, o que pode causar resulta-
dos inesperados uma vez que outros genes podem
ser afetados.

3. Não se sabe até que ponto os alimentos genetica-
mente modificados (GMs) afetam a saúde humana.
A alimentação à base de OGMs é muito recente para
poder garantir que não surjam problemas no futuro,
visto que mesmo pequenas alterações podem pro-
duzir grande impacto ao longo de gerações.

4. Efeitos colaterais que não podem ser previstos.

De uma forma muito sucinta e simplista, inicialmente
existiam 3 objetivos primordiais: a) acabar com a fome,
b) tornar a agricultura mais ecológica e limpa, c) sim-
plificar o processo produtivo. De facto só se verificou o
terceiro ponto, na qual o produtor não tem de se preocu-
par com as ervas daninhas, visto as suas culturas serem
resistentes aos herbicidas (5).

O facto é que a Natureza é utilizada como um lab-
oratório, cujos efeitos a longo prazo não são possíveis
de determinar. É sobretudo esta a razão pela qual esta
a introdução de OGMs na alimentação, suscita tanta de-
sconfiança na sociedade e pela qual garantias de segu-
rança tão severas quanto possível são tão insistentemente
exigidas, nomeadamente pela UE. Como tal, ainda serão
necessários muitos estudos para avaliar o impacto que
os OGM podem vir a ter no futuro (6). Atualmente,
deparamo-nos com duas situações:

• Facto 1: Variedades de alimentos (milho, soja, algo-
dão. . . ) são geneticamente modificados para pro-
duzir uma proteína pesticida chamada toxina Bt
(do Bacillus thuringiensis) (7), com o intuito de
conferir maior resistência à planta.

• Facto 2: Os transgenes de plantações geneticamente
modificadas “ingeridos” são transferidos para a
flora intestinal, chegando mesmo a ser encontrados
no sangue, e órgãos internos (20).

Agora, juntando os dois factos acima a um terceiro:
Se o gene que cria a toxina Bt for transferido para as bac-
térias de nosso sistema digestivo, a nossa flora intestinal
pode ser transformada numa fábrica viva de pesticida. O
problema acima referido poderá ser a causa, para os in-
úmeros problemas apontados às culturas de OGMs, tanto
nos seres vivos como no ambiente.

2 Implicações nos Seres Vivos

Inúmeros estudos em animais, detetaram riscos graves de
saúde, bem como casos específicos de doença associados
ao consumo de alimentos transgénicos; essas doenças vão
desde a infertilidade, alterações nos níveis de insulina,
doenças do sangue, lesões ao nível dos intestinos, morte
fetal, tumores, e morte precoce (8-13).

No entanto, após duas décadas da comercialização de
OGMs, não foram realizados testes em seres humanos,
com seria de esperar. Num artigo publicado na revista
Nature Biotecnology, Emily Waltz (15) levanta a seguinte
questão: “serão as táticas prepotentes da indústria agrí-
cola (. . . ) que impedem a investigação pública e minam
a aceitação pública do cultivo dos transgênicos?”. No
mesmo artigo, 26 cientistas do setor público queixaram-
se à EPA (Environmental Protection Agency) de que a
indústria biotecnológica está a limitar os seus direitos
de estudar as culturas transgénicas comercializadas, afir-
mando que "Nenhuma pesquisa verdadeiramente inde-
pendente pode ser realizada legalmente, no que toca
a algumas questões críticas envolvendo estas culturas
[por causa das restrições impostas]"; a revista Scientific
American concordou (16) afirmando: “as empresas de
biotecnologia têm o poder de veto sobre o trabalho de
pesquisadores públicos”. Em 2011, a Science Direct pub-
licou um estudo (3) que documentou a existência de con-
flito de interesses na investigação sobre os riscos para
a saúde e avaliação nutricional dos produtos genetica-
mente modificados.

2.1 Toxina Bt envolvida em respostas
imunológicas (nomeadamente alérgi-
cas)

A proteína Bt, encontrada em variedades de milho, apre-
senta seções de aminoácidos idênticos a alérgenos con-
hecidos (36). Ela é usada por agricultores na forma de
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spray e por isso foi considerada inofensiva para o ser
humano, no entanto a Toxina Bt encontrada em alguns
transgénicos é mais tóxica e milhares de vezes mais con-
centrada do que na forma de spray, sendo responsabi-
lizada por inúmeras respostas imunitárias significativas
em humanos e outros seres vivos (37-43), (45-48).

Inúmeros relatos revelam coerência entre as reações e
sintomas relacionados com sprays de Bt e aqueles relata-
dos por trabalhadores de algodão na Índia (39, 40, 44)
e nas Filipinas (50, 51). De facto pastores relataram que
25% dos seus rebanhos que pastavam em plantações de
algodão Bt na índia, morreram em 5-7 dias. Cerca de 10
mil ovelhas mortas na região manifestaram reações alér-
gicas (52).

As alergias à soja dispararam para 50% em Inglaterra,
logo após a soja GM ter sido introduzida (25). Se a
soja foi a causa, pode ser devido a vários motivos: i)
Por um lado a proteína GM que torna a soja resistente
ao herbicida Roundup Ready, pode ser considerada um
alérgeno (25) se se considerar que a sequência dos seus
aminoácidos é idêntica aos alérgenos conhecidos (26).
Embora nunca tenha existido um estudo exaustivo das
biomoléculas constituintes da soja GM, foram detetadas
mudanças imprevisíveis no ADN (29), sendo possível
que estas alterações estejam implicadas no aumento dos
níveis de alergénios na soja, sobretudo quando cozinhada
(27, 28, 30). Na verdade, os sintomas identificados como
problemas de digestão, fadiga crónica, dores de cabeça,
letargia, problemas de pele, incluindo acne e eczema,
poderão estar relacionados com a exposição ao glifosato,
o ingrediente-chave no herbicida Roundup Ready (25);
ii)É também possível que o produto da decomposição
do glifosato, AMPA, que se acumula na soja GM, possa
contribuir para as alergias (33); iii) Finalmente, a re-
dução das enzimas pancreáticas verificada, responsáveis
por suprimir determinadas proteínas, podem promover
reações alérgicas (34, 35).

2.2 ADN GM está a sobreviver à digestão, e
ao ser absorvido a afetar a função celu-
lar

Estudos realizados em animais demonstraram que o ADN
ingerido pode viajar pelo corpo (23, 24) e influenciar
a função celular. Os transgenes de plantações genetica-
mente modificadas ingeridos por animais foram encon-
trados no sangue, músculo, fígado e rins (22). O único
teste publicado sobre alimentação humana com comida
transgênica verificou que o material genético inserido na

soja transgênica foi transferido para o DNA do aparelho
digestivo, nomeadamente no intestino (20).

2.3 Toxicidade e problemas reprodutivos

Existe evidência substancial de toxicidade e efeitos re-
produtivos associados com os alimentos geneticamente
modificados. A alimentação animal com soja GM, induziu
espermatozóides alterados (56), mudanças significativas
no desenvolvimento do embrião (57), morte fetal, entre
outros (10, 58).

3 Riscos no meio Ambiente

As culturas de OGMs têm levado a um crescente uso
de pesticidas. Na verdade, mais de 90% das modifi-
cações genéticas prendem-se com o aumento do uso de
herbicidas e pesticidas, resultante da resistência que as
ervas daninhas/infestantes desenvolveram. As empresas
de biotecnologia começaram a modificar geneticamente
plantas para tolerar herbicidas mais fortes, nomeada-
mente o ácido 2,4-D-diclorofenoxiacético (2,4-D), o in-
grediente chave do “agente laranja” usado durante a
guerra do Vietnam, conhecido por deixar sequelas ter-
ríveis na população daquele país e nos próprios soldados
norte-americanos (17). De facto, o impacto dos pestici-
das e a frequência com que estão a ser encontrados em
águas subterrâneas, rios, solos, ar e até mesmo na chuva,
em paralelo com as culturas geneticamente modificadas,
estão a saturar o meio ambiente, traduzindo-se em reper-
cussões e impactos diretos na saúde (18).

A indústria da biotecnologia alega que a grande maio-
ria da população dos EUA alimenta-se de alimentos
GMs, e ninguém ficou doente. No entanto a engenharia
genética, aplicada às culturas alimentares, tem revelado
que muitas premissas-chave de segurança estão erradas,
importando ter em linha de conta que nunca existiu mon-
itorização e que pode levar várias décadas até que seja
possível identificar a implicação da alimentação/suple-
mentação transgénica na saúde, tal como aconteceu nos
anos 80, onde cerca de 100 americanos morreram e en-
tre 5-10 mil ficaram doentes, devido a um suplemento
alimentar transgénico, chamado L-tryptophan (7).

De facto, sem pesquisas e testes clínicos em humanos
não podemos saber se os alimentos transgénicos são real-
mente responsáveis. Talvez um dia seja possível, de uma
forma segura e previsível alterar culturas alimentares
para o benefício da humanidade e do ambiente.
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Abstract Deciding about which coding sequences should be used is an important issue in many communication
systems, such as those employing Code Division Multiple Access (CDMA). In this paper, we propose a cascading
electronic codec based on a recursive algorithm for the generation of perfect sequences, derived from an Inverse
Discrete Fourier Transform (IDFT) of Golay codes. The sequences generated have a low Peak-to-Average Power Ratio
(PAPR), around 3 dB, which is the PAPR of a sine wave. The proposal is compared to the original Golay codes,
verifying that our codec provides better crosscorrelation and autocorrelation results, crucial to gain immunity to
multi-path interference.

1 Introduction

Many communication systems, such as those employing
Code Division Multiple Access (CDMA), require appropri-
ate coding sequences, which should have a perfect peri-
odic autocorrelation and excellent crosscorrelation prop-
erties for synchronization or code detection in noisy en-
vironments. Some well-known orthogonal codes used for
CDMA are Golay codes [1], Frank and Chu perfect se-
quences [2], and Gold codes [3] [4].

It is well-known that perfect sequences are com-
plex sequences, having all out-of-phase periodic auto-
correlation values equal to zero. Unfortunately, perfect
bipolar sequences of length greater than 4 and perfect
quadri-phase sequences of length greater than 16 are un-
known [5].

In this paper, we propose an encoder of perfect se-
quences of length 2N , with N ∈ N, which are derived
from an Inverse Discrete Fourier Transform (IDFT) of Go-

lay codes. The codes obtained are complementary perfect
sequences [6] with a low Peak-to-Average Power Ratio
(PAPR). Because of their correlation properties they are
immune to Multi-Path Interferences (MPI) [6]. These se-
quences are called Orthogonal Perfect DFT Golay (OPDG)
codes [7].

2 OPDG generator

Figure 1 illustrates a simplified OPDG encoder, based on
a discrete constant input signal A, generating two OPDG
codes aN and bN . Those codes are then converted to ana-
log signals by the Digital-to-Analog Converter (DAC) and
sent through the physical transmission medium, which
will contaminate them with noise. The new codes are re-
ceived and converted to digital by the Analog-to-Digital
Converter (ADC). Finally, the OPDG decoder recovers the
original input signal A.

Transm.

encoder

Figure 1: Generic OPDG application diagram.

The OPDG encoder (Figure 2, see next page) gener-
ates a pair of perfect orthogonal sequences, aN [t] and
bN [t], of size L = 2N . According to Figure 2, the encoder

is composed ofN cascading basic modules, each one with
an adder, a subtractor, and a multiplier. Thus, given two
complex input vectors an−1[t] and bn−1[t] n ∈ 1, . . . , N ,
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3 COMPARISONS WITH OTHER APPROACHES

the basic module generates two new values an[t] and bn[t]
given by:

an[t] = an−1[t] + q ·W−t·2
n−1

L · bn−1[t] (1)

and
bn[t] = an−1[t]− q ·W−t·2

n−1

L · bn−1[t], (2)

where q = ±1, t is the temporal displacement of the
sequences, and with initial conditions a0[t] = A and
b0[t] = A, where A is a constant sequence of L discrete
values, all of them assuming values 1 or -1. Let WL be
the twiddle factor

WL = exp

(
−j · 2π

L

)
, (3)

where j is
√
−1.

An important parameter of a signal in wireless com-
munication systems is the Peak-to-Average Power Ratio.
As it is well-known, this ratio affects the power amplifiers
efficiency and cost. The PAPR is defined as the peak sig-
nal amplitude squared divided by the root mean square
of the signal squared. It can be calculated (in dB) with

PAPR = 10 · log10

(
|x|peak2

xrms2

)
, (4)

where x is the complex modulus of the OPDG code. Ap-
plying (4) to aN and bN gives results very similar to the
sine wave PAPR: ≈ 3.01 dB. We have calculated the PAPR
for OPDG sequences for N ∈ 3, . . . , 20 and the result
remains stable around 3 dB. The only exception is with
N = 4, where the PAPR is even lower (2.3 dB).

The OPDG decoder (Figure 3) implements an autocor-
relation function. If the input sequences are correct, i.e.
a′N [t] = aN [t] and b′N [t] = bN [t], the decoder generates
two outputs: an autocorrelation function proportional to
the Dirac impulse δ(t), and a constant function propor-
tional to the input signal A of the encoder. Otherwise, a
null crosscorrelation function is obtained. The OPDG de-
coder is also composed of N basic modules. In each mod-
ule, given two input vectors, a′n[t] and b′n[t], the module
calculates two new values a′n−1[t] and b′n−1[t], as follows

a′n−1[t] = q ·W−t·2
n−1

L · (a′n[t] + b′n[t]) (5)

and
b′n−1[t] = a′n[t]− b′n[t]. (6)

The last block of Figure 3 implements the real part of
a Fast Fourier Transform (FFT), providing a Dirac impulse
of amplitude A[q]N22N+1 with a shift of 2N − 1.

Figure 2: OPDG encoder.

Figure 3: OPDG decoder.

3 Comparisons with other ap-
proaches

In this section, we compare our proposal to the well-
known Golay codes. We generated a pair of bipolar se-
quences of length 2N , where N equals 5, with the aim
of analysing the behavior of the codes. We consider both

autocorrelation and crosscorrelation functions.

Figure 4 (see following page) shows periodic autocor-
relation functions for OPDG 1 and 2 [7], Golay 1 and
2 [1]. As shown, the OPDG codes provide a perfect pe-
riodic autocorrelation, while Golay codes have out-of-
phase peaks. Since each OPDG code is complex valued,
it can be split into real part Re(OPDG1) and imaginary
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3 COMPARISONS WITH OTHER APPROACHES

part Im(OPDG2). These two sequences are complemen-
tary orthogonal sequences. The crosscorrelation proper-
ties of the generated codes are illustrated in Figure 5.
As this plot shows, the crosscorrelation of Re(OPDG1)

with Im(OPDG1), as well as the crosscorrelation of
Re(OPDG2) with Im(OPDG2), is always zero, regard-
less of the phase and for any length (N). This does not
happen with the crosscorrelation of Golay codes.
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Figure 4: Periodic autocorrelation amplitude vs. code index t, for length 25.
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Figure 5: Periodic crosscorrelation amplitude vs. code index t, for length 25.

Scripta-Ingenia (5), Winter Solstice, December 21, 2015. (ISSN: 2183-6000)
m http://cdrsp.ipleiria.pt T (351) 244-569441 B scripta.ingenia@ipleiria.pt Page 15

http://cdrsp.ipleiria.pt
mailto:scripta.ingenia@ipleiria.pt


REFERENCES

4 Conclusions

This letter proposes a novel codec that generates per-
fect sequences, which are based on Golay codes, through
an IDFT. These sequences are compared with the origi-
nal Golay codes, by checking through both crosscorrela-
tion and autocorrelation functions. These new perfect se-
quences, with an autocorrelation proportional to a Dirac
pulse, are theoretically immune to multi-path interfer-
ence. Their real and imaginary parts are also orthogo-
nal, with a constant zero crosscorrelation value between
them. These properties indicate a better behavior of the
OPDG codes, when compared with the original Golay
codes.
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Fabrication of biocompatible hydrogels from pine resin
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Abstract This short review aims to look at some of the applications based on potential pine associated resin (rosin)
composites for cell culture studies via hydrogel fabrication. Although hitherto there are only a few links to pine resin
based hydrogel formation in the public domain, literature work based rosin incorporated drug delivery studies and
its associated uses can be useful for extensive works on the cell interaction and viability. Rosin in such case may be
optimised to afford similar characteristics hence applications.

1 Introduction

Pine resins are exudates ranging from the volatile ter-
penes to non-volatile material known as rosin (Figure
1). They are isolated by tapping the tree, approximately
contains 70% rosin, 15% turpentine 15% debris and wa-
ter [1]. At room temperature it is brittle and softens at
higher temperatures. It is used in paper sizing, printing
inks, surface coatings, adhesives and rubber additives to-
gether with some more advanced applications in biomed-
ical and construction industry [2].

Figure 1: Blocks of rosin

2 Hydrogel fabrication from nature

The usual composition of hydrogels could be up to 99%
water and as a result are similar to human tissues [3].
By tuning their shape, physical properties, chemical com-
position and infusing them with cells, biomedical engi-
neers have successfully used hydrogels as three– dimen-

sional molecular scaffolds that can be filled with cells,
molecules for bodily injection or application in order to
release drugs and stimulate tissue regeneration. Alginate
hydrogels [4] have been studied as it is a biocompati-
ble polysaccharide obtained from natural brown seaweed
and its degradation kinetics can be tuned to suit drug
molecules encapsulated in the gel hence delivery.

One of the most useful and naturally biocompati-
ble polymers is cellulose and the research works related
to them are encouraging. Peng et al [5] have reported
on developing novel cellulose based hydrogels to over-
come weak mechanical strength, poor biocompatibility
and lack of antimicrobial activity which may induce skin
allergy of the body in commercial diapers with a sim-
ple chemical cross-linking of quaternized cellulose (QC)
and native cellulose in sodium hydroxide and urea aque-
ous solution. The prepared hydrogel was shown super-
absorbent property, high mechanical strength, good bio-
compatibility and excellent antimicrobial efficacy against
Saccharomyces cerevisiae (Figure 2). The resulting data
encouraged the use of these hydrogels for hygienic appli-
cation such as disposable diapers.

Figure 2: Saccromyces cerevisiae (unicellular fungi)
Image credit:

http://www.scientistlive.com/content/19429.

Kobayashi [6] describes the use of cellulose originat-
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2 HYDROGEL FABRICATION FROM NATURE

ing from bagasse wastes (Figure 3) from the food indus-
try to fabricate hydrogel films with flexible and bioactive
properties for tissue engineering.

Figure 3: Pile of baggase waste
Image credit:

http://www.endswasteandbioenergy.com/article/
1290438/cuba-unveils-plan- 765mw-biomass-power

A natural plant polymer was regenerated from Agave
tequilana Weber bagasse from Corralejo Penjamo, Gua-
najuato, Mexico. It was subsequently converted to ligno-
cellulose. A phase inversion process with a new prepara-
tion technique was followed for cellulose hydrogel films.
The hydrogel film preparation and characteristics were
demonstrated from perspectives of bioactive applications
with cytotoxicity of fibroblast cell cultivation on a scaf-
fold film. Experimental evidence was established show-
ing the resultant hydrogel films have exclusive properties
displaying good mechanical and viscoelastic films even
in their water-swollen condition. Hydrogel behaviours in
cellulose structure and characteristics were clarified us-
ing several analytical methods for cell growth on the scaf-
fold which was prepared to show different cellulose mor-
phologies. Different effects of cellulose fibre nanostruc-
tures of the hydrogel films were described for their cyto-
toxicity for tissue engineering applications.

A new series of in situ forming antibacterial con-
ductive degradable hydrogels using quaternized chitosan
(QCS) grafted polyaniline (Figure 4) with oxidized dex-
tran as cross- linker has been reported [7].

Figure 4: Chemical structure of polyaniline

The chemical structures, morphologies, electrochem-
ical property, conductivity, swelling ratio, rheological
property, in vitro biodegradation and gelation time of hy-
drogels were characterized. Injecting ability was verified
by in vivo subcutaneous injection on a Sprague Dawley

[8] rat. The antibacterial activity of the hydrogels was
initially evaluated employing antibacterial assay using
Escherichia coli and Staphylococcus aureus in vitro (Fig-
ure 5). The hydrogels containing polyaniline showed en-
hanced antibacterial activity compared to QCS hydrogel,
especially for hydrogels with 3 wt% polyaniline showing
95 kill% and 90 kill% for E. coli and S. aureus, respec-
tively. Compared with QCS hydrogel, the hydrogels with
3 wt% polyaniline still showed enhanced antibacterial ac-
tivity for E.coli in vivo. The adipose-derived mesenchymal
stem cells (ADMSCs) have been used to evaluate the cyto-
toxicity of the hydrogels, and hydrogels with polyaniline
showed better cell compatibility than QCS hydrogel. The
electroactive hydrogels could significantly enhance the
proliferation of C2C12 myoblasts compared to QCS hy-
drogel. This work opens the way to fabricate in situ form-
ing antibacterial and electroactive degradable hydrogels
as a new class of bioactive scaffolds for tissue regenera-
tion applications.

(a)

(b)
Figure 5: (a) Escherichia coli and (b) Staphylococcus

aureus
Image credit (a):

http://www.nature-education.org/water-testing.html
Image credit (b):

This scanning electron micrograph shows the
methicillin-resistant Staphylococcus aureus.

http://www.sci-news.com/medicine/science- antibiotics-
methicillin-resistant-staphylococcus-aureus-01548.html

Franco et al [9] have described the anomalous
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3 ROSIN IN BIOLOGICAL APPLICATIONS

swelling behaviour of a scleroglucan (a water soluble
nature-derived polysaccharide produced by fermenta-
tion of the filamentous fungus Sclerotium rolfsii) in bo-
rax hydrogel by different physico-chemical approaches
and means of molecular dynamics simulations. The role
of polymer combinations forming interpenetrated struc-
tures was explained in terms of specific properties which
significantly differ from those of the constituent polymers
thus allowing appropriate tailoring of the delivery rates.
Finally the wide possibilities of applications of nano-gel
structures which allow combination therapies for cancer
treatment and the suitability for intracellular targeting
have also been reported. The studies on polysaccharide
hydrogels are still in progress and emphasize future re-
searches to be more stimulated.

It is also noteworthy mentioning that natural bioma-
terials such as gelatine (derived either from animals or
plants e.g. pectin or pectic polysaccharides) are directly
involved in cell culture studies due to their biocompati-
bility. The chemical functionalities present in gelatin [10]
(e.g. carboxylic acid, thiol, hydroxyl) allow for poten-
tial covalent modification of the gelatine methacrylated
(GelMA) with growth factors or cytokines to further pro-
mote cell viability and function. Therefore, GelMA could
potentially be tailored to different cell or tissue types or
growth factor and drug delivery applications based on the
specific type of gelatin precursor.

3 Rosin in biological applications

Along with the other naturally occurring materials previ-
ously discussed rosin has been studied as an application
for drug delivery [11] obtained from Pinus palustris [12]
(Figure 6), the long leaf pine. It has potential as phar-
maceutical excipients [13], that is natural or synthetic
substance formulated alongside the active ingredient of
a medication in terms of biodegradability, ease of avail-
ability, matrix forming coating, microencapsulating and
binding. The studies further reveal it had been found as
an anti-inflammatory and antitumor activity. A semisolid
preparation such as skin cream shows good homogene-
ity and spreading ability. Moreover consists of promi-
nent properties for the sustained release drug system with
most of the drug and dosage form.

Further study on rosin has been used to prepare
spherical microcapsules by a method based on phase sep-
aration via solvent evaporation [14]. Rosin based poly-
mer has been used as film coating materials; coated
pellets were prepared using diclofenac sodium [15]
as a model drug and sustained release of the drug
was probed [16]. Rosin polymer has been used as the
transdermal drug delivery system. Its combination with
polyvinyl pyrrolidone and dibutyl phthalate (30% w/w)
produces smooth film with improved elongation and ten-
sile strength.

Figure 6: Longleaf pine (Pinus palustris) forest

Rosin has appropriate hydrophobic properties that
can be utilized as matrix forming agent of water soluble
drug such as dilitiazem hydrochloride [17] to prolong the
release. The drug release followed first order kinetics and
the Higuchi model, thus indicates that there was no ero-
sion of the matrix and the tablet maintained its shape and
surface area [18].

Moreover, rosin esters are reported to have good film
forming properties and can be used for enteric coat-
ing and delayed release of drugs. Rosin and rosin-based
polymers have drug delivery applications achieving sus-
tained/controlled release profiles [19-20]. This further
exemplifies the role of rosin as a barrier to migrate
molecules in the medium.

Derivatives of rosin polymers (RD-1 and RD-2)
had been synthesized in the laboratory and evalu-
ated for physicochemical properties [21], polydispersity
(Mw/Mn), molecular weight (Mw), and glass transi-
tion temperature (Tg). The derivatives of rosin have fur-
ther been evaluated for pharmaceutical film coating by
characterizing the release of a model drug (diclofenac
sodium) from pellets coated with the derivatives. The
studies have revealed that pellet film coating could be
achieved without agglomeration of the pellets within a
reasonable operation time and drug release was sus-
tained up to 10 hours with the two rosin derivatives.
These results have suggested the application of rosin
derivatives (RD-1 and RD-2) for film coating.

In vitro tests related to rosin have been studied [22]
to determine its biochemical and physical compatibilities.
Free films of rosin (2 cm× 1 cm× 0.4 mm, 120 mg) were
subjected to in vitro degradation by placing them in 10.0
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mL of 0.2M phosphate buffered saline (PBS) (pH 7.4, 37
oC) and maintained on a rotating container [23]. The PBS
was changed every 8 hours for the first day, every day for
the first week and weekly thereafter to keep the pH rela-
tively constant. 15 Films were withdrawn at intervals of
30, 60, and 90 days, washed with distilled water, dried
and subjected to analysis. The films have been subcuta-
neously implanted on the backs of male Wistar [24] rats
(200-300g) to monitor the in vivo degradation. Anaesthe-
sia was induced by intraperitoneal injection of a mixture
of ketamine HCl (85 mg/kg bodyweight) and xylazine
(12 mg/kg body weight). Tetracycline, 10 mg/kg dose,
was given at the time of surgery. An incision (2.5 cm)
was inflicted laterally about the mid-portion of the back.
Subcutaneous pockets were formed around each incision,
free film was inserted, and the wounds have been sealed
by intermittent nylon stitches at 0.5 cm apart. Films were
explanted at 30, 60, and 90 days for analysis [25-26]. In
these studies the authors have broadly justify the biocom-
patibility of rosin as a material for exclusive use in living
organism.

Satturwar et al [27] have studied rosin, for its degrad-
ability and compatibility in and with the physiological en-
vironment with the aforementioned methodologies and
revealed rosin has shown faster degradation in vivo as
compared with in vitro studies. Subsequent placement in
PBS, the rosin films showed MW loss of 14.7%, with the
films being recovered at the end of 90 days. After in vivo
implantation in rats, the free films showed MW loss of
60% at around day 75 and complete loss at the end of 90
days. Bulk degradation is evident both in vitro and in vivo.
Although rosin degrades over a period of 2 to 3 months,
it provides good compatibility compared with Poly (DL-
lactic-co-glycolic acid) (PLGA) to the extent investigated
in the paper. This finding presumably will lead to new
applications of rosin in the field of drug delivery.

Nande et al have discussed the derivatives of rosin
synthesized by a reaction with polyethylene glycol 200
and maleic anhydride proved suitable for sustaining drug
release from matrix tablets and pellets [28]. Furthermore
polymerised rosin films containing hydrophobic plasticis-
ers showed excellent potential as coating materials for
the preparation of sustained release dosage forms have
been reported [29].

In a slightly different approach to what we have dis-
cussed so far, Kaith et al [30] have recently reported on
reducing the gum rosin [31] from its rosin acid to al-
cohol form via a typical reducing agent, sodium boro-
hydride and cross-linked subsequently with the addition
of an acrylamide to afford its co-polymer as gum rosin-
acrylamide (GrA-cl-poly(AAm) hydrogel, an application
for removal of malachite green dye from waste water.
This reaction resembles to the reaction of gelatine with
acrylic anhydride followed by the cross-linking to afford
gelatine methacrylamide (GelMA), a hydrogel which is
widely used in cell culture studies as mentioned before.
The paper has further explained the versatility of rosin in

terms of modifying the structure to adopt a useful route
in creating a hydrogel. Most importantly it also suggests
the rosin acids collectively have no influence on reduc-
tion preferences to its alcohol form enabling to fabricate
hydrogels as the final product.

4 Conclusion

In this short review we have looked into the ways of in-
corporating rosin as a useful precursor for potential bi-
ological studies similar to many other natural materials
and its advancement. Number of researches carried out
on rosin as a precursor for drug transport in biomedical
applications and has been shown as a useful insulator for
prolong released drugs in vivo with no influence in the
overall interaction per se. Furthermore, it has also been
studied for structural modifications especially in the hy-
drogel fabrications, where the rosin had undergone typ-
ical reduction reaction followed by polymerisation to af-
ford the co-polymer. These studies have also proved that
rosin withstands to structural modifications with its func-
tional groups acting as the site of interest without the
distortion of its overall fused ring system. These develop-
ments have encouraged for potential hydrogel fabrication
for cell studies in vitro and in vivo.
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On the structure of a triangulation

by NELSON MARTINS-FERREIRA

Centre for Rapid and Sustainable Product Development
Polytechnic Institute of Leiria
martins.ferreira@ipleiria.pt

Abstract We characterize the notion of a triangulation, in which every vertex has a star-neighbourhood, in terms
of an internal categorical structure. This structure is important since it allows to have more efficient and robust
algorithms that can be used in additive manufacturing.

0.1 Introduction

The structure of a triangulation generalizes the one of
a directed graph. If C is a category then an internal di-
rected graph in C consists of a pair of objects (the object
of vertices and the object of edges) together with two
parallel morphisms between them, called the domain and
codomain morphisms. A triangulation, in our sense, con-
sists of two objects and three parallel morphisms between
them, as displayed

T
a //
b //
c

// V, (1)

with an element t ∈ T , say in the category of sets and
maps, being interpreted as a triangle in the following
manner

c(t)

��

t b(t).

aa

a(t)

66

In practice we are concerned with triangulated sur-
faces. Suppose we are given a triangulation

T
a //
b //
c

// R3, (2)

in the category Sub64, whose objects are all sets and the
morphisms are those maps whose domain is either infi-
nite (in which case they are required to be bijections) or
else have a cardinality not greater than 264. This partic-
ular category can be used as a model for computational
systems such as Matlab or Julia.

0.2 The problem

The following problem arises in the area of additive man-
ufacturing [1] which is concerned with the production of
3-D real world objects using the so-called layer by layer
fabrication.

How can we distinguish the triangulations (2) which
are enclosing a physical real object in the 3-D euclidean
space from the ones who don’t?

The answer is fairly simple and well-known: each ver-
tex v ∈ V should admit a star-neighbourhood. Or, in
other words, the set of all triangles in T , that are inci-
dent with the vertex v ∈ V , admits a cyclic order that is
compatible with the adjacency of the edges, as illustrated.

·

����

·

��

oo

· //

��

v //

??__

oo

�� ��

t0=tn
t1

t2 ··· tn−2

tn−1

·oo

^^

·

??

// ·

__ @@

(3)

This well-known characterization, however, has some
draw-backs with respect to computational implementa-
tions and algorithms that operate on it [1]. Hence the
need for finding an alternative solution to this problem.
We have thus found an alternative which is equivalent
and more appropriate to our needs.

First we replace R3 with the Cayley algebra of quater-
nions H, see e.g. [3], this is only a technical issue and
in practice even the algebra of octonions is of great use
since it allows to take into account other physical proper-
ties such as color, type of material, density, etc.

Secondly, instead of triangulations of the form

T
a //
b //
c

// H (4)

in Sub64, we consider the structures of the form

Aθ,ϕ 88
g // H (5)

such that

θ3 = 1A (6)

θ2 = ϕθϕ (7)

gϕ = g (8)

and we can show that the star-neighbourhood property
displayed in (3) is equivalent to the requirement that ϕ is
an isomorphism.
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0.3 The solution

We are now going to give a quick explanation on how to
transform (4) into (5) and vice-versa.

Having a structure such as (4) with the star-
neighbourhood property for each of its vertices, in order
to obtain a structure such as (5), we define:

A = T × {0, 1, 2}
θ(t, i) = (t, i+ 1 mod 3)

g(t, i) =

a(t) if i = 0
b(t) if i = 1
c(t) if i = 2

and
ϕ(t, i) = (ti, j(t, i))

with ti, i = 0, 1, 2 as illustrated

·
t0

��
a

t1

//

����

c

t2

__

��

oo

· // b //

@@__
t

·

^^

and j(t, i) given by

j(t, 0) =

0 if a(t0) = a(t)
1 if b(t0) = a(t)
2 if c(t0) = a(t)

j(t, 1) =

0 if a(t1) = b(t)
1 if b(t1) = b(t)
2 if c(t1) = b(t)

j(t, 2) =

0 if a(t2) = c(t)
1 if b(t2) = c(t)
2 if c(t2) = c(t)

Clearly, each vertex has a star-neighbourhood, if and only
if ϕ is a bijection. Note that we are working on the cat-
egory Sub64, which in particular has the property that
every regular epimorphism is a split epimorphism. Also
note that, in order to construct ϕ it is sufficient that each
triangle in (4) to have three adjacent triangles, one for
each edge, which is a weaker condition that the star-
neighbourhood property.

Conversely, if having a structure such as (5) with its
three conditions, then we define a triangulation as fol-
lows. The triangles are obtained by identifying the orbits
of θ, via the coequalizer p = coeq(1A, θ) : A→ T (note
that this particular coequalizer exists in Subd64, even
though its kernel relation may fail to exist); by identi-
fying the orbits of ϕ, say with q = coeq(1A, ϕ) : A→ V ,
we obtain unique labels for the vertices in the triangula-
tion. The complete structure, with a = qs, b = qθs and
c = qθ2s (where s is any section for p) is displayed as

T

a //
v //
c

// V
m // H

with m the unique map such that g = mq.

0.4 Conclusion

The structure (A, θ, ϕ, g), with conditions (6)–(8) and
the extra requirement that varphi is an isomorphism,
when internal to the category Sub64, is equivalent to
the structure of a triangulation (T, V, a, b, c) satisfying the
star-neighbourhood property. The advantage of this new
structure is that it allows the development and implemen-
tation of several new algorithms and other geometrical
constructions in a more robust and efficient way. An im-
portant example is the slicing algorithm which decom-
poses the triangulation into several disjoint contour levels
and permits it fabrication with a layer by layer technique.

As a final remark we observe that a somewhat dif-
ferent but related problem is the one of characterizing
those triangulations (1) that can appear as the multi-
plicative structure of an internal groupoid, see [5] for
more details: a triangulation such as (T, V, a, b, c) dis-
played in (1) is the multiplicative structure of an internal
groupoid if and only if the two directed graphs (T, V, a, b)
and (T, V, b, c) centralize each other and moreover the
pushout of the span (a, c) is a pullback square.

This work was presented in the conference [6]

References

[1] M. B. Gaspar and N. Martins-Ferreira, Robust STL
processing for extrusion-based manufacturing, Inno-
vative Developments in Virtual and Physical Proto-
typing, 2012 , 273–278.

[2] N. Alves, P. Bártolo, N. Martins-Ferreira, M. B. Gas-
par and A. Mateus, BioFab toolbox – Software tools
for biofabrication, High Value Manufacturing: Ad-
vanced Research in Virtual and Rapid Prototyping,
2013, 483–487.

[3] Ian R. Porteous, Topological Geometry, Van Nostrand
Reinhold and Company, 1969.

[4] Miguel Belbut Gaspar and Nelson Martins-Ferreira.
A procedure for computing the symmetric differ-
ence of regions defined by polygonal curves. J. Sym-
bolic Comput., 61/62:53–65, 2014.

[5] N. Martins-Ferreira, On the multiplicative structure
of internal groupoids, in preparation.

[6] N. Martins-Ferreira " On the multiplicative struc-
ture of internal categories and internal groupoids
(Poster)", CatAlg2015, 3rd Workshop on Categori-
cal Algebra: Recent developments and future per-
spectives, Gargnano, 26-30Apr2015, Italy

Scripta-Ingenia (5), Winter Solstice, December 21, 2015. (ISSN: 2183-6000)
m http://cdrsp.ipleiria.pt T (351) 244-569441 B scripta.ingenia@ipleiria.pt Page 23

http://cdrsp.ipleiria.pt
mailto:scripta.ingenia@ipleiria.pt

	Introduction
	Hydrogels as tissue engineering matrices
	Silk proteins
	Silk hydrogels: Fabrication techniques and applications
	Conclusion and future outlooks
	Introdução
	Implicações nos Seres Vivos
	Toxina Bt envolvida em respostas imunológicas (nomeadamente alérgicas)
	ADN GM está a sobreviver à digestão, e ao ser absorvido a afetar a função celular
	Toxicidade e problemas reprodutivos 

	Riscos no meio Ambiente

	Introduction

	OPDG generator
	Comparisons with other approaches
	Conclusions
	Introduction
	Hydrogel fabrication from nature 
	 Rosin in biological applications
	Conclusion
	Introduction
	The problem
	The solution
	Conclusion





