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Chapter 19
Innovation and Knowledge of Prospective
Studies on the Genus Baccharis

Mariana Bonifacio Amancio, Yumi Oki, G. Wilson Fernandes, Carla Rago,
Aristoteles Goes-Neto, and Vasco Ariston de Carvalho Azevedo

Abstract Baccharis species are well known for their secondary metabolites used in
the treatment of several diseases and for having great potential of use in various
industries. In order to identify the current status of innovation in which species of
this genus are found, an assessment on scientific and technological productions was
carried out, as well as on the collaboration of those involved in the generation of
scientific knowledge and/or in the production of products and processes. This analy-
sis aimed to measure the contributions of science and technology to society. As of
December 2019, about 991 articles and 223 patents on the genus Baccharis were
registered. Brazil, which harbors a great diversity of species of this genus (178 spe-
cies), stands out in the number of published scientific articles (45.22%). Moreover,
the United States with 21 native Baccharis species excels as the country with the
highest number of patents for products and processes of this genus (48.02%).
Nonetheless, it is worth mentioning that the majority of patents are not for Baccharis
species from this country. When analyzing the species found in patents and scien-
tific articles, the presence of 21 species of common interest was observed, mostly
associated with the biological activity of their secondary metabolites. Baccharis
patents are focused on the production of drugs for various medicinal applications.
Although some scientific articles also deal with this topic, the authors focus on the
chemical analysis of different species of Baccharis. Among the 401 inventors and
100 authors, only four turned out to be both patent filers and authors of scientific
articles. These findings indicate a great difference between the production of arti-
cles and patents on Baccharis, which consequently, may represent a loss in eco-
nomic development and performance, and international competitiveness.
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1 Introduction

Over the last few years, the interest in science-technology relations has increased
due to the relevance of knowledge and innovation for economic development and
social benefits (Looy et al. 2006). It is an approach worth highlighting, especially in
periods of economic recession and questioning of public expenses (Meyer 2000).
Works such as those by Narin (1995) and Narin et al. (1997), in which analyses of
patents and research activities (articles) were performed, underlined an increasing
relationship between science and technology, especially in high-tech areas in the
United States. Although technological production is associated with knowledge,
this relationship is not always direct and clear. It can vary with the degree of science,
and social interest and economic applicability.

Baccharis is one of the genera that aggregates a diversity of economic applica-
tions, and, among them, the control of soil erosion (Martinez et al. 2015; Vessella
et al. 2015; Woolsey et al. 2018), ornamental use (Tognon and Cuquel 2016), food
supplement (Navares et al. 2010), raw material for the development of cosmetics
and pharmaceutical products (Sousa et al. 2011; Mejia-Giraldo et al. 2016;
Casagrande et al. 2018), source of raw material for bees in propolis production
(Souza et al. 2019), and products of botanical origin. Such prominence in the area
of natural products is due to its diverse pharmacological properties in the treatment
of several diseases such as ulcers, gastrointestinal diseases, diabetes, cancer, inflam-
mations, and bacterial-fungal infections (e.g., Corréa 1984; Carneiro and Fernandes
1996; Claudino 2013; Silva et al. 2019). These uses have favored studies on the
propagation of some species of Baccharis. Furthermore, all of these attributions
provided by Baccharis fall within the paradigm of bioeconomics, which describes
the way in which a set of economic activities obtains latent value from biological
processes and renewable bioresources to develop and promote better health, growth,
and sustainability conditions (Vivien et al. 2019).

Baccharis’ scientific knowledge and potential for innovation are high. In this
research, we verify the existence of more than 900 published articles and 200 patent
applications, as we shall see below. On the other hand, tropical countries such as
Brazil, which exhibit a great diversity of species of this genus, do not always present
a parallel relationship with scientific production nor are associated with the genera-
tion of patents. The challenges of many of these countries involve the ease and suc-
cess of filing patents (Franga and Vasconcelos 2018) since the current relationship
between science and technology may also help to better diagnose problems and to
propose solutions that favor economic development.
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2 Scope and the Database

Currently, prospective studies have shown to be a way of stimulus for organizations
of innovation systems as it contemplates the interaction between science and tech-
nology. The publication of research results is seen as a direct representation of sci-
ence itself in the form of scientific articles while technology is portrayed through
the application of knowledge obtained from the creation of processes and products,
represented by patents (Meyer and Batthacharya 2004). Thus, in order to seek com-
prehension of Baccharis’ science-technology interaction, this chapter sought to
analyze the profile of registered patents and articles on this genus available on vir-
tual databases over the last six decades (1940-2019). To this end, the chapter was
divided into five sections. The first section approaches an analysis of the profile of
patents and articles on species of the genus Baccharis. In this section, we present
the chronology, species of interest, and the origin of patents and articles. The second
section addresses the processes, products, and international classification of patents
that involves the genus. The third section discusses areas of interest and applications
of patents and articles. The fourth section deals with the network of authors and
inventors involved in patents and articles. Finally, the last section presents remarks
on science-technology relations developed with Baccharis and their contributions to
society.

The database used for patents was Google Patents, United States Patent and
Trademark Office (USPTO), Espacenet (developed by the European Patent Office
(EPO) together with member states of the European Patent Organization), Instituto
Nacional da Propriedade Industrial (INPI), DISCUS, and World Intellectual
Property Organization (WIPO). The data searches used for scientific productions
was Web of Science.

3 Profile of Patents and Articles of the Genus Baccharis

Chronology of Publications and Patent Filings of Species
of the Genus Baccharis

The first patent on Baccharis registered in the main available patent basis was in
1942. This first order was placed by the private company American District
Telegraph Company and entitled “Radiant energy receiving system” (Lindsay and
Pearson 1942). The purpose of this patent application was to create an antitheft
system equipped with a sensor coupled to the alarm, and the main differential was
the high capacity for protection regardless of weather conditions. One of the materi-
als of interest described in this document is the fiber of Baccharis sp. (with no spe-
cies identification), which is presented as one of the materials used in the sensor
assembly once this fiber has a high adsorption capacity. Although the first patent
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Fig. 19.1 Number of patent filings and publications of scientific articles on species of the genus
Baccharis until 2019

filing focused on the use of Baccharis in the composition of a sensor, no other patent
or article with the same purpose was developed afterward.

The first patent registrations occurred in a timid and inconsistent way during
1942 to 1995 (Fig. 19.1). Before that period, the patenting of pharmaceutical prod-
ucts was historically not permitted in many countries. Only in the late twentieth
century, mandatory pharmaceutical patent protection was established for all mem-
bers of the World Trade Organization (WTO) (Shadlen et al. 2019). Since then,
registrations have increased rapidly, reaching a total of 223 registrations in 2019.
The recent increase is so clear that in the last 10 evaluated years, almost half (98
patents) of Baccharis patents were registered.

The first article on Baccharis according to the Web of Science
(1945-2019) was published in 1961 by Dolejs and collaborators (1961), with the
title “Sesquiterpenic compounds of Baccharis genistelloides Pers — Structure of
palustrol” in the journal Collection of Czechoslovak Chemical Communications.
This publication analyzed secondary substances in the aerial part of B. genistelloi-
des, focusing on the d-cadinene sesquiterpenes. To date, this phytochemical interest
in Baccharis species continues, particularly focused on the extraction and identifi-
cation of chemical compounds (Bettucci et al. 2020).

Unlike patents, the publication of scientific articles on Baccharis only displayed
a boost almost 10 years after the first scientific article had been published in 1961.
Although the publication of articles started slightly later than patents, there has been
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a substantial growth reaching about 991 articles in 2019. Comparatively, the num-
ber of articles represents about 4.5 times more than the number of patents.

One of the factors that influence this variation between numbers of patents and
articles is related to differences in the time of evaluation and concession between
them. Most articles (67%) take 6 months to 2 years to finalize publication (Noorden
2016). However, even when an author needs to wait a long time for the article to be
published, that time is much shorter than one required for a patent to be filed.
Moreover, it is also important to highlight that article publication or even a lecture
in any type of event before the secrecy period (1-5 years) can make patenting unfea-
sible. This condition imposes a choice that is not always feasible for the researcher
who is being evaluated for his production of articles, and little for the number of
patents.

Additionally, a patent application request does not mean that the patent will be
granted (Franca and Vasconcelos 2018). In an analysis of the technological field of
herbal medicines in Brazil, where there is the largest number of published articles,
from a total of 876 analyzed patent applications, only 12 (1.3%) were granted
(Vasconcellos et al. 2004). Therefore, the fact that the patent is granted does not
mean that it will be licensed or even exploited in any way. This topic is complex,
and the information gathered only outlines some of the many factors present in the
context of the comparative and competitive relationship between the basic research
of scientific articles and the generation of patent products and/or processes. The
incentive to innovation based on basic research represents the entrepreneurial con-
tinuity of organizations, taking into account such important issues in the conduction
of economic and social growth within companies and universities.

Currently, incentives and guidelines for the effective granting of patent deposits
are not uniform across countries. Many developing countries have few incentives,
and institutions that assist in the patenting process guarantee sooner success in pat-
ent grant (Moreira et al. 2016). Many research institutions validate various pharma-
cological data every day, but the lack of a culture of protection, or even the lack of
knowledge about intellectual property, makes it impossible for these results to pro-
mote financial return (Dundas 2012; Fisch et al. 2015; Arqué-Castells et al. 2016).

Species of Interest for Patents and Articles

Baccharis is considered the largest genus that belongs to the Asteraceae family,
covering formally 442 species (Fielding 2001; Giuliano 2001; Heiden and Pirani
2016). Baccharis has a wide geographic distribution occuring from Canada to the
southern tip of Argentina and Chile (Barroso 1976; Fielding 2001; Verdi et al. 2005;
Heiden et al. 2006). In patent filing applications, 43 species of this genus were iden-
tified. However, patent filing requests without identification at the species level
reached 15.7%. In scientific articles, the number of investigated species was greater,
192 studied species (43.4% of the genus). Approximately 10% of published articles
present only the genus, without species determination. Those of common interest
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Fig. 19.2 Number of (a) patents and (b) scientific articles of the most cited species of the genus
Baccharis

found in articles and patents are: B. concinna, B. coridifolia, B. cutervensis,
B. crispa, B. dentata, B. dracunculifolia, B. erioclada, B. glaziovii, B. glutinosa,
B. grisebachii, B. halimifolia, B. megapotamica, B. microcephala, B. pilularis,
B. pseudotenuifolia, B. salicifolia, B. santecilis, B. sarothroides, B. stenocephala,
and B. trimera (Fig. 19.2).

The most cited species of the most cited patents are B. trimera (36.3%), B. mega-
potamica (16.6%), and B. sarothroides (12.6%) (Fig. 19.2). Baccharis trimera is
considered one of the most studied plant species in botanical, pharmacological, and
chemical terms and is present in the list and described in the sixth Edition of the
Brazilian Pharmacopoeia (Karam et al. 2013; ANVISA 2019). It has a wide distri-
bution in Brazil, occurring in the Cerrado (Rodrigues and Carvalho 2001), Atlantic
Forest (Pavan-Fruehauf 2000; Vieira and Silva 2002), and Pampa (Ritter and
Baptista 2005; Caporal and Boldrini 2007) biomes, and can even be found in many
ruderal environments (Branddo and Oliveira 1995; Macedo 1995; Vieira and Silva
2002), whereas B. megapotamica inhabits wetlands from Brazil and Argentina
(Tokarnia et al. 1992; Carneiro and Irgang 2005). This shrub stands out for the pres-
ence of a series of potent cytotoxic agents that belong to the trichothecene antibiot-
ics complex. In addition, trichothecenes have exceptionally high toxicity for
eukaryotic organisms, including high phytotoxicity (Ueno 1983; Bamburg 1983;
Snyder 1986). Among the analyzed chemical compounds, macrocyclic trichothe-
cenes (roridins, verrucarins, and baccharinoids) proved to be among the most potent
phytotoxic agents (Cutler and Jarvis 1985). The species B. sarothroides has its ori-
gin in the desert regions of the United States, and its notoriety is mainly focused on
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its concentration of flavonoids with proven cytotoxic activity such as centauredin
and 3,4’-di-methoxy —3’,5,7-trihydroxy-flavone (Kupchan and Baverschmidt 1971).

The most cited species in articles are B. trimera (22.3%), B. dracunculifolia
(13.5%), and B. halimifolia (8.87%). Baccharis dracunculifolia is a dioecious shrub
whose distribution ranges from southeastern to southern Brazil, reaching Argentina,
Uruguay, Paraguay, and Bolivia (Gomes and Fernandes 2002). This species is a
facilitator of other species in Cerrado, as it houses a wide network of interactions
(Fagundes et al. 2005; Neves et al. 2016; Barbosa et al. 2019; Monteiro et al. 2020;
Rodrigues et al. 2020), especially with the Africanized bees Apis mellifera that col-
lect their resins for propolis manufacturing (Fernandes et al. 2018; Rodrigues et al.
2020). It is also known for its pharmacological properties and for the treatment of
several microbial and fungal diseases, ulcers, leishmania, schistosomiasis, and can-
cer, among others (e.g., Park et al. 2004; Silva-Filho et al. 2009; Parreira et al.
2010). The shrub species B. halimifolia, known for its complex network of interac-
tions, is native to salt marshes and dunes along the Atlantic and North American
Gulf Coast (Krischik and Denno 1990; Egerova et al. 2003). It is considered an
invasive species in Australia and especially in Europe (Sims-Chilton et al. 2010;
Cano et al. 2013, 2016). In the past hundred years, B halimifolia has invaded almost
all of Europe’s estuaries (Cafio et al. 2016).

Origin of Patent Filings and Articles

The origin of Baccharis’ patents is distributed in 53 countries, and the articles have
been originated from 174 countries (Fig. 19.3a, b). Despite being a genus of origin
in the Americas (Heiden and Pirani 2016), only 5.73% of patent deposits were gen-
erated in this region (Fig. 19.3). This number is significantly lower than the fre-
quency of articles published in the same region, which was approximately 67.5%.
These results also show that the potential to generate patents with Baccharis is not
being explored by the countries of origin. Consequently, these countries are not
being favored by the economic advantages that patents can bring such as market
monopoly for a certain period of time (Moir 2008). This way, these countries through
patents could have higher income and profitability indicators.

The country with the highest number of patents (95 patents, 48.02% of patents)
for Baccharis was the United States (Fig. 19.3a). The country is home to 21 native
species (Kupchn and Baverschmidt 1971), of which only six have patents (28.6% of
native species in the United States): B. dioica, B. emoryi, B. glutinosa, B. halimifo-
lia, B. pilularis, and B. sarothroides. It is noted; however, that about 50% of the
patents in the United States correspond to two non-native species: B. trimera (26.3%
of the United States patents) and B. megapotamica (24.2% of the patents) (Fig. 19.4).
B. trimera patents are associated with the development of cosmetics (69.23% of
patents), pharmacological products (23.08%), and chemical extraction (7.69%),
while B. megapotamica patents are mostly directed to pharmacology (91.30%). The
United States has been known for its mastery in the pharmacological field since the
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Fig. 19.4 Distribution of the number of patents in the United States (95 patents) per species of
Baccharis. Baccharis sp.* — identification presented in the patent only at gender level

nineteenth century by means of pharmaceutical researches based on the extraction,
purification, and isolation of natural products (Radaelli 2007).

The United States’ leadership in the number of Baccharis patents may be associ-
ated with its oldest patent on record as of 1790 and its stronger and facilitative
structure in patent generation (Khan 2005). A different profile of countries in South
America, such as Brazil, which harbors 178 species of Baccharis (about 36% of
Baccharis species; Heiden et al. 2019), leads the list of countries with the largest
number of scientific publications on species of this genus with a frequency of
45.22% (448 articles) among published studies (Fig. 19.3b). Brazil has 12 patents
for 30 species of Baccharis (30 species out of 175 registered species: 17% of the
existing species in the country). Part of this difference may be associated with the
country’s patent history. Until 1996, pharmaceutical products were excluded from
patent protection in the country (Nogués 1990). Currently, unfortunately, the vast
majority of patent rights granted in Brazil belong to foreign business groups, espe-
cially from the United States (Marques 2000).

Additionally, an analysis on the patents’ origin countries of the three most cited
Baccharis species (B. trimera, B.megapotamica, B. dracunculifolia) indicates that
over 50% of the patents were developed outside their countries of origin (Fig. 19.5).
About 88% of B. trimera patents came from where it is not native: Canada, China,
EPO, Spain, United States, France, Japan, United Kingdom, and WIPO (Fig. 19.6).
While for B. megapotamica, no patent was found for its origin locations. About
53.9% of B. dracunculifolia patents were carried out outside their countries of ori-
gin: United States, EPO, Japan, and WIPO (Fig. 19.6). In contrast, the origin of
studies developed for publication of articles on B. trimera, B. megapotamica, and
B. dracunculifolia are, in their majority (over 50%), in the countries where they
are native.
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Plant Parts Explored in Patents and Articles

Plants exhibit a wealth of chemical substances that can vary not only among species
or plant gender but also according to the plant organ (Ferracini et al. 1995; Muller-
Riebau et al. 1997; Perri et al. 1999; Vesela et al. 1999; Lago et al. 2008; Manurung
et al. 2017; Feduraev et al. 2019). These chemical differences in composition and
contents found among plant organs have been generally considered in studies and
scientific innovations. Other environmental factors may influence plant production
of chemical compounds such as seasonality, geographical distribution, and the level
of stress that they are subjected to (Perri et al. 1999; Carvalho-Filho et al. 2006;
Edreva et al. 2008). These factors, regardless of their importance, are hardly
explored in patents but practically only in scientific publications.

In patents, pollen represents the part of the plant of greatest interest (37.3%),
followed by the use of leaves (25.5%), aerial part as a whole (13.7%), and whole
plant (11.8%) (Fig. 19.7). Other organs such as branches, roots, and cladodes are
less explored in patents.

The majority of the patents of Baccharis pollen is associated with the health
benefits it brings, such as nutritional supplementation (Cho et al. 2017), physical
vigor, and immune-strengthening (Kroyer and Hegedus 2001). Pollen has been
incorporated for the development of patents that involve immunotherapy of aller-
gies and vaccines and administration of immunomodulatory compounds in order to
increase immune response or sensitivity of patients with cancer or autoimmune dis-
eases (Graga and Agua—Doce 2010; Bartlett et al. 2014; Santos et al. 2014; Zhu
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Fig. 19.6 Number of patents and published articles for the species B. trimera and B.
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2015; Fleisner 2016). Another highlight of the use of pollen in patents, for B. saro-
throides in this matter, is related to the improvement of immune responses during
the treatment of complications derived from transplant and graft rejection. Most of
the patents that use pollen as a raw material are for B. sarothroides and B. halimifo-
lia. Baccharis halimifolia is native to Nova Scotia, eastern and southern United
States, eastern Mexico, Bahamas, and Cuba (Heering 1907; Hitchcock and Standley
1919; Sanchez and Cano 1983).



486 M. B. Amancio et al.

s Patents

whole plant mmm Articles

Stalk
Seeds
Flowers
Cladodes

Root

Part of plant

Pollen
Aerial part
Branches

Leaves

0 10 20 30 40 50
Percentage (%)

Fig. 19.7 Percentage of patents and articles on plant parts of species of the genus Baccharis

In articles, the aerial part as a whole (leaves and branches) was mainly used for
studies (44.8%), while the specific use of leaves was found in 37% of the articles
(Fig. 19.7). The other parts of research interest were roots, seeds, flowers, pollen,
branches, and cladodes, each presenting less than 5% of the articles herein analyzed
(Fig. 19.7). Baccharis is a genus with a great richness of secondary compounds in
leaves, such as flavonoids, phenolics, and, especially, essential oils, which release a
distinctive odor that attracts insects (Ferracini et al. 1995; Moreira et al. 2019). Two
species of Baccharis stand out for the exploration of all plant parts: B. trimera, and
B. dracunculifolia.

4 Processes and Products and the International
Classification of Patents

Patents are classified into products, processes, or products and processes (found in
a single patent application). The differentiation between product and process can be
summarized as follows: the product is directly related to the customer’s needs and
desires, whereas the process pursues to define how produced items or services can
be presented in the most optimized possible way.

As an exemplification of a product patent, there is the first patent application for
a body sunscreen that utilized the photo-absorbent chemical compounds of B.
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sarothroides in the cosmetic composition (Unger and Creery 1998). This applica-
tion was dated in 1998 by an American company, and the patent was entitled
“Sunscreen agents from natural sources”. It is known that B. sarothroides possesses
a high concentration of centaureidin. According to Saeki et al. (2003), centaureidin
is able to inhibit the growth of melanocyte dendrites, which reduces epidermal pig-
mentation. A combination of chemical compounds of natural origin and their proven
effectiveness, such as centaureidin, presents an opportunity to create exclusive cos-
metic products applied precisely in skin darkening or lightening (Tada et al. 2006).
As to exemplify a process patent, we can reference “Method for obtaining
extracts of Baccharis glutinosa with antifungal activity” (Rosa-Burgos et al. 2011).
This patent, filed in 2015, is the most recent among the reviewed documents in the
pharmacology field of plants of the genus Baccharis with interest in the develop-
ment of extraction methods, more specifically of B. glutinosa chemical compounds.
Moreover, in product and process patents, the technical formulation characteris-
tics of a given product as well as the methodology used to produce it are described
in the same patent application. A good example of this type of patent is “Combination
of vegetable extracts modifies immune response and is effective against e.g. multi-
ple sclerosis™ (Carreiras 2001). This application fits in the area of oncology and
autoimmune diseases. It is a Spanish patent from 2001, which contains in its claims
the extraction description of root chemical compounds of several plant species,
among them B. trimera, followed by the drug formulation and its description as a
pharmaceutical product.
In general, about 59.2% of Baccharis patents refer to products and processes,
26.3% refer to products, and 14.5% aim at the creation of processes only (Fig. 19.8).
Regardless of the type of patent (product or process), a specific classification is
designated. All applications are classified in accordance with the International
Patent Classification (IPC) according to their technological area. The assessment of
this classification by the users promotes the establishment of yet another effective

Process:
33 patents
(14.5%)

Product and
: process:
Protng: 135 patents
60 patents 0
(26.3%) (59.2%)

Fig. 19.8 Percentage of Baccharis patents classified as product, process, and product and process
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search tool for the retrieval of patent documents. Statistical analysis of patent filing
activity is one of the most used methodologies in technological monitoring (Weid
et al. 2018); therefore, IPC can be used as a database for the elaboration of statistics
aimed at the industrial property, which allows the assessment of technological
development in several areas (OECD 2005). Human needs represent the area of
greatest interest for patents of species of the genus Baccharis with a frequency of
88.6% (Fig. 19.10). This class of patents encompasses subclasses that involve agri-
culture, food or food products, articles for personal household use, as well as health
and recreation.

5 Areas of Interest and Applications of Patents and Articles

Patents

Baccharis’ product and process patents were found in the following application
areas: cosmetics, pharmacology, methods of chemical compounds extraction, nutri-
tion, sensors, veterinary, agronomy, environment, and labeling. For Baccharis’
product patents, the main areas of interest are cosmetics (63.75%) and pharmacol-
ogy (24.35%) (Fig. 19.9a, Table 19.1). Baccharis patents for cosmetic products are
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AGRONOMY AND VETERINARY
1,04% New variety, hydroponics fertilizer, substrate recovery and
veterinary drugs .

Method of creating and assembling the sensors 1: 19%

Fig. 19.10 Frequency of patent applications for products (a) and processes (b) of the genus
Baccharis, separated by areas of interest

mostly aimed at dermatological treatments, such as hair loss, prevention and treat-
ment of signs caused by age, scar treatment, exfoliating, and others. As for pharma-
cology, product patents were found for administration and production of drugs in
the following areas: psychiatry, endocrinology, oncology, autoimmune diseases,
otolaryngology, rheumatology, pain, urology, dentistry, hepatology, gastroenterol-
ogy, infectology, and applied pharmacology (release of drugs) (Table 19.1). About
18% of patents aimed at oncology draw on the species B. glutinosa, B. megapota-
mica, B. sarothroides, and also on documents in which the species has not been
described at species level, reaching 21% of the analyzed results. Process patents
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Table 19.1 (a) Products and (b) processes generated from species of Baccharis in the areas
of pharmacology and cosmetology

(a) Products
a.1) Dermatology

Skin clarification

Inhibit or restore skin damage caused by dryness

Artificial skin coloration

Cosmetic with anti-inflammatory property
Hair cleaning and hydration

Hair loss treatment

Prevention and cure of gray hair

Sunscreen

Antiperspirant

Routine skin, hair and/or nail care

Skin preparation

Skin protection for diaper wearers

Prevention and treatment for aging

Protection against skin lesions
Artificial skin coloration

Composition for treatment of herpes and cold sores

Diaper rash treatment

Exfoliating

Products for better appearance or health of lips and facial skin

Dehydroascorbic acid or its derivatives for skin coloration; care and/or makeup methods

‘Wound care

a.2) Psychiatry

Treatment and prevention of cognitive decline and age-related memory impairments

Addiction treatment

a.3) Endocrinology

Sweeteners, promoters, or enhancers of sweeteners

Drug for prevention and treatment of diseases and conditions induced by carbohydrates

Treatment of diabetes, obesity, and other metabolic diseases

Product to promote weight loss

a.4) Oncology and autoimmune diseases

Kit with presegmentation compounds

Treatment or prevention of autoimmune disease, allergic reaction, transplant-related
complication, graft rejection

Treatment of infectious diseases, cancer, inflammation, tissue damage, etc.

Induction of immune tolerance

Vaccine to improve immune response
Immunotherapy and vaccine

Immunotherapy and allergy

Treatment of angiogenesis and metastasis

Fc coupled to compositions and methods of its use

(continued)
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Table 19.1 (continued)

Product that prevents or limits the effects of chemotherapy

Oncology and autoimmune diseases

a.5) Otorhinolaryngology and allergy
Treatment of one or more nasal or sinus conditions

Composition to prevent and treat type I allergy

Expandable devices for nasal polyps treatment

Treatment for allergies and asthma
Methods and compositions for allergens dosage

Method and device for testing and allergy treatment

a.6) Rheumatology

Treatment for arthritis-associated deformity, including pain and for prevention or treatment of
stiffness or inflammation

Prevention, therapy, and osteoporosis treatment
a.7) Ache
Therapeutic inhibitor of vascular smooth muscle cells

Anti-inflammatory (potent COX-2 inhibitors)
a.8) Urology

Treatment of urinary system diseases

a.9) Dentistry

Prevention and treatment of oral diseases

Aroma for oral products
Oral health products
a.10) Hepatology

Compound for hepatitis treatment

a.11) Gastroenterology

Intestinal regulator
Treatment to reverse symptoms of constipation

a.12) Angiology

Treatment of homeostatic instability conditions

Treatment for vascular trauma

Treatment for thrombosis

a.13) Infectology

Malaria treatment

Treatment of diseases related to coronavirus infection (pneumonia and gastroenteritis)

a.14) Applied pharmacology

Product and method for oral administration of nutraceuticals

Promoter of vitamin C transporter production

Drug delivery and release
Antibiotics
a.15) Antisepsis

Paints, coatings, and polymers containing phytochemicals

Paint to apply on surface and inhibit the colonization of organism-painted surfaces

Product with sanitizing, antiseptic, and/or disinfectant function for objects, food, and skin

(continued)
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Table 19.1 (continued)

Filtering materials with biocidal phytochemicals
Skin sanitizers (durable)
Hand sanitizer

Antimicrobial film

(b) Processes

b.1) Dermatology

Assessment method of dry skin state
Process for artificial skin coloration

Tanning techniques

Fast and economical process for preparing substituted phenylaldehydes (raw material for the
preparation of a large number of aromatic compounds useful in the perfume industry)

b.2) Extraction of compounds

Methodology of secondary metabolites extraction

Identification of compounds found in propolis

Acquisition of propolis extract

Methodology of artepilin C extraction

Process of acquisition of plant extracts and compositions comprising extracellular protease
inhibitors

Extraction and use of propolis extracts in products

b.3) Quality control

Methodology for quality control of propolis and extracts of B. dracunculifolia
b.4) Antisepsis

Active oxygen scavenger

b.5) Applied pharmacology
Isolation of autoantibodies (autoimmune diseases)

Methodology of product/medicine preparation

focused on pharmacology generally describe the way a certain product was pro-
duced or even optimized, the extraction of its compounds, or even the evaluation
methods for dermatological problems (Table 19.1).

The greatest highlight in the agronomy, veterinary, and environment fields (about
1% of product patents) is among phytosanitary products formulated with secondary
compounds of Baccharis species, which have a natural-based formulation and, for
this reason, present shorter retention time in the cultivated area and low level of soil
and water contamination. Another interesting application is related to hybrid spe-
cies, that is, the result of natural crossing between genetically similar species, such
as the following species: Baccharis hybris ‘Starn’, Baccharis halimifolia ‘Kolmmyst’
(Kolster 2003a), Baccharis halimifolia ‘Kolmstar’ (Kolster 2003b), and Baccharis
halimifolia ‘Kolmsil’ (Kolster 2003c). The particularity of these species is their
high potential in the recovery of degraded areas due to their morphological charac-
teristics such as deep root system and voluminous aerial part.

Considering the areas of interest of process patents (Fig. 19.9b), cosmetics and
pharmacology occupy second and third places with a frequency of 16.07% and
6.55%, respectively. In first place, with 66.07% of frequency, there are processes
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Nutrition

Pharmacology

Agronomy, veterinary
and ecology

Fig. 19.11 Areas of interest of scientific articles on Baccharis

aimed at agronomy and environment, mostly associated with damage reduction
caused by herbivores and phytopathogens, but also weed control.

Process patents, when compared to product patents, have been particularly evalu-
ated at a lower economic value, partly due to the difficulty of screening (Kartal
2007). In addition, many product patents are frequently filed with the same meth-
odologic process (Kartal 2007).

Articles

The scientific articles on Baccharis can be grouped into three large groups in accor-
dance with similarity of interests: pharmacology (54.5%), agronomy, veterinary and
ecology (45.5%), and nutrition (1%) (Fig. 19.11). Within the great area of pharma-
cology, there are studies focused on the extraction of chemical compounds, taking
into account the following aspects: types of solvents, concentration and chemical
composition, and according to the plant part, optimization of extraction processes,
chromatographic analysis of compounds, and others. In studies that involved tests
of medicinal interest, extracted chemical compounds were tested in vivo and in vitro
experiments.

Many in vivo and in vitro experiments carried out with Baccharis coincide with
the testing objectives of patent applicants, such as compounds with carcinogenic,
analgesic, anticonvulsant, anti-inflammatory, antihyperglycemic, and antihyperlip-
idemic functions and antioxidants among others. This similarity suggests an inter-
action between articles and patents with regard to the knowledge generated on
Baccharis® biological activities of pharmacological interest, especially those



494 M. B. Amancio et al.

associated with carcinogenic activity of chemical compounds of Baccharis (Galvao
et al. 2012; Gonzélez et al. 2018; Jaramillo-Garcia et al. 2018). The species that
stood out the most in carcinogenesis studies were B. coridifolia and B. dracunculi-
folia. However, within pharmacology scientific articles, 68% refer to biocidal activ-
ities found in some Baccharis. Some of these articles aim to apply the
Baccharis compounds to bacteria and fungi responsible for human diseases. In the
meantime, no antibiotic product or fungicide with the same activity was observed in
patents, only just fungicide patents for the protection of agricultural crops, such as
the patent by Burgos and Rocha (2014).

It was also noted that some biological activities, such as the antimalarial action
of Baccharis species, were more significantly evaluated in articles than in patents.
Oliveira et al. (2012) were the inventors of a patent on the use of antimalarial chemi-
cal compounds (diterpenes), but the species has not been described at species level.
While in articles found on the same subject, the following Baccharis species were
used in the tests: B. microdonta, B. paucifloculosa, B. punctulata, B. reticularioides,
B. stenocephala, and B. genisteloides (Henning et al. 2011; Budel et al. 2018a, b).
Baccharis® biological activities for Leishmaniasis treatment (Grecco et al. 2010,
2012; Parreira et al. 2010; Passero et al. 2011; Neto et al. 2019) and Chagas disease
(Grecco et al. 2010; Vanini et al. 2012; Guerreiro et al. 2018; Ueno et al. 2018) were
only addressed in scientific articles. The species B. uncinella and B. dracunculifolia
showed activity to treat Leishmaniasis and Chagas disease. For Chagas disease
treatment, the species B. semiserrata and B. retusa also showed activity. This lack
of interaction between science and technology is aimed at curing neglected dis-
eases, although in 2009, they were considered priorities by the World Health
Organization (2004).

In the veterinary field, studies focused on species that cause animal poisoning,
with emphasis on B. megapotamica. Reports on the intoxication of whole herds,
induced resistance, experimental intoxication, and animal testing with the purpose
to prevent intoxication were found in the studies. Another information only found in
articles is related to the antiophidic capacity that the leaves of B. crispa present
(Costa 2010).

Baccharis friburguensis was the species of interest in only one scientific article;
however, this same species has been pointed out to be used as a natural sweetener.
In the four remaining scientific articles involving plants of the genus Baccharis in
the area of nutrition, there are nutritional analyses in search of carbohydrate sources.

In our study, a total of 85 articles involves morpho-anatomical study areas of the
species, taxonomic classification, and floristic surveys (involving native, pioneer,
endemic, dominant, weed species, etc.). Specifically, inside ecology, studies with
Baccharis were carried out on the recovery of degraded areas (e.g., Perea et al.
2019), phytoremediation (Haque et al. 2008), and insect—plant interaction
(e.g., Fagundes et al. 2005; Fernandes et al. 2014; Monteiro et al. 2020), mainly
with gall-inducing insects (e.g., Arduin et al. 2005; Espirito-Santo et al. 2012;
Agudelo et al. 2018).
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6 Collaborative Network Among Those Involved
in the Patents and Articles

Other aspects related to the study of science—technology interaction start from the
analysis of coauthorship. One hundred of scientific articles authors were found in
this survey, a number far lower than the number of patent applicants for the genus
Baccharis: four hundred and four. A survey was carried out with ten patent inven-
tors and scientific article authors (Table 19.2). Bastos JK is the author of the largest
number of published scientific articles, with 40 publications. Bastos is a
Pharmacognosy professor in the Department of Pharmaceutical Sciences at the
Faculty of Pharmaceutical Sciences, University of S@o Paulo. His research is
focused on the organic chemistry of natural products, mainly on secondary metabo-
lites of higher plants and propolis, in which species of the genus Baccharis lie, with
emphasis on B. dracunculifolia. The inventor Reno JM stood out in the ranking of
the most frequent inventors, with 20 patent applications. All of Reno’ patents were
applied by the private company Neorx Corporation. The high number of patents
invented by Reno draws attention mainly due to the fact that the other inventors
present a frequency of 1 to 3 deposits.

Bastos presented another very interesting feature, as he was one of the 4 patent
inventors who also appear on the list of scientific article authors, the other three are
Jarvis BB, Rosa-Burgos EC, and Cortez-Rocha MO. Bastos and Jarvis are inventors
of one patent each; however, Bastos published 40 articles while Jarvis published 21.
Rosa-Burgos and Cortez-Rocha filed two patent applications each, yet the first has
seven scientific articles published, while the second has five. This amount of inven-
tors—authors demonstrates how weak is the collaboration between professionals
involved in the science and technology of species of the genus Baccharis. Pravdic
and Oluic-Vukovic (1986) stated that more productive authors tend to form partner-
ships more frequently, and authors who work in multidisciplinary research exhibit
the most frequent collaborative behavior with highly productive authors.

Table 19.2 Ranking of inventors and authors who most filed patents and published scientific
articles on the genus Baccharis

Inventors Number of patent deposits | Authors Number of article publications
Reno JM 20 Bastos JK 40
Theodor LJ 13 Fernandes GW | 35
Gustavson LM | 10 Tonn CE 27
Axworthy DB 9 Giordano OS 24
Leroy Kunz LL | 9 Budel IM 23
Portes P 9 Lago JHG 23
Gupta SK 9 Jarvis BB 21
Simonnet JT 8 Heiden G 20
JiaQ 8 Romoff P 19
Laboureau J 6 da Silva AA 18




496 M. B. Amancio et al.

The future perspective in which society can be favored by the range of benefits
provided by species of the genus Baccharis focuses on the need of a deep stage of
maturity related to interaction and collaboration of professionals interested in patent
study and development. According to Moura (2012), authorship in scientific articles
has been configured as an opening opportunity, mainly to compete or obtain funding
to carry out their research, discussions between counterparts, and the researcher’
scientific visibility in their area of expertise. In contrast, coinvention presents crite-
ria of participation for authorship in technological production, different from those
used in scientific production.

Collaborations between universities and companies have been growing in recent
years (Cohen et al. 2002; Kon 2016). The knowledge generated by universities is
extremely important for industrial development, especially high-tech sectors due to
their proximity to the scientific knowledge basis (Klevorick et al. 1995). The finan-
cial resources derived from companies are pointed out as one of the advantages of
partnership for universities (Lehmann and Menter 2016).

7 Final Considerations

Baccharis stands out for its great potential for science and technology, especially in
the pharmacological area, with publications and patents that go beyond limits of
origin. Patent filings on Baccharis; however, have been hampered due to legal rea-
sons, required time for patenting, and difficulty in patent granting after application.
These barriers have affected countries such as Brazil, which, although shows the
greatest scientific contribution on Baccharis, does not have the greatest economic
contribution in the form of patents. The largest number of Baccharis patent filings
is led by the United States, which, throughout its history, has had great incentives
and investments in the innovation sector.

Among the species B. trimera and B. dracunculifolia represent the species with
more scientific studies. Baccharis trimera also appears at the top of the species of
greatest interest to patent inventors, followed by B. megapotamica. This great scien-
tific and market interest in B. trimera may be related to the use of secondary metab-
olites in the treatment of various diseases.

Unfortunately; however, Baccharis’ scientific knowledge has not always contrib-
uted to the advance of the generation of patent filings. Published scientific articles
could assist in generating patent filings, such as a potential antibiotic and antifungal
for human diseases, treatment of various diseases (such as autoimmune diseases,
cancers, among others) bringing innovation and economic incentives. The innova-
tive discoveries evidenced in patents of this genus were also not reflected in the
scientific deepening and development. There are no reports in the form of articles on
the already patent work deposited, Baccharis fiber sensors, nor studies that explore
the anticarcinogenic activity of the species B. glutinosa, B. megapotamica, and
B. sarothroides.
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Another aspect that reinforces the poor interaction between the knowledge gen-
erated by articles and patents is the low collaboration among authors of scientific
articles (mostly researchers from higher education and research institutions) and
patent applicants (mostly companies). These findings indicate an urgent need for
greater exchange of knowledge generated from articles and patents, and collabora-
tions between Baccharis researchers and applicants to promote science and technol-
ogy. The application of research and technology helps to create new demands and
new industries, which drive a future of economic growth and social development.
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