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Abstract: The use of medicinal plants has been done since ancient times and may even be considered
the origin of modern medicine. Compounds of plant origin have been and still are an important
source of compounds for drugs. In this study a bibliometric study of all the works indexed in the
Scopus database until 2019 has been carried out, analyzing more than 100,000 publications. On the
one hand, the main countries, institutions and authors researching this topic have been identified, as
well as their evolution over time. On the other hand, the links between the authors, the countries and
the topics under research have been analyzed through the detection of communities. The last two
periods, from 2009 to 2014 and from 2015 to 2019, have been examined in terms of research topics. It
has been observed that the areas of study or clusters have been reduced, those of the last period being
those engaged in unclassified drug, traditional medicine, cancer, in vivo study—antidiabetic activity,
and animals—anti-inflammatory activity. In summary, it has been observed that the trend in global
research is focused more on the search for new medicines or active compounds rather than on the
cultivation or domestication of plant species with this demonstrated potential.

Keywords: medicinal plants; drugs; worldwide research; bibliometrics; traditional medicine

1. Introduction

Ten percent of all vascular plants are used as medicinal plants [1], and there are estimated to be
between 350,000 [2] and almost half a million [3] species of them. Since ancient times, plants have been
used in medicine and are still used today [4]. In the beginning, the trial and error method was used to
treat illnesses or even simply to feel better, and in this way, to distinguish useful plants with beneficial
effects [5]. The use of these plants has been gradually refined over the generations, and this has become
known in many contexts as traditional medicine. The official definition of traditional medicine can
be considered as “the sum total of the knowledge, skills and practices based on the theories, beliefs
and experiences indigenous to different cultures, whether explicable or not, used in the maintenance
of health, as well as in the prevention, diagnosis, improvement or treatment of physical and mental
illnesses” [6].

It is a fact that all civilizations have developed this form of medicine [7] based on the plants in
their own habitat [8]. There are even authors who claim that this transmitted knowledge is the origin
of medicine and pharmacy. Even today, hundreds of higher plants are cultivated worldwide to obtain
useful substances in medicine and pharmacy [9]. The therapeutic properties of plants gave rise to
medicinal drugs made from certain plants with these benefits [10].

Until the 18th century, the therapeutic properties of many plants, their effect on the human
organism and their method of treatment were known, but the active compound was unknown [11].
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As an example, the Canon of Medicine written by the Persian physician and scientist Avicenna (Ibn
Sina) was used until the 18th century [12].

The origin of modern science, especially in the Renaissance, in particular chemical analysis, and
the associated instrumentation such as the microscope, was what made it possible to isolate the active
principles of medical plants [13]. Since then, these active principles have been obtained synthetically
in the laboratory to produce the medicines later [14]. The use of medicines was gradually expanded.
Until today, the direct use of medicinal plants is apparently displaced in modern medicine [15]. Today’s
medicine needs the industry producing pharmaceutical medicines, which are largely based on the
active principles of plants, and therefore, these are used as raw materials in many cases [16]. Yet,
today, the underdeveloped world does not have access to this modern medicine of synthetic origin,
and therefore, large areas of the world continue to use traditional medicine based on the direct use of
medicinal plants due to their low cost [17].

However, it should be noted that the possible trend to return to this type of traditional medicine
may have two major drawbacks. The first is the use of medicinal plants without sanitary control,
without thinking about the possible harmful aspects for health [18]. Although many plants do not
have side effects like the aromatic plants used in infusions: chamomile, rosemary, mint, or thyme;
however, others may have dangerous active principles. To cite an example, Bitter melon (Momordica
charantia L.) used to cure fever and in cases of malaria [19], its green seeds are very toxic as they can
cause a sharp drop in blood sugar and induce a patient’s coma (hypoglycemic coma) [20]; this is due to
the fact that the components of bitter melon extract appear to have structural similarities to animal
insulin [21]. Secondly, there has been a proliferation of products giving rise to false perspectives, as
they are not sufficiently researched [22].

Examining the specialized literature of reviews and bibliometric studies on medicinal plants,
three types of studies are found: those focused on a geographical area, those focused on a specific
plant or family, and those focused on some type of medical interest activity. Regarding the studies
of geographical areas, for example, there are the studies of Africa. Specifically, in South Africa, the
plants that are marketed [23], as these plants of medical interest have been promoted [24], or for the
treatment of specific diseases such as Alzheimer’s [25]. In Central Africa, the studies of Cameroon
are remarkable, where for general bibliometric studies of its scientific output, the topic of medicinal
plants stands out as one of the most important in this country [26]. Or those of Ghana, regarding
frequent diseases in this country such as malaria, HIV/AIDS, hypertension, tuberculosis, or bleeding
disorders [27]. Other countries that have conducted a bibliometric study of their medicinal plants have
been Cuba [28] and China [29].

The other direction of the bibliometric studies mentioned, those that focus on specific plants, are
those of: Artemisia annua L. [30], Aloe vera [31], Panax ginseng [32], Punica grantum L. [33], Apocynum
cannabinum [34], or Andrographis paniculata [35]. The third line of the bibliometric research on medicinal
plants deals with some kind of specific activity; there are studies for example for the activities of:
antibacterial or antifungal [36], antioxidant [37], and anticancer [38-40].

As a common feature of the bibliometric studies published so far, none of them has a worldwide
perspective. Furthermore, they are generally based on Web of Science and some of them on other more
specific databases such as CAB Abstracts or PlantMedCUBA, but no work based on Scopus has been
observed. Therefore, this paper aims to study what types of scientific advances are being developed
around medicinal plants, what research trends are being carried out, and by which countries and
research institutions. To this purpose, it is proposed to carry out a bibliometric analysis of all the
scientific publications on this topic.

2. Materials and Methods

The data analyzed in this work have been obtained through a query in the Scopus database, which
has been successfully used in a large number of bibliometric studies [41]. Due to the large amount of
results, it was necessary to use the Scopus API to download the data, whose methodology has been
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developed in previous works [42,43]. In this study, the query used was: (TITLE-ABS-KEY (“medic*
plant*”)). An outline of the methodology used is shown in Figure 1. The analysis of the scientific
communities, both in terms of keywords and the relationship between authors or between countries
was done with the SW VosViewer [44].

Excel YEARS
SOURCES
lSUB.IECT AREA |
ANALYSIS
(csv format) ! INSTITUTIONS |
KEYWORDS
AUTHORS
vosviewer | cLUSTERS OF KEYWORDs |
COMMUNITY DETECTION |
| CLUSTERS EVOLUTION |

Figure 1. Methodology.
3. Results

3.1. Global Evolution Trend

From 1960 to 2019, more than 110,000 studies related to medicinal plants have been published.
Figure 2 shows the trend in research in this field. Overall, it can be said that there was a continuous
increase from 1960 to 2001, with just over 1300 published studies. From here, the trend increases faster
until 2011, when it reaches a maximum of just over 6200 publications. After this period, publications
stabilize at just over 5000 per year. These three periods identified are highlighted in Figure 2.
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Figure 2. Worldwide temporal evolution of medical plants publications.
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3.2. Global Subject Category

If the results are analyzed according to the categories in which they have been published (see
Figure 3), according to the Scopus database, it can be seen that most of them have been carried out in
the Pharmacology, Toxicology and Pharmaceutics category with 27.1 % of the total. Other categories
with significant relative relevance have been: Medicine (23.8%), Biochemistry, Genetics and Molecular
Biology (16.7%), Agricultural and Biological Sciences (11%), Chemistry (8.7%), Immunology and
Microbiology (2.5%), Environmental Science (2.1%), and Chemical Engineering (1.5%). All other
categories are below 1%, such as: Nursing, Multidisciplinary, or Engineering.
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Medicine
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Agricultural and Biological Sciences
Chemistry
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Chemical Engineering
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Figure 3. Medicinal plants publications by scientific categories indexed in Scopus.

3.3. Distribution of Publications by Countries

If the results obtained are analyzed by country, a total of 159 countries have published on this
topic. Figure 4 shows the countries that have published on the subject and the intensity with which
they published has been shown. It is observed that China and India stand out over the rest of the
countries with more than 10,000 publications, perhaps influenced by traditional medicine, although
their most cited works are related to antioxidant activity, both for China [45], and for India [46,47], and
in this last country also antidiabetic potential [4]. The third place is the USA followed by Brazil, both
with more than 5000 publications. The most frequently cited publications from these countries focus
on antioxidant activity [48], and antimicrobial activity [49] for the USA and anti-inflammatory activity
for Brazil [50,51].

As mentioned, the list of countries is very long, but those with more than 2000 publications are
included: Japan, South Korea, Germany, Iran, United Kingdom, Pakistan, Italy, and France. If the
overall results obtained are analyzed in their evolution by years, for this list of countries with more
than 2000 publications, Figure 5 is obtained. From this point onwards, three groups of countries can
be identified.
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Figure 5. Temporal evolution on medical plants publications for Top 12 countries.

The first group is the leaders of this research, China and India, with between 800 and 1100
publications per year. China led the research from 1996 to 2010, and from this year to 2016, the leader
was India, after which it returned to China. The second group of five countries is formed in order in
the last year of the study: Iran, Brazil, USA, South Korea and Pakistan. This group of countries has a
sustained growth over time, with a rate of publications between 200 and 400 per year. It should be
noted that Brazil led the third place for a decade, from 2007 to 2016, since then that position is for Iran.
The third group of five countries is made up of: Japan, Germany, United Kingdom, Italy, and France.
They are keeping the publications around 100 a year, with an upward trend, but at a very slight rate.

If the analysis of the publications by country is made according to the categories in which they
publish, Figure 6 is obtained, which shows the relative effort between the different themes or categories
is shown. At first look, it might seem that they have a similar distribution. However, in relative terms
the category of Pharmacology, Toxicology and Pharmaceutics is led by Brazil with 35% of its own
publications followed by India with 33%. For the Medicine category, in relative terms it is led by China
with 29 %, followed by Germany with 27 %. The category of Biochemistry, Genetics and Molecular
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Biology always takes second or third place for this ranking of countries, standing out especially for
Japan and South Korea with 23% and for France with 22%. The fourth category for many countries is
Agricultural and Biological Sciences, with Pakistan standing out with 20%, followed by Italy with 16%.
The category of Chemistry occupies the fourth category for countries such as Japan with 20% or Iran
with 14%. The other categories: Chemical Engineering, Immunology and Microbiology, Environmental
Science, Multidisciplinary, or Engineering, are below 5 % in all countries.
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Figure 6. Distribution by scientific categories according to countries.

According to these results, it can be seen the relative lack of relevance of the category of Agricultural
and Biological Sciences for medicinal plants, compared to the categories of Pharmacology, Toxicology
and Pharmaceutics, Medicine, or Biochemistry, Genetics and Molecular Biology.

3.4. Institutions (Affiliations)

So far, the distribution by country has been seen, but the research is done in specific research
centers (institution or affiliations as are indexed in Scopus) and therefore, it is important to study
them. Table 1 shows the 25 institutions with more than 400 publications, of which 13 are from China
(including the first 7), 3 from Brazil, 2 from South Korea, and now with 1: Saudi Arabia, Pakistan, Iran,
Mexico, Cameroon, France, and Malaysia.

If the three main keywords of these affiliations are analyzed, it can be seen that there are no great
differences, and in fact, they are often the same: Unclassified Drug, Drug Isolation, Drug Structure,
Chemistry, Controlled Study, Isolation And Purification, Chemistry, and Plant Extract. They only call
attention to “Drugs, Chinese Herbal” which appears in two affiliations: China Academy of Chinese
Medical Sciences, and Beijing University of Chinese Medicine, which of course is a very specific issue
in this country.



Int. |. Environ. Res. Public Health 2020, 17, 3376

Table 1. Top 25 affiliations and main keywords.

7 of 20

Institution Country N Keyword
1 2 3
Chinese Academy of Sciences China 2322  Unclassified Drug ~ Drug Isolation Drug Structure
Chinese Acac.:lemy of Medical China 1432 Chemistry Unclassified Isola.tl.on And
Sciences Drug Purification
Peking Union Mgdlcal College China 1200 Chemistry Unclassified Isola.tl.on And
Hospital Drug Purification
Ministry of Education China China 1192  Unclassified Drug Co;ggl;ed Chemistry
China Pharma}ceutlcal China 851  Unclassified Drug Chemistry Plant Extract
University
Kunming Institute of Botany . i .
Chinese Academy of Sciences China 694  Unclassified Drug  Drug Isolation Drug Structure
China Academy of Chinese . e . Drugs, Chinese
Medical Sciences China 650  Unclassified Drug Chemistry Herbal
Universidade de Sao . o
Paulo—USP Brazil 626  Unclassified Drug Plant Extract ~ Controlled Study
Shenyang Pharrpaceutlcal China 598  Unclassified Drug Chemistry Drug Isolation
University
University of Chinese . o Controlled .
Academy of Sciences China 549  Unclassified Drug Study Drug Isolation
UNESP-Uruvers.ldade Brazil 534  Unclassified Drug Plant Extract ~ Controlled Study
Estadual Paulista
. . South o Controlled
Kyung Hee University Korea 533  Unclassified Drug Study Plant Extract
. . . Saudi o
King Saud University Arabia 533  Unclassified Drug Plant Extract ~ Controlled Study
Beijing University of Chinese . . Drugs, Chinese Herbaceous
Medicine China 533 Chemistry Herbal Agent
University of Karachi Pakistan 520  Unclassified Drug Plant Extract Drug Isolation
Zhejiang University China 497  Unclassified Drug Chemistry Controlled Study
Seoul National University South 496  Unclassified Drug Controlled Plant Extract
Korea Study
Tehran UmV(.erchy of Medical Iran 461  Unclassified Drug Plant Extract ~ Controlled Study
Sciences
Umv/er51dad NaC}opal Mexico 453  Unclassified Drug Plant Extract ~ Controlled Study
Auténoma de México
Université de Yaoundé I Cameroon 451  Unclassified Drug Plant Extract ~ Controlled Study
. I . i . Isolation And
Peking University China 434  Unclassified Drug Chemistry Purification
Second M%lltary Medical China 425  Unclassified Drug Plant Extract ~ Controlled Study
University
Universidade Fec?leral do Rio Brazil 414  Unclassified Drug Plant Extract ~ Controlled Study
de Janeiro
CNRS Centre Nfatlo.n.al dela France 410  Unclassified Drug Plant Extract ~ Controlled Study
Recherche Scientifique
Universiti Putra Malaysia Malaysia 406  Unclassified Drug Plant Extract ~ Controlled Study
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3.5. Authors

The main authors researching this topic are shown in Table 2, which are those with more than 100
publications on this topic. It is observed that they are authors with a significantly high h-index. On the
other hand, it is noteworthy that the first two are not from China or India, which as we have seen were
the most productive countries, and also had the most relevant institutions in this area. The lead author
is from South Africa, ]. Van Staden, and the second from Bangladesh, M. Rahmatullah. The author
with the highest h-index is from Germany, T. Efferth.

Table 2. Main authors in medicinal plants.

Scopus

Author Author ID N Affiliation, Country h-Index
1 Van Staden, J. 7201832631 238 University of KwaZulu-Natal, South Africa 69
2 Rahmatullah, M. 6701489271 175 University of Dhaka, Bangladesh 38
3 Huang, L.Q. 56156528000 150 China Academy of Chinese Medical Sciences, China 36
4  Choudhary, M.I. 35228815600 142 University of Karachi, Pakistan 53
5 Afolayan, AJ. 7003478648 137 University of Fort Hare, South Africa 41
6 Heinrich, M. 16156235300 124 UCL, London, United Kingdom 54
7 Khan, L.A. 26643155300 124 University of Mississippi, United States 54
8 Efferth, T. 7005243974 122 Johannes Gutenberg Universitdt Mainz, Germany 70
9  Farnsworth, N.R. 35392089500 118 University of Illinois at Chicago, United States 63
10 RaﬁelaﬁKopael’ 6506929448 115 Shahrekord University of Medical Sciences, Iran 60
11 Kuete, V. 15757756200 114 University of Dschang, Cameroon 38
12 Xiao, P.G. 7103088959 113 Ministry of Education China, China 37
13 Vilegas, W. 7004140097 107 UNESP-Universidade Estadual Paulista, Brazil 36
14 Hao, XJ. 7202000647 105 Chinese Academy of Sciences, China 38
15 Sun, H.D. 7404828012 105 Kunming Institute (?f Botany Chinese Academy of 47
Sciences, China
16 Li, P. 56381767900 101 China Pharmaceutical University, China 51

If the network of collaboration between authors with more than 40 documents is established,
Figure 7 is obtained. Here, there are 33 clusters, where the most important is the red one with 195
authors, where the central author is Huang, L.Q. The second more abundant cluster is the green one,
composed of 69 authors. In this cluster, there is no central author, but instead, a collaboration between
prominent authors such as Kim, J.S., Lee, K.R. or Park, ].S. The third cluster, in blue, is composed of 64
authors, led by the authors M.I. Choudhary and M. Ahmad.

The fourth cluster, of yellow color is composed of 63 authors, the central authors are Y. Li and
H-D. Sun. The fifth cluster, in purple, is also composed of 51 authors, the central author is W. Villegas.
It should be noted that this cluster is not linked to the whole network, so they must research very
specific topics in their field. The sixth cluster is composed of 48 authors and is cyan colored, the central
author is Rahmatullah, M. The cluster of the main author of Table 2, Van Staden, J., is composed of 23
authors, and would be number 17 in order of importance by number of authors, is light brown, and is
located next to that of W. Vilegas but without any apparent connection.

3.6. Keywords

3.6.1. Global Perspective

The central aspect of bibliometric studies is to study the keywords in the publications and, through
the relationships between them, to establish the clusters or scientific communities in which the different
topics associated with a field of study can be grouped together. If keywords are extracted from the
total number of publications, an overview can be made of the most used keywords in relation to the
subject of medicinal plants (see Figure 8). As expected, the search terms are the main ones, but then,
there are two indexing terms, Human and Nonhuman, and then Unclassified Drug and Plant Extract.
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If the keywords are analyzed by country, and we do not take into account the search terms, the
results are obtained in Table 3, where the four main keywords of the main countries that research this
topic are shown. It can be seen that the terms: Unclassified Drug, Plant Extract, and Controlled Study,

are the ones that dominate without a doubt.
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Table 3. Main keywords by country.
Rank Country N 1 2 3 4
1 China 19,846 Unclassified Drug Chemistry Controlled Study Plant Extract
2 India 16,372 Unclassified Drug Plant Extract Controlled Study ~ Animal Experiment
3 USA 7339 Unclassified Drug Plant Extract Controlled Study Chemistry
4 Brazil 5993 Unclassified Drug Plant Extract Controlled Study =~ Animal Experiment
5 Japan 4557 Unclassified Drug Plant Extract Drug Isolation Controlled Study
6 South Korea 4131 Unclassified Drug Controlled Study Plant Extract Animals
7 Germany 3867 Unclassified Drug Plant Extract Controlled Study Chemistry
8 Iran 3771 Unclassified Drug Plant Extract Controlled Study Essential Oil
9 United Kingdom 2377 Unclassified Drug Plant Extract Controlled Study Chemistry
10 Pakistan 2220 Unclassified Drug Plant Extract Controlled Study Chemistry
11 Italy 2135 Unclassified Drug Plant Extract Controlled Study Chemistry
12 France 2031 Unclassified Drug Plant Extract Controlled Study Drug Isolation

3.6.2. Keywords Related to Plants

If this keyword analysis is done by parts of the plant (see Table 4), which shows which parts of
the plant have been most investigated. It should be noted that the number of documents is less than
the sum of the individual keywords, since a publication contains more than one keyword. It has been
obtained that the parts of the plant most studied in order of importance have been the value expressed
in relative terms: Leaf-Leaves (33%), Root-Roots (22%), Seed (12%), Stem (10%), Fruit (10%), Bark (7%),
and Flower (6%). The table also shows which plant families have been most used for the study of that

part of the plant.

Table 4. Main keywords related to plant parts and plant families studied.

Part of the Plant Documents Main Family Studied Keyword N
Leaf-Leaves 14652 Asteraceae, Fabaceae, Lamiaceae P{;liil;::jis 15%)%?19
Root-Roots 9581 Asteraceae, Fabaceae Iilejlr:lttli{(?(?tts Zggg

Seed 5204 Fabaceae, Asteraceae Plasr;teized ;ﬁg
Stem 4480 Fabaceae, Asteraceae, Apocynaceae ;frﬁtsstt:;; i’zgé
Fruit 4357 Fabaceae, Asteraceae, Ifr 1:;111tts 3;5293
Bark B8 ecynacens Astacese | Pk 1171
Flower 2615 Asteraceae, Lamiaceae, Fabaceae lfllc?v‘\llvei; 2800%11
Rhizome 2519 Zingiberaceae, Asteraceae Rhizome 1969

To give an idea of the most studied plant families, see Table 5. Although the first two are the same
family, it has been left separately to indicate the indexing preferences of the two main affiliations that
study them. This is also the situation with Compositae that correspond to the family of Asteraceae.
This table lists for each plant family the main institution working on its study. However, it is curious
that even if a country is a leader in certain studies related to plant families, most often it is found
that the institution leading the issue is not from the country leading the study on that plant family.
This helps to establish a certain amount of global leadership on the side of the institutions.
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Table 5. Plant families and Institutions.

Rank Plant Family Documents Main Country Main Affiliation (Country)
1 Fabaceae 4492 USA Universidade de Sao Paulo — USP (Brazil)
. Wageningen University and Research Centre
2 Leguminosae 3255 USA (Netherlands)
3 Asteraceae 2743 China Chinese Academy of Sciences (China)
4 Lamiaceae 1825 China Chinese Academy of Sciences (China)
5 Apocynaceae 962 India Chinese Academy of Sciences (China)
. . Chinese Academy of Medical Sciences &
6 Angiosperm 4 China Peking Union Medical College (China)
7 Euphorbiaceae 898 India Chinese Academy of Sciences (China)
Apiaceae . . . . .
8 (Umbelliferae) 884(135) China Tehran University of Medical Sciences (Iran)
9 Rubiaceae 814 India Chinese Academy of Sciences (China)
10 Rutaceae 730 India CNRS Cent.re Na.tlonal de la Recherche
Scientifique (France)
1 Solanaceae 539 India University of Development Alternative
(Bangladesh)
12 Rosaceae 582 China Chinese Academy of Sciences (China)
13 Compositae 352 China Lanzhou University (China)

3.7. Clusters

The analysis of the clusters formed by the keywords allows the classification of the different
groups into which the research trends are grouped. A first analysis has been made with the documents
published between 2009 and 2019 and in two periods, from 2009 to 2014 and from 2015 to 2019.
Figure 9 shows the clusters obtained for the period 2009 to 2014, showing seven clusters, which can be
distinguished by color, and in Table 6 its main keywords have been collected.

The first of these clusters, in red (1-1), is linked to traditional medicine. This is reflected in the
main keywords associated with this cluster: phytotherapy, herbaceous agent, traditional medicine,
ethnobotany. Within this cluster, the most cited publications are related to the antioxidant function
of plants. This includes the prevention of hyperglycemia hypertension [52], and the prevention of
cancer. Of the latter, studies suggest that a reduced risk of cancer is associated with high consumption
of vegetables and fruits [53]. Another topic frequently addressed is the antidiabetic properties, as some
plants have hypoglycemic properties [34]. It should be remembered that diabetes mellitus is one of
the common metabolic disorders, acquiring around 2.8% of the world’s population and is expected to
double by 2025 [54].

The second cluster, in green (1-2), appears to be the central cluster, and is related to
drugs—chemistry. The main keywords are: drug isolation, drug structure, chemistry, drug
determination, and molecular structure. Here, the most cited publications are the search for new
drugs [55] or in natural antimicrobials for food preservation [56].

The third cluster, in purple (1-3), is focused on in vivo study through studies with laboratory
animals, as shown by keywords such as mouse and mice. As it is known that in vivo drug trials
are initiated in laboratory animals such as mice, in general studies focused on anti-inflammatory
effect [57,58].

The fourth cluster, in yellow (1-4), is engaged in the search for drugs. The main keywords in this
regard are unclassified drug and drug screening. Within this cluster, the studies of flavonoids stand
out [59]. Flavonoids have been shown to be antioxidant, free radical scavenger, coronary heart disease
prevention, hepatoprotective, anti-inflammatory and anticancer, while some flavonoids show possible
antiviral activities [60].
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Figure 9. Network of keywords in medical plants publications: Clusters between 2009-2014.

Table 6. Main keywords used by the communities detected in the topic in the period 2009-2014.

Cluster Color Main Keywords Topic
11 Red Human, Phytotherapy, herbace.ous agent, tI:adlthl‘lal medicine, Traditional medicine
ethnobotany, diabetes mellitus
12 Green Drug isolation, drug structure, chemistry, drug determination, Drug determination
molecular structure
Animal, mouse, mice, animal cell, apoptosis, Animals-in vivo
1-3 Purple iy . .
anti-inflammatory effect, protein expression study
14 Yellow Unclassified drug, drug screening, flavonoid, phytochemistry, Unclassified drug
plant leaf
15 Blue Drug efficacy, animal expepment, dose response, oxidative Drug efficacy
stress, histopathology
1-6 Cian Solvent, ethanol, neuroprotection, acetic acid, sodium chloride Effect;}fhe;:f ction
17 Orange antimalarial activity, antimalarials, Plasmodium berghei, Malaria

Plasmodium falciparum

The fifth cluster, in blue (1-5), is focused on the effectiveness of some drugs, and their
experimentation on animals. Some of the most cited publications of this cluster over this period are
those focused on genus Scutellaria [61], Epimedium (Berberidaceae) [62] and Vernonia (Asteraceae) [63].

The sixth cluster, in cyan (1-6), is aimed at the effect of extraction solvent/technique on the
antioxidant activity. One of the most cited publications in this regard studies the effects on barks
of Azadirachta indica, Acacia nilotica, Eugenia jambolana, Terminalia arjuna, leaves and roots of Moringa
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oleifera, fruit of Ficus religiosa, and leaves of Aloe barbadensis [64]. Regarding neuroprotection, some
publications are the related to genus Peucedanum [65] or Bacopa monnieri [66]. This cluster is among the
clusters of traditional medicine (1-1) and drug efficacy (1-5).

Finally, the seventh orange cluster (1-7) is of small relative importance within this cluster analysis
and is focused on malaria. As it is known, malaria is one of the most lethal diseases in the world every
year [67]. Malaria causes nearly half a million deaths and was estimated at over 200 million cases,
90 per cent of which occurred in African countries [68]. Of the Plasmodium species affecting humans,
Plasmodium falciparum causes the most deaths, although Plasmodium vivax is the most widely spread
except in sub-Saharan Africa [69]. On the other hand, this cluster cites Plasmodium berghei, which
mainly affects mice, and is often used as a model for testing medicines or vaccines [70].

The second period under study, from 2015 to 2019, is shown in Figure 10, where five clusters have
been identified, Table 7, as opposed to the previous period which was seven. Now, there is no cluster
focusing on malaria. In Figure 10, the colors of the cluster have been unified with those of Figure 9,
when the clusters have the same topic as in the previous period.
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Table 7. Main keywords used by the communities detected in the topic in the period 2015-2019.

Cluster Color Main Keywords Topic
21 Red Unclassified drug, c.hemlstry, pla.nt extract, Unclassified drug
phytochemistry, flavonoid
20 Green Traditional medicine, herbaceous agent', phytotherapy, Traditional medicine
ethnopharmacology, drug efficacy
23 Blue In vitro study, huma.n. cell, antme.oplastlc agent, Cancer
cytotoxicity, apoptosis

94 Cvan In vivo study, male, oxidative stress, animal tissue, rat,  In vivo study- antidiabetic

y antidiabetic activity, liver protection activity
Metabolism, animal, anti-inflammatory activity, mouse, Animals-
2-5 Purple .. ..
dose response Anti-inflammatory activity

The first cluster in order of importance (2-1), the red one in Figure 10, can be seen to be that of
unclassified drug, which has gone from fourth place (1-4) to first in this last period. In this period,
research works include one on the therapeutic potential of spirooxindoles as antiviral agents [71], or
the antimicrobial peptides from plants [72].

The second cluster of this last period (2-2), the one in green in Figure 10, is the one assigned to
traditional medicine, which has now moved up to second place (1-1) in decreasing order of significance.
It seems that this cluster of traditional medicine is now the merging with the drug efficacy cluster
of the previous period (1-4). This cluster includes research such as oxidative stress and Parkinson’s
disease [73].

The cluster from the previous period that was devoted to animals-in vivo study (1-3), we assume is
now divided into three new clusters. The first of these would be the third cluster (2-3), blue in Figure 10,
which can be considered to be dedicated to cancer. One of the works in this cluster is “Anticancer
activity of silver nanoparticles from Panax ginseng fresh leaves in human cancer cells” [74]. Then, the
other two are committed to in vivo studies or with animals. The first one seems to be more engaged
in vivo study at antidiabetic activity [75,76], would be the cyan-colored cluster 4 (2-4). The other cluster
(2-5) involved in testing anti-inflammatory activity, with plants such as Curcumin [77], Rosmarinus
officinalis [78], would be the purple cluster in Figure 10.

3.8. Collaboration Network of Countries

Figure 11 shows the collaborative network between countries doing research on medicinal plants.
Table 8 lists the countries of each cluster identified and the main country of each cluster. The countries
that are most central to this network of collaboration between countries are India, Iran, Indonesia, and
the USA. The largest cluster is led by Brazil, which is also not restricted to its own geographical area as
it has strong collaborative links with European countries as well as with neighboring countries such
as Argentina. The second cluster led by South Africa also presents the same features as the previous
one, some collaborations with nearby countries, Tanzania, Congo, or Sudan, but also with European
countries such as France, Belgium, or the Netherlands.

The third cluster is led by India and has very strong collaboration with Iran, but it could also be
considered as the central country in the whole international collaboration network. The cooperation
with European countries comprises mainly Eastern countries like Poland, Serbia, or Croatia.

The fourth cluster, led by Germany and Pakistan, includes Middle Eastern countries such as
Jordan, Saudi Arabia, and United Arab Emirates, which are quite related to the cluster led by China.
The fifth cluster seems to have a geographical consideration within Asia by including countries such as
Indonesia, Malaysia, Thailand, and Australia. The sixth cluster includes very technologically advanced
countries such as USA, UK, Japan, Canada, or South Korea. The seventh cluster is very small in the
number of countries. It is made up of very different countries like some in Africa: Cameroon and
Kenya; some of Europe as Denmark, and some from Asia like Nepal. In this sense, most of the research
linked to African countries in general and to Cameroon particularly is linked to the most frequent
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parasitic diseases [79], such as African trypanosomiasis [80], diarrhea [81] or tuberculosis [82]. Finally,
the China cluster is made up of nearby areas of influence such as Taiwan, Singapore, Hong Kong,
Macau, or Taiwan.
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Figure 11. Countries network collaboration.
Table 8. Countries collaboration in the period 2009-2019.
Cluster Color Main Countries Number of Countries Leader

1 Green Brazil, Italy, Turkey, Spain 16 Brazil
2 Grey South Africa, Belgium, France, Morocco 14 South Africa
3 Blue India, Iran, Iraq, Chile 12 India
4 Yellow  Germany, Pakistan, Saudi Arabia, Egypt 12 Pakistan
5 Purple Indonesia, Malaysia, Thailand, Australia 10 Indonesia
6 Cian USA, UK, Japan, Canada, South Korea 8 USA
7 Orange Cameroon, Kenya, Denmark, Nepal 5 Cameroon
8 Red China, Taiwan, Singapore, Hong Kong 5 China

4. Conclusions

The use of plants as a source of research in the search for active compounds for medicine has been
proven to have a significant scientific output. An analysis of the scientific literature indexed in the
Scopus database concerning medicinal plants clearly shows that in the last 20 years, progress has been
rapid, with a peak in 2010. From this year onwards, publications have stabilized at just over 5000
per year.

The research of products derived from the plants shows great collaboration between the countries
of the first world and the countries with a traditional use of these plants from Asia, Africa or Latin
Anmerica, all this to produce new medicines with scientific tests of safety and effectiveness. Within the
analysis of the different clusters of collaboration between countries, there are four from Asia, led
by China, India, Indonesia and Pakistan; two from Africa, led by South Africa and Cameroon, and
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then one from Latin America, led by Brazil and another from North America, led by the USA. It has
been proven that there is no cluster of European countries, but that they generally collaborate with
countries with which they have a commercial relationship. The research of medicinal plants in Africa
is greatly underdeveloped, in contrast with China and India. In fact, there is no African country among
the countries that published the most in this field. Among the first 25 institutions there is only one
that belongs to the African continent. From this top 25, 13 are from China (including the first 7), 3
from Brazil, 2 from South Korea, and 1 of Saudi Arabia, Pakistan, Iran, Mexico, Cameroon, France,
and Malaysia.

The most widely used search terms by the main institutions researching in this field are Unclassified
Drug, Plant Extract, and Controlled Study. From the study of the keywords in the period from
2009 to 2014, seven clusters have been found, those dedicated to: Traditional medicine, Drug
determination, Animals-in vivo study, Unclassified drug, Drug efficacy, Effect of extraction solvent,
and Malaria. Subsequently, from the period 2015 to 2019, the clusters are reduced to five, and those
focused on: Unclassified drug, Traditional medicine, Cancer, In vivo study—antidiabetic activity, and
Animals—anti-inflammatory activity.

This is proven by the fact that of the total number of publications analyzed, more than 100,000,
only 11% are in the Agricultural and Biological Sciences category, while more than 50% are grouped
in the Pharmacology, Toxicology and Pharmaceutics category and Medicine. This study highlights
the scarce research from the agronomic perspective regarding domestication, production or genetic or
biotechnological research on breeding of medicinal plants.

Author Contributions: E.S.-M., ].A.G.-C. and EM.-A. conceived the research, designed the search, and wrote the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank to the CIAIMBITAL (University of Almeria, CeiA3) for
its support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Fonnegra, EG. Plantas Medicinales Aprobadas en Colombia; University of Antioquia: Antioquia, Colombia, 2007.

2. Joppa, L.N.; Roberts, D.L.; Myers, N.; Pimm, S.L. Biodiversity hotspots house most undiscovered plant
species. Proc. Natl. Acad. Sci. USA 2011, 108, 13171-13176. [CrossRef] [PubMed]

3. Pimm, S.L; Jenkins, C.N.; Abell, R.; Brooks, T.M.; Gittleman, J.L.; Joppa, L.N.; Sexton, J.O. The biodiversity
of species and their rates of extinction, distribution, and protection. Science 2014, 344, 1246752. [CrossRef]
[PubMed]

4. Grover, ] K,; Yadav, S.; Vats, V. Medicinal plants of India with anti-diabetic potential. J. Ethnopharmacol.
2002, 81, 81-100. [CrossRef]

5. Kunle, O.E; Egharevba, H.O.; Ahmadu, P.O. Standardization of herbal medicines-A review. Int. J.
Biodivers. Conserv. 2012, 4, 101-112. [CrossRef]

6.  WHO. World Health Organization. General Guidelines for Methodologies on Research and Evaluation of
Traditional Medicine. 2000. Available online: https://apps.who.int/iris/bitstream/handle/10665/66783/WHO_
EDM_TRM_2000.1.pdf (accessed on 12 May 2020).

7.  Gurib-Fakim, A. Medicinal plants: Traditions of yesterday and drugs of tomorrow. Mol. Asp. Med.
2006, 27, 1-93. [CrossRef]

8. Houghton, PJ. The role of plants in traditional medicine and current therapy. J. Altern. Complementary Med.
1995, 1, 131-143. [CrossRef]

9. Kinghorn, A.D.; Seo, E.K. Plants as Sources of Drugs. ACS Symposium Series, Vol. 647. Agricultural
Materials as Renewable Resources, Chapter 12, pp. 179-193. Available online: https://pubs.acs.org/doi/abs/
10.1021/bk-1996-0647.ch012 (accessed on 12 May 2020).

10. Jones, W.P; Chin, Y.W.; Kinghorn, A.D. The role of pharmacognosy in modern medicine and pharmacy.
Curr. Drug Targets 2006, 7, 247-264. [CrossRef]


http://dx.doi.org/10.1073/pnas.1109389108
http://www.ncbi.nlm.nih.gov/pubmed/21730155
http://dx.doi.org/10.1126/science.1246752
http://www.ncbi.nlm.nih.gov/pubmed/24876501
http://dx.doi.org/10.1016/S0378-8741(02)00059-4
http://dx.doi.org/10.5897/IJBC11.163
https://apps.who.int/iris/bitstream/handle/10665/66783/WHO_EDM_TRM_2000.1.pdf
https://apps.who.int/iris/bitstream/handle/10665/66783/WHO_EDM_TRM_2000.1.pdf
http://dx.doi.org/10.1016/j.mam.2005.07.008
http://dx.doi.org/10.1089/acm.1995.1.131
https://pubs.acs.org/doi/abs/10.1021/bk-1996-0647.ch012
https://pubs.acs.org/doi/abs/10.1021/bk-1996-0647.ch012
http://dx.doi.org/10.2174/138945006776054915

Int. |. Environ. Res. Public Health 2020, 17, 3376 17 of 20

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Faridi, P; Zarshenas, M.M.; Abolhassanzadeh, Z.; Mohagheghzadeh, A. Collection and storage of medicinal
plants in The Canon of Medicine. Pharmacogn. . 2010, 2, 216-218. [CrossRef]

Koh, G. The Canon of Medicine (Al-Qanun fi'l-tibb) By Ibn Sina (Avicenna) 11th century. BMJ 2009, 339, b5358.
[CrossRef]

Reeds, K.M. Renaissance humanism and botany. Ann. Sci. 1976, 33, 519-542. [CrossRef]

Atanasov, A.G.; Waltenberger, B.; Pferschy-Wenzig, E.M.; Linder, T.; Wawrosch, C.; Uhrin, P,; Rollinger, ].M.
Discovery and resupply of pharmacologically active plant-derived natural products: A review. Biotechnol. Adv.
2015, 33, 1582-1614. [CrossRef] [PubMed]

Gertsch, ]. How scientific is the science in ethnopharmacology? Historical perspectives and epistemological
problems. J. Ethnopharmacol. 2009, 122, 177-183. [CrossRef] [PubMed]

Arceusz, A.; Radecka, I.; Wesolowski, M. Identification of diversity in elements content in medicinal plants
belonging to different plant families. Food Chem. 2010, 120, 52-58. [CrossRef]

Salmerén-Manzano, E.; Manzano-Agugliaro, F. Worldwide Research on Low Cost Technologies through
Bibliometric Analysis. Inventions 2020, 5, 9. [CrossRef]

Chan, K. Some aspects of toxic contaminants in herbal medicines. Chemosphere 2003, 52, 1361-1371. [CrossRef]
Adoum, O.A. Determination of toxicity levels of some savannah plants using brine shrimp test (BST). Bayero.
J. Pure Appl. Sci. 2009, 2, 135-138.

Li, S.Y.; Zhang, B.L.; Tan, EP. Glycopenia coma caused by taking both dimethylbiguanide and Momordica
charantia buccal tablet in one patient. Chin. J. New Drugs Clin. Remedies 2004, 23, 189-190.

Basch, E.; Gabardi, S.; Ulbricht, C. Bitter melon (Momordica charantia): A review of efficacy and safety. Am. J.
Health Syst. Pharm. 2003, 60, 356-359. [CrossRef]

Street, R.A.; Stirk, W.A.; Van Staden, J. South African traditional medicinal plant trade—challenges in
regulating quality, safety and efficacy. J. Ethnopharmacol. 2008, 119, 705-710. [CrossRef]

Masondo, N.A.; Makunga, N.P. Advancement of analytical techniques in some South African commercialized
medicinal plants: Current and future perspectives. S. Afr. |. Bot. 2019, 126, 40-57. [CrossRef]

Viljoen, A.; Sandasi, M.; Vermaak, I. The role of the South African Journal of Botany as a vehicle to promote
medicinal plant research—A bibliometric appraisal. S. Afr. J. Bot. 2019, 122, 3-10. [CrossRef]

Masondo, N.A; Stafford, G.I.; Aremu, A.O.; Makunga, N.P. Acetylcholinesterase inhibitors from southern
African plants: An overview of ethnobotanical, pharmacological potential and phytochemical research
including and beyond Alzheimer’s disease treatment. S. Afr. J. Bot. 2019, 120, 39-64. [CrossRef]
TchuifonTchuifon, D.; Fu, H.Z.; Ho, Y.S. Cameroon publications in the Science Citation Index Expanded:
Bibliometric analysis. Revista De Biologia Trop. 2017, 65, 1582-1591. [CrossRef]

Thomford, N.E.; Dzobo, K.; Chopera, D.; Wonkam, A.; Skelton, M.; Blackhurst, D.; Dandara, C.
Pharmacogenomics implications of using herbal medicinal plants on African populations in health transition.
Pharmaceuticals 2015, 8, 637-663. [CrossRef]

Fernandez, B.E.; Armas, R.C. Cuban scientific production about medicinal plants and natural products from
PlantMedCUBA database, 1967-2010. Revista Cubana De Plantas Medicinales 2013, 18, 348-360.

Zhang, G.; Si, J.; Zhu, Y. Bibliometrics of woody medical plants in China. China J. Chin. Mater. Med.
2010, 35, 654—657.

Xu, W.; Zou, Z,; Pei, ].; Huang, L. Longitudinal trend of global artemisinin research in chemistry subject
areas (1983-2017). Bioorg. Med. Chem. 2018, 26, 5379-5387. [CrossRef]

Gupta, B.M.; Ahmed, K.M.; Dhawan, S.M.; Gupta, R. Aloe Vera (Medicinal Plant) research: A scientometric
assessment of global publications output during 2007-16. Pharmacogn. J. 2018. [CrossRef]

Xu, W.; Choi, HK,; Huang, L. State of Panax ginseng research: A global analysis. Molecules 2017, 22, 1518.
[CrossRef]

Al-Qallaf, C.L. A bibliometric analysis of the Punica grantum L. literature. Malays. J. Libr. Inf. Sci.
2017, 14, 83-103.

Ram, S. A bibliometric assessment of apocynin (Apocynum cannabinum) research. Ann. Libr. Inf. Stud. (ALIS)
2013, 60, 149-158.

Gupta, B.M.; Ahmed, K.M.; Bansal, J.; Bansal, M. Andrographis paniculata Global Publications Output:
A Bibliometric Assessment during 2003-18. Int. . Pharm. Investig. 2019, 9, 101-108. [CrossRef]


http://dx.doi.org/10.1016/S0975-3575(10)80096-3
http://dx.doi.org/10.1136/bmj.b5358
http://dx.doi.org/10.1080/00033797600200481
http://dx.doi.org/10.1016/j.biotechadv.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26281720
http://dx.doi.org/10.1016/j.jep.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19185054
http://dx.doi.org/10.1016/j.foodchem.2009.09.068
http://dx.doi.org/10.3390/inventions5010009
http://dx.doi.org/10.1016/S0045-6535(03)00471-5
http://dx.doi.org/10.1093/ajhp/60.4.356
http://dx.doi.org/10.1016/j.jep.2008.06.019
http://dx.doi.org/10.1016/j.sajb.2019.06.037
http://dx.doi.org/10.1016/j.sajb.2018.07.024
http://dx.doi.org/10.1016/j.sajb.2018.09.011
http://dx.doi.org/10.15517/rbt.v65i4.27101
http://dx.doi.org/10.3390/ph8030637
http://dx.doi.org/10.1016/j.bmc.2018.09.030
http://dx.doi.org/10.5530/pj.2018.3.65
http://dx.doi.org/10.3390/molecules22091518
http://dx.doi.org/10.5530/ijpi.2019.3.20

Int. |. Environ. Res. Public Health 2020, 17, 3376 18 of 20

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Ortega-Cuadros, M.; Tofifio-Rivera, A.P. Exploratory review of the antibacterial and antifungal activity of
Lippia alba (Mill.) N. E. Br (bushy matgrass). Revista Cubana De Plantas Medicinales. 2019, 24. Available online:
http://www.revplantasmedicinales.sld.cu/index.php/pla/article/view/771/361 (accessed on 12 May 2020).
Ahmed, KM.; Gupta, B.M. India’s contribution on antioxidants: A bibliometric analysis, 2001-2010.
Scientometrics 2013, 94, 741-754. [CrossRef]

Basu, T.; Mallik, A.; Mandal, N. Evolving importance of anticancer research using herbal medicine:
A scientometric analysis. Scientometrics 2017, 110, 1375-1396. [CrossRef]

Yeung, A.W.K,; El-Demerdash, A.; Berindan-Neagoe, I.; Atanasov, A.G.; Ho, Y.S. Molecular responses of
cancers by natural products: Modifications of autophagy revealed by literature analysis. Crit. Rev. ™ Oncog.
2018, 23, 5-6. [CrossRef]

Du, J.; Tang, X.L. Natural products against cancer: A comprehensive bibliometric study of the research
projects, publications, patents and drugs. J. Cancer Res. Ther. 2014, 10, 27.

Gimenez, E.; Salinas, M.; Manzano-Agugliaro, F. Worldwide research on plant defense against biotic stresses
as improvement for sustainable agriculture. Sustainability 2018, 10, 391. [CrossRef]

Montoya, F.G.; Alcayde, A.; Bafios, R.; Manzano-Agugliaro, F. A fast method for identifying worldwide
scientific collaborations using the Scopus database. Telemat. Inform. 2018, 35, 168-185. [CrossRef]

Novas, N.; Alcayde, A.; El Khaled, D.; Manzano-Agugliaro, F. Coatings in Photovoltaic Solar Energy
Worldwide Research. Coatings 2019, 9, 797. [CrossRef]

la Cruz-Lovera, D.; Perea-Moreno, A.].; la Cruz-Fernandez, D.; Alvarez-Bermejo, J.A.; Manzano-Agugliaro, F.
Worldwide research on energy efficiency and sustainability in public buildings. Sustainability 2017, 9, 1294.
[CrossRef]

Cai, Y.; Luo, Q.; Sun, M,; Corke, H. Antioxidant activity and phenolic compounds of 112 traditional Chinese
medicinal plants associated with anticancer. Life Sci. 2004, 74, 2157-2184. [CrossRef]

Lobo, V,; Patil, A.; Phatak, A.; Chandra, N. Free radicals, antioxidants and functional foods: Impact on
human health. Pharmacogn. Rev. 2010, 4, 118. [CrossRef]

Devasagayam, T.P.A.; Tilak, J.C.; Boloor, K.K.; Sane, K.S.; Ghaskadbi, S.S.; Lele, R.D. Free radicals and
antioxidants in human health: Current status and future prospects. J. Assoc. Physicians India 2004, 52, 4.
Zheng, W.; Wang, S.Y. Antioxidant activity and phenolic compounds in selected herbs. J. Agric. Food Chem.
2001, 49, 5165-5170. [CrossRef]

Hammer, K.A.; Carson, C.F; Riley, T.V. Antimicrobial activity of essential oils and other plant extracts.
J. Appl. Microbiol. 1999, 86, 985-990. [CrossRef]

Baker, EJ.; Valenzuela, C.A.; De Souza, C.O.; Yaqoob, P; Miles, E.A.; Calder, P.C. Comparative
anti-inflammatory effects of plant-and marine-derived omega-3 fatty acids explored in an endothelial
cell line. Mol. Cell Biol. Lipids 2020, 1865, 158662. [CrossRef]

Rocha, EG.; de Mello Brandenburg, M.; Pawloski, P.L.; da Silva Soley, B.; Costa, S.C.A.; Meinerz, C.C.;
Cabrini, D.A. Preclinical study of the topical anti-inflammatory activity of Cyperus rotundus L. extract
(Cyperaceae) in models of skin inflammation. J. Ethnopharmacol. 2020, 254, 112709. [CrossRef]

Ranilla, L.G.; Kwon, Y.I; Apostolidis, E.; Shetty, K. Phenolic compounds, antioxidant activity and in vitro
inhibitory potential against key enzymes relevant for hyperglycemia and hypertension of commonly used
medicinal plants, herbs and spices in Latin America. Bioresour. Technol. 2010, 101, 4676—4689. [CrossRef]
Gullett, N.P.; Amin, A.R.; Bayraktar, S.; Pezzuto, ].M.; Shin, D.M.; Khuri, ER.; Kucuk, O. Cancer prevention
with natural compounds. Semin. Oncol. 2010, 37, 258-281. [CrossRef]

Patel, D.K; Prasad, S.K.; Kumar, R.; Hemalatha, S. An overview on antidiabetic medicinal plants having
insulin mimetic property. Asian Pac. J. Trop. Biomed. 2012, 2, 320-330. [CrossRef]

Cragg, G.M.; Newman, D.J. Natural products: A continuing source of novel drug leads. Biochim. Biophys.
Acta (BBA) 2013, 1830, 3670-3695. [CrossRef] [PubMed]

Tiwari, B.K.; Valdramidis, V.P.; O’Donnell, C.P.; Muthukumarappan, K.; Bourke, P.; Cullen, PJ. Application of
natural antimicrobials for food preservation. J. Agric. Food Chem. 2009, 57, 5987-6000. [CrossRef] [PubMed]
Riella, K.R.; Marinho, R.R.; Santos, J.S.; Pereira-Filho, R.N.; Cardoso, J.C.; Albuquerque-Junior, R.L.C,;
Thomazzi, S.M. Anti-inflammatory and cicatrizing activities of thymol, a monoterpene of the essential oil
from Lippia gracilis, in rodents. J. Ethnopharmacol. 2012, 143, 656-663. [CrossRef] [PubMed]


http://www.revplantasmedicinales.sld.cu/index.php/pla/article/view/771/361
http://dx.doi.org/10.1007/s11192-012-0700-2
http://dx.doi.org/10.1007/s11192-016-2223-8
http://dx.doi.org/10.1615/CritRevOncog.2018027566
http://dx.doi.org/10.3390/su10020391
http://dx.doi.org/10.1016/j.tele.2017.10.010
http://dx.doi.org/10.3390/coatings9120797
http://dx.doi.org/10.3390/su9081294
http://dx.doi.org/10.1016/j.lfs.2003.09.047
http://dx.doi.org/10.4103/0973-7847.70902
http://dx.doi.org/10.1021/jf010697n
http://dx.doi.org/10.1046/j.1365-2672.1999.00780.x
http://dx.doi.org/10.1016/j.bbalip.2020.158662
http://dx.doi.org/10.1016/j.jep.2020.112709
http://dx.doi.org/10.1016/j.biortech.2010.01.093
http://dx.doi.org/10.1053/j.seminoncol.2010.06.014
http://dx.doi.org/10.1016/S2221-1691(12)60032-X
http://dx.doi.org/10.1016/j.bbagen.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23428572
http://dx.doi.org/10.1021/jf900668n
http://www.ncbi.nlm.nih.gov/pubmed/19548681
http://dx.doi.org/10.1016/j.jep.2012.07.028
http://www.ncbi.nlm.nih.gov/pubmed/22885071

Int. |. Environ. Res. Public Health 2020, 17, 3376 19 of 20

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Babu, N.P; Pandikumar, P.; Ignacimuthu, S. Anti-inflammatory activity of Albizia lebbeck Benth,
an ethnomedicinal plant, in acute and chronic animal models of inflammation. . Ethnopharmacol.
2009, 125, 356-360. [CrossRef]

Lopez-Lazaro, M. Distribution and biological activities of the flavonoid luteolin. Mini Rev. Med. Chem.
2009, 9, 31-59. [CrossRef]

Kumar, S.; Pandey, A.K. Chemistry and biological activities of flavonoids: An overview. Sci. World ].
2013, 162750. [CrossRef]

Shang, X.; He, X.; He, X.; Li, M.; Zhang, R.; Fan, P; Jia, Z. The genus Scutellaria an ethnopharmacological and
phytochemical review. J. Ethnopharmacol. 2010, 128, 279-313. [CrossRef]

Ma, H.; He, X.; Yang, Y.; Li, M.; Hao, D.; Jia, Z. The genus Epimedium: An ethnopharmacological and
phytochemical review. J. Ethnopharmacol. 2011, 134, 519-541. [CrossRef]

Toyang, N.J.; Verpoorte, R. A review of the medicinal potentials of plants of the genus Vernonia (Asteraceae).
J. Ethnopharmacol. 2013, 146, 681-723. [CrossRef]

Sultana, B.; Anwar, F; Ashraf, M. Effect of extraction solvent/technique on the antioxidant activity of selected
medicinal plant extracts. Molecules 2009, 14, 2167-2180. [CrossRef]

Sarkhail, P. Traditional uses, phytochemistry and pharmacological properties of the genus Peucedanum:
A review. J. Ethnopharmacol. 2014, 156, 235-270. [CrossRef]

Saini, N.; Singh, D.; Sandhir, R. Neuroprotective effects of Bacopa monnieri in experimental model of
dementia. Neurochem. Res. 2012, 37, 1928-1937. [CrossRef]

Garrido-Cardenas, J.A.; Gonzalez-Cerdn, L.; Manzano-Agugliaro, F.; Mesa-Valle, C. Plasmodium genomics:
An approach for learning about and ending human malaria. Parasitol. Res. 2019, 118, 1-27. [CrossRef]
Garrido-Cardenas, J.A.; Manzano-Agugliaro, F.; Gonzalez-Ceron, L.; Gil-Montoya, F.; Alcayde-Garcia, A.;
Novas, N.; Mesa-Valle, C. The Identification of Scientific Communities and Their Approach to Worldwide
Malaria Research. Int. |. Environ. Res. Public Health 2018, 15, 2703. [CrossRef]

Garrido-Cardenas, J.A.; Cebrian-Carmona, J.; Gonzalez-Cerén, L.; Manzano-Agugliaro, F.; Mesa-Valle, C.
Analysis of Global Research on Malaria and Plasmodium vivax. Int. ]. Environ. Res. Public Health
2019, 16, 1928. [CrossRef]

Garrido-Cardenas, J.A.; Mesa-Valle, C.; Manzano-Agugliaro, F. Genetic approach towards a vaccine against
malaria. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 1829-1839. [CrossRef]

Ye, N.; Chen, H.; Wold, E.A.; Shi, P.Y.; Zhou, J. Therapeutic potential of spirooxindoles as antiviral agents.
ACS Infect. Dis. 2016, 2, 382-392. [CrossRef]

Broekaert, W.F.; Cammue, B.P.; De Bolle, M.F.; Thevissen, K.; De Samblanx, G.W.; Osborn, R.W.; Nielson, K.
Antimicrobial peptides from plants. Crit. Rev. Plant Sci. 1997, 16, 297-323. [CrossRef]

Sarrafchi, A.; Bahmani, M.; Shirzad, H.; Rafieian-Kopaei, M. Oxidative stress and Parkinson’s disease: New
hopes in treatment with herbal antioxidants. Curr. Pharm. Des. 2016, 22, 238-246. [CrossRef]
Castro-Aceituno, V.; Ahn, S.; Simu, S.Y.; Singh, P.; Mathiyalagan, R.; Lee, H.A.; Yang, D.C. Anticancer
activity of silver nanoparticles from Panax ginseng fresh leaves in human cancer cells. Biomed. Pharmacother.
2016, 84, 158-165. [CrossRef]

Rios, ]J.L.; Francini, F,; Schinella, G.R. Natural products for the treatment of type 2 diabetes mellitus. Planta Med.
2015, 81, 975-994. [CrossRef] [PubMed]

Xu, L,; Li, Y;; Dai, Y.; Peng, J. Natural products for the treatment of type 2 diabetes mellitus: Pharmacology
and mechanisms. Pharmacol. Res. 2018, 130, 451-465. [CrossRef] [PubMed]

Pulido-Moran, M.; Moreno-Fernandez, J.; Ramirez-Tortosa, C.; Ramirez-Tortosa, M. Curcumin and health.
Molecules 2016, 21, 264. [CrossRef]

Rocha, J.; Eduardo-Figueira, M.; Barateiro, A.; Fernandes, A.; Brites, D.; Bronze, R.; Fernandes, E.
Anti-inflammatory effect of rosmarinic acid and an extract of Rosmarinus officinalis in rat models of
local and systemic inflammation. Basic Clin. Pharmacol. Toxicol. 2015, 116, 398-413. [CrossRef]
Garrido-Cardenas, J.A.; Mesa-Valle, C.; Manzano-Agugliaro, F. Human parasitology worldwide research.
Parasitology 2018, 145, 699-712. [CrossRef]

Kamte, S.L.N.; Ranjbarian, F; Campagnaro, G.D.; Nya, P.C.B.; Mbuntcha, H.; Woguem, V.; Benelli, G.
Trypanosoma brucei inhibition by essential oils from medicinal and aromatic plants traditionally used
in Cameroon (Azadirachta indica, Aframomum melegueta, Aframomum daniellii, Clausena anisata,
Dichrostachys cinerea and Echinops giganteus). Int. ]. Environ. Res. Public Health 2017, 14, 737. [CrossRef]


http://dx.doi.org/10.1016/j.jep.2009.02.041
http://dx.doi.org/10.2174/138955709787001712
http://dx.doi.org/10.1155/2013/162750
http://dx.doi.org/10.1016/j.jep.2010.01.006
http://dx.doi.org/10.1016/j.jep.2011.01.001
http://dx.doi.org/10.1016/j.jep.2013.01.040
http://dx.doi.org/10.3390/molecules14062167
http://dx.doi.org/10.1016/j.jep.2014.08.034
http://dx.doi.org/10.1007/s11064-012-0811-4
http://dx.doi.org/10.1007/s00436-018-6127-9
http://dx.doi.org/10.3390/ijerph15122703
http://dx.doi.org/10.3390/ijerph16111928
http://dx.doi.org/10.1007/s10096-018-3313-8
http://dx.doi.org/10.1021/acsinfecdis.6b00041
http://dx.doi.org/10.1080/07352689709701952
http://dx.doi.org/10.2174/1381612822666151112151653
http://dx.doi.org/10.1016/j.biopha.2016.09.016
http://dx.doi.org/10.1055/s-0035-1546131
http://www.ncbi.nlm.nih.gov/pubmed/26132858
http://dx.doi.org/10.1016/j.phrs.2018.01.015
http://www.ncbi.nlm.nih.gov/pubmed/29395440
http://dx.doi.org/10.3390/molecules21030264
http://dx.doi.org/10.1111/bcpt.12335
http://dx.doi.org/10.1017/S0031182017001718
http://dx.doi.org/10.3390/ijerph14070737

Int. |. Environ. Res. Public Health 2020, 17, 3376 20 of 20

81. Njume, C.; Goduka, N.I. Treatment of diarrhoea in rural African communities: An overview of measures to
maximise the medicinal potentials of indigenous plants. Int. J. Environ. Res. Public Health 2012, 9, 3911-3933.
[CrossRef] [PubMed]

82. Garrido-Cardenas, J.A.; de Lamo-Sevilla, C.; Cabezas-Fernandez, M.T.; Manzano-Agugliaro, F;
Martinez-Lirola, M. Global tuberculosis research and its future prospects. Tuberculosis 2020, 121, 101917.
[CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.3390/ijerph9113911
http://www.ncbi.nlm.nih.gov/pubmed/23202823
http://dx.doi.org/10.1016/j.tube.2020.101917
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Global Evolution Trend 
	Global Subject Category 
	Distribution of Publications by Countries 
	Institutions (Affiliations) 
	Authors 
	Keywords 
	Global Perspective 
	Keywords Related to Plants 

	Clusters 
	Collaboration Network of Countries 

	Conclusions 
	References

