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a  b  s  t  r  a  c  t

The  aim  of our  study  was  to  investigate  the  intrinsic  diversity  of  genus  based  on  chemical  composition  of
natural  extracts  of  Cacalia,  Dracocephalum, Jatropha,  Saussurea  and  Senecio.  Four  rarefaction  approaches
(richness,  Shannon’s  entropy,  Simpson’s  diversity,  and  max-entropy)  were  implemented  as  an  algorithm
and  run  10,000  times.  Our results  showed  similar  patterns  of  richness  in  natural  compounds  according
vailable online 24 August 2013
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to genus  and  of Simpson’s  diversity  index  while  max-entropy  has a similar  pattern  as  Shannon’s  entropy.
The analysis  of  both  richness  in  active  compounds  and  weight  of  most  frequent  extracted  compound
revealed  that  Dracocephalum  genus  is  most  suitable  for propagation.

©  2013  Elsevier  B.V.  All  rights  reserved.
ompounds richness

. Introduction

Plant phylogeny refers to the description of the evolutionary
istory of related species plant groups. Different information that

s not limited to morphological characters [1,2], molecular [3] or
enome-scale data [4] had their contribution to a phylogeny [5].

Plant extracts, and thus plant composition, are used as thera-
eutics from ancient times [6] and are sometimes seen as source
f active compounds for new drugs [7,8]. Antibacterial effect of

 series of medicinal plant extracts and/or oils have already been
dentified (Terminallia chebula [9], Garcinia kola [10], Pterygota

acrocarpa and Cola gigantea [11], Cryptolepine sanguinolenta
12], Quercus dilatata L. [13], Rhus coriaria L. [14], Launaea resed-
folia L. [15], etc.). Furthermore, the plants extracts are also used
or their anti-inflammatory activities (mangrove plants [16],
aesalpinia ferrea [17]). Beside those main effects, other effects
uch as anti-oxidant (Myrtus communis,  Smilax aspera,  Lavandula
toechas, and Calamintha nepeta [18]), anticancer (Zingiber offic-
nale Roscoe., Atractylodes lancea (Thung.) DC., Piper chaba Hunt.
19]), immunomodulation (triterpenoids ursolic acid and lupeol
xtracted from Eucalyptus tereticornis and Gentiana kurroo [20]),
nti-viral (anti-herpes simplex virus type 1 activity of oxyresver-

trol extracted from Artocarpus lakoocha [21]) had been identified.

The biological activity of plant extracts are of interest due to
heir specific activities such as anti-viral [22] and antibacterial

∗ Corresponding author. Tel.: +40 750 774506; fax: +40 264 593847.
E-mail addresses: sbolboaca@umfcluj.ro, sbolboaca@gmail.com (S.D. Bolboacă).

877-7503/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jocs.2013.08.002
[23,24], anticancer therapeutics [25], neuroprotection [26],
antiliver fibrosis [27], and the list could continue. The identification
of those extracts with specific biological activity is of main interest
in order to integrate the knowledge and to develop new plant-
derived drugs [28,29]. The analysis of biological activity of plant
extracts is an interdisciplinary approach and moved from a simple
observation to integrated approaches (involving analytical chem-
istry, synthesis, molecular biology, proteomics, chemoinformatics,
bioinformatics, etc.). Huge amounts of various data regarding
activity and/or action mechanisms of plant extracts are available
[30–34]. Integrating these amounts of disperses data could bring
knowledge of important relevance and may  provide a measureless
resource for future discovery of biomedical relevant compounds.

The aim of our study was  to conduct a differentiation analysis
using rarefaction approach among genera regarding natural rich-
ness in active compounds and to provide the expression of the
diversity as function of number of plants that belong to a genus.

2. Materials and methods

The chemical composition of five genera, represented by Cacalia
[35] (NE of Asia & America & SW and NW of China), Dracocephalum
[36] (North and South America & Europe & Asia), Jatropha [37]
(America & Africa (tropical and subtropical)), Saussurea [38] (Asia
& Europe), and Senecio [39] (worldwide), represented the material

of our research. The main characteristics of the genera included in
the study are summarized in Table 1.

The names of compounds as well as the source of compounds for
each investigated genus are available as supplementary materials

dx.doi.org/10.1016/j.jocs.2013.08.002
http://www.sciencedirect.com/science/journal/18777503
http://www.elsevier.com/locate/jocs
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocs.2013.08.002&domain=pdf
mailto:sbolboaca@umfcluj.ro
mailto:sbolboaca@gmail.com
dx.doi.org/10.1016/j.jocs.2013.08.002
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Table 1
Main characteristics of investigated genera.

Genus (no. of plantsa) Familya Main activity No. of Compb (no. of Specieb)

Cacalia (1008) Compositae Antioxidative; Antimicrobial; Antitumor; Citotoxic 109 (13)
Dracocephalum (231) Lamiaceae Antioxidant; Antihypoxic; Antimicrobial; Antitumor; Cardiovascular

Protective Effect; Immunomodulatory; Trypanocidal
246 (12)

Jatropha (567) Euphorbiaceae Anticoagulant and coagulant; Antiinflammatory; Antitumor;
Antibacterial; Antidiarrheal; Antiviral; Pregnancy-Terminating Effect

143 (26)

Saussurea (1054) Compositae Antioxidant; Antiinflammatory; Antitumor; Antimicrobial;
Antiparastic; Antifeedant; Anti-Ulcer and Cholagogic;
Hepatoprotective; Immunosuppressive; Spasmolytic; CNS Depressant

216 (22)

Senecio (6183) Compositae Antibacterial; Antifungal; Antiinflammatory; Antiulcer; Antifeedand
effect; Antimitotic Effect; Cytotoxic (human hepatom cell line Huh-7);
Angiotensin-Converting Enzyme Inhibitory; Activity; Insecticidal;
Neurotoxic; Glutathione-Depleting

631 (186)
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Source: http://www.theplantlist.org [online] (accessed 29.05.12).
b Information extracted from the reference associated to each genus.

r cacalia.txt, r dracocephalum.txt, r jatropha.txt, r saussurea.txt,
nd r senecio.txt).

A simulation study was conducted based on chemical com-
ounds extracted from investigated species to analyze intrinsic
iversity by applying a rarefaction approach.

The Bootstrap method, introduced by Efron [40], was used in
his analyzes to estimate (based on independent observation rep-
esented by the compounds obtained from plant extracts) the
istributions of a series of statistics in order to assess what happen

n population. The following statistics were obtained and used in
his analysis: mean value of the number of chemical compounds
revealing the richness within species), biodiversity expressed
hrough two entropies (Shannon entropy [41,42] and max-entropy
43,44]), and one diversity measure (Simpson diversity [45]).

The following algorithm was developed and applied in our anal-
sis:
or n=1 to n=50 (number of  plan ts to be extracte d)

For q=1 to q=10,000 (repeat the experiment by 10,
• For i=1 to i=n (execute the experiment of repe 

plant_i = random(number of species )
obs_i = number of compounds for plant_i

• End for  i
• Exp_q  =  the  array  containing  distinct  compou

plants from which were extracted (from n
• dc_q = Count(Exp_q)  - the number of distinct c 
• For  α  =  0  (Hartley=log(Count )),  1  (Shannon)

(max-entropy )
hα_q =  Reny i(Exp_ q,  α) - Renyi entropy of  

End for q
Calculate the mean and standard deviation (from 
Count and Entropies

nd for n
The algorithm was run 10,000 times in order to emulate

hanges in population. The rarefaction method [46] was further-
ore applied to compare genetic diversity regarding the extracts

n the investigated genus. The rarefaction analysis was applied to
nswer the following question “How many extracts could have
een found in a small sample?” [47]. Rarefaction curves were
sed for graphical visualization of diversity based on the obtained
esults.

. Results

The distribution of richness in natural active compounds
ccording to genus was obtained based on applied methodology

nd is presented in Fig. 1. The minimum number of active com-
ounds (average of the expectance, 4.10) was observed for Senecio
hen just one plant was included in analysis. As expected, the
aximum number of compounds (average of the expectance,
times)
 sampling)

 and  the  number  of 

unds
  (log(Simpson)), ∞ 

q

00 repetitions) for 

243.35 – Dracocephalum) was  observed when 50 plants were
included in the sample.

The increase in number of active compounds varied from 0
(Cacalia and Dracocephalum) to 23 (Dracocephalum) with a mini-
mum  variation observed for Senecio (from 2 to 4).

Shannon’s entropy represented the second method used to char-
acterize diversity in our investigation. It had values from 1.1259
(Senecio – n = 1) to 5.3397 (Dracocephalum – n = 50) and its evolution
as function of sample size is presented in Fig. 2.

The Shannon’s entropy increase almost 2 times for n = 2 com-
pared with n = 1 for Jatropha, Saussurea and Senecio, being the
highest increasing observed in our study. Without any exception,
the Shannon’s entropy slightly increased with sample size but the
increase proved not being uniform when the differences were ana-
lyzed.

The Simpson’s diversity index varied from 3.0830 (Senecio
– n = 1) to 179.8364 (Dracocephalum – n = 50). The evolution
of Simpson’s diversity index with sample size is presented in
Fig. 3.

The entropy of most frequent compound (max-entropy) varied
from 1.1259 (Senecio – n = 1) to 4.0842 (Dracocephalum – n = 50).
The evolution of max-entropy with sample size is presented in
Fig. 4.

The max-entropy results revealed that the value increased ∼2
times when n = 2 is compared to n = 1 for Jatropha, Saussurea and
Senecio genus. The max-entropy systematically increased with
sample size just for Senecio. The rule of increase of max-entropy

with sample size was broken 1 time by Saussurea,  2 times by
Jatropha, 3 times by Cacali)  and 9 times by Dracocephalum. The rar-
efaction curve for Senecio overlaps the Jatropha line for n < 5 when
max-entropy was  investigated.

http://www.theplantlist.org/
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Fig. 1. Sampling active compounds richness–generic richness rarefaction curves.
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. Discussion

Diversity of natural compounds extracts for Cacalia, Draco-
ephalum, Jatropha, Saussurea,  Senecio genus was  successfully

nvestigated. The rarefaction approach (approach not influenced
y the sample size) has been applied to compare species richness
mong investigated genera using shape of the curve as Sanders
pplied on marine species [46].
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Fig. 3. Rarefaction curves of Simpson’s diversity on genus.
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Fig. 4. Rarefaction curve max-entropy on genus.

Bioactive compounds in plants (compounds with pharmaco-
logical and toxicological effects in human and animals that are
produced by plants) become of interest due to the necessity
of identification of new drug with highest activity and lowest
adverse effects as possible. The main groups of bioactive com-
pounds according to biochemical pathways [48] are: glycosides
(such as cardiac glycosides which are presented in plants of Scro-
phulariaceae, and Convallariaceae or cyanogenic glycosides that
are present in species such as Rosaceae), flavonoids (produced
by species of Fabaceae), tannins (species of Fagaceae and Polygo-
naceae),  terpenoids (the most representative family is Lamiaceae),
diterpenoids (present in Coffea arabica), alkaloids (such as alkaloids
with acticholinergic activity present in species of Solanaceae), furo-
coumarines (in Apiaceae – carrot family) and naphthodianthrones,
proteins and peptides (Euphorbiaceae or Fabaceae). For example,
morphine (painkiller; its use lead to addiction), codeine (use to treat
cough or as painkiller), noscapine (use to treat cough), and papaver-
ine (use to treat vasospasms – heart and brain) are extracted from
Papaver somniferum [49]. Acetyl salicylic acid used as rheumatism,
painkiller, fever reducing agent, and anti-coagulant is extracted
from Salix-species [49]. Atropine used as eye drops to study the
inner parts of the eyes, and scopolamine used as travel sickness
drug are extracted from Atropa belladonna,  Hyoscyamus niger, and
Datura stramonium [49].

It is estimated that only 10% of the plants on earth have been
investigated for their content of bioactive compounds [49]. The
investigation of at least those plants used by traditional healers
could provide the faster route to new active compounds.

In this study we  used four rarefaction approaches (richness,
Shannon’s entropy, Simpson’s diversity, and max-entropy) to ana-
lyze the bioactive compounds diversity of investigated species.

The results of the first approach revealed that the richest in
bioactive compounds is Dracocephalum (see Fig. 1). Three pathways
could be observed according to genus when the differences in
number of active compounds are investigated relative to the num-
ber of investigated plants (Fig. 1): first pattern that involves Cacalia
– Jatropha – Saussurea,  second pattern that comprises Senecio and
third pattern that comprise Dracocephalum. As far as the first pat-
tern is concerned, it could be observed a slightly uniform decrease
of the number of active compounds regarding the difference
related to previous n, with increase of number of plants included
in analysis for Cacalia (the difference varied inverses to sample size
with values from 0 to 9), Jatropha (the difference varied inverses to
sample size with values from 1 to 5) and Saussurea (the difference

varied inverses to sample size with values from 1 to 10). Further-
more, the difference decreased till a certain n (Cacalia – n = 35;
Jatropha – n = 37, and Saussurea – n = 42) and after that became
flattened (0 for Cacalia – n > 35; 1 for both Jatropha – n > 37 and
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aussurea – n > 42). As far as the second pattern is concerned, with
ne exception (n = 41), the difference in active compounds relative
o the previous sample size was of 3 (systematically for n > 29) or 4
systematically for n < 15). This observation could be related with
he number of active compounds (this genus had the higher number
f active compounds – see Table 1 – ∼2.5 times higher compared to
racocephalum) as well as with the richness in specie (the number
f Senecio was more than 7 times higher compared to Jatropha – see
able 1) for Senecio genus. Regarding the third pattern, significant
ifferences were observed till n = 7 (a difference of 23 compounds
etween n = 2 and n = 1; a difference of 12 compounds between n = 7
nd n = 6) but for n > 7 the differences were not higher than 1 and
ecome systematically 0 for n > 46. Moreover, the number of active
ompounds doubled when two plants were included in analysis and
fter this threshold the number of compounds increased slightly.

In terms of Shannon’s entropy, the second approach of our
tudy, rarefaction was identical for Jatropha and Senecio for n < 5
nd very close till the intersection of their rarefaction curves
n = 18) (see Fig. 2). Starting with this point, different patterns
ere identified (slightly modification for Jatropha and increases

or Senecio). The Shannon’s entropy of Cacalia and Saussurea follow
 similar pattern as of Dracocephalum; both showing an increase
ith sample size but values of Shannon entropy associated to
racocephalum was higher (Fig. 2).

Simpson’s diversity index, the third approach used in our inves-
igation, follows somehow the patterns of number of compounds
Fig. 1). Thus, two pathways are observed in terms of index range:
elative small ranges (Cacalia with a range of 73.5009 and Jat-
opha with a range of 89.1564) and relative large ranges (Senecio

 133.9291, Saussurea – 138.4330 and Dracocephalum – 168.3506).
s it could be observed from Fig. 3, without any exception, the
iversity evaluated using the Simpson’s index increased with sam-
le size. The highest increase in diversity was observed when n = 2
as compared to n = 1 (an increase of 2 times was  observed for

acalia, Jatropha, and Senecio and of 3 times for Dracocephalum
nd Saussurea). Moreover, the diversity increased twice when n = 3
as compared to n = 2 for Dracocephalum, Jatropha, Saussurea,  and

enecio. For n > 3 the increased in diversity was uniformly of ∼1.
urthermore, the smallest variation regarding the differences is
bserved for Senecio genus (Fig. 3). Cacalia is the genus with the
ifference around 0 for n > 39. Small variation in differences is also
bserved on Jatropha while the higher variation is observed on
racocephalum.

Similar patterns with the one described for the Shannon’s
ntropy was observed when the results of the fourth approach used
n this analysis were investigated (max-entropy – Fig. 4).

The results of our study reflect the rarefaction obtained based on
he information available when the research was initiated. A ten-
ency of flattening is observed for Cacalia and Dracocephalum for
oth number of compounds and Simpson diversity index. Similar
atterns were observed on Shannon’s entropy and max-entropy
s well as on Simpson diversity index and rarefaction of number
f compounds. The obtained results must be interpreted taking
nto consideration that different species have not the same con-
ribution to diversity [50–53]. The analysis could be extended by
mplementing other diversity indices such as phylogenetic diver-
ity index [54], quadratic diversity index [55], taxanomic entropy
56], unnamed Hd index [57] or phlylogenetic entropy HP [58] to
btain a more exhaustive investigation. Such researches are cur-
ently conducted in our laboratory to obtain more relevant results
n the topic.
. Conclusion

Our results revealed that both in terms of richness in active
ompounds and weight of most frequent extracted compound

[

utational Science 5 (2014) 363–367

Dracocephalum genus is most suitable for propagation being
followed by Saussurea. Cacalia and Jatropha proved to have the
lowest diversity in terms of bioactive compounds related to the
investigated genus.
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from “Iuliu Haţieganu” University of Medicine and Phar-
macy Cluj-Napoca (2006). Since October 2001 she has
been working for the “Iuliu Haţieganu” University of
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