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ABSTRACT
P. racemosa (Mill) J.W. Moore, belongs to the genus Pimenta of the Mirtaceae family,
is native to the Lesser Antilles, Puerto Rico and Cuba, being widely cultivated in the
American Tropics. The essential oil extracted from the leaves has disinfectant and astringent
properties and does not give rise to allergic reactions on people. In this work the
pharmacognostic and chemical study of the species that grew in the city of Guayaquil, Guayas
province (Ecuador), was carried out, on which it was possible to establish the macro and
micromorphological characteristics of the species, that were researched for the first time, The
physical-chemical quality parameters of the leaves of the species were also determined,
aspects that were previously reported. A comparative study was carried out on the extraction
of essential oil from the leaves using the hydrodistillation method and the microwave assisted
hydrodistillation (MWHD) method, for which a yield of 1,3% was obtained, which was
higher than that of which was reported in the bibliography. The distillation time to reach this
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yield was lower when MWHD was used and some differences were observed in the
physicochemical characteristics of the essential oil. The chemical composition of the essential
oil determined by the use of the GC-MS coupled system made it possible to identify methyl
eugenol and estragol as the major components, followed by β-pinene, 1,8-cineole, linalool and
limonene, which correspond to the information reported for P. racemosa var. racemosa,
although modifications in the qualitative-quantitative composition were evident, depending on
the extraction method.

Keywords: Pimenta racemosa; Pharmacognostic study; Hydrodistillation extraction;
Microwave assisted hydrodestillation.

1. INTRODUCTION
Ecuador is an area rich in natural resources and abundant production of aromatic
plants as well as being considered as one of the most biodiverse countries in the world.
Thanks to its privileged geographic location in the neo-tropic it is of great influence in its
environment to create most diverse life forms of flora and fauna [1].
There is a great variety of aromatic plants in the country with very little research
published and this has been the guideline to the beginning of this project.
The species Pimenta racemosa var. racemosa (Mill.) J.W. Moore, belongs to the genus
Pimenta of the Myrtacea family, is native to the Lesser Antilles, Puerto Rico and Cuba, being
widely cultivated in the American Tropics. It is commonly known as Bay-Rum Tree,
Malagueta, Nugget and Pepper and has been studied due to the contents in its leaves of
volatile oils, which once distilled, are used in the manufacture of cosmetics, mainly in
elaboration of aftershave, soaps, colonies and treatments for hair [2, 3].
This essential oil also has anti-inflammatory and analgesic properties [4-6] and is also
used as febrifuge [7] and for its nematicidal activities [8] and insecticide [9], the most
outstanding biological properties being the antimicrobial effects explained by the high
percentage of phenols [10-12].
Essential oils are secondary metabolites of plants, which are contained in secretory
glands or vesicles immersed in the tissue of different plant organs, such as leaves, flowers,
barks, fruits and roots [13].

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

3

To obtain the essential oils, there are different methods, distillation being the most
common method, since it is the most economical and can be carried out by steam trapping or
hydro-distillation. Both techniques have proven to have the quality of being friendly to the
environment, thanks to the minimum impact generated by using water as a solvent, which is
beneficial for the industrialization of the method and for economic growth [14].
The constant evolution of analytical chemistry has allowed the development of
techniques such as hydro-distillation assisted by microwave radiation, which causes localized
heating by contacting the plant material in water with the reactor. Therefore, its operating
time is lower compared to the traditional method and, in addition, an increase in the yield of
the essential oil and a decrease in the costs of production can occur [15].
The main objective of this chapter is to compile the results of the pharmacognostic and
phytochemical studies carried out on the leaves of Pimenta racemosa (Mill) J.W. Moore, who
grows Ecuador.

2. MATERIALS AND METHODS
2.1. Gathering of plant material

The fresh leaves of the species P. racemosa were collected in February and October
2016, during morning time at the Botanical Garden north of the city of Guayaquil, Ecuador.
The botanical identification was made by Dr. Carmen Bonifaz of Elao, of the Guay
Herbarium, Faculty of Sciences, assigning the identification number 008 and the code GUAY
13,100.

2.2. Macroscopic evaluation

For the study of the macro-morphological traits, samples of 50 leaves were analyzed
and through the use of a digital vernier calibrator, the length and width of the samples were
determined. These were observed with a magnifying glass to describe the shape of the limbus,
the base, the apex, the border and the nerves. Also the characteristics of the leaves by the
beam and the underside and the presence of the petiole were taken into account. To do so, the
aspects raised by Miranda and Cuéllar [16] were taken into account.
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2.3. Morphological and anatomical evaluation

For the micro-morphological study, the inclusion in parafine was carried out, for
which the methodology described by Miranda and Cuellar [16] was used.
Small cuts of the leaves were made, by the middle nerve of the leaves. The small cuts
were subjected to dehydration with 45%, 60%, 75%, 98% ethanol for 48 hours each at room
temperature. Finally they were deposited for 48 hours in the intermediate reagent (hexane).
After the dehydration was carried out, the samples were deposited in paraffin in a Memmert
oven at 60°C for 2 hours, then the Leuchart sheets were prepared, the paraffin was added in
the molds and the sample was placed, waiting for its solidification.
Transverse cuts were performed for the histological analysis. The cuts were performed
on a microtome, dewaxed and then hydrated and rinsed with sodium hypochlorite. They were
stained with 1% safranin and fixed with glycerinated gelatin [17-18].
A Nikon Alphaphot-2 microscope with TK-C1380 JVC color video camera model
TK-C1380U was used to visualize the different internal anatomical traits of the plant.

2.4. Physicochemical parameters of the leaves

The trials were performed following the methodology described by WHO [19].
These were:

2.4.1. Residual moisture

The azeotrope method was used, measurements were made in triplicate from 10 g
of dry leaves, a Dean-Stark kit coupled to a 1 L balloon was used. Toluene was used
as the solvent.

2.4.2. Total ashes

For the analysis, a MLW Eliktro muffle was used for 2 hours, the weights were
performed on a Kern model analytical balance model: ABS-220-4. Each determination
was done in triplicate from 2 g of sample.
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2.4.3. Soluble substances

This trial was determined in triplicate, starting from 5 g of the drug. The solvents
used were water and 98% alcohol.

2.5. Identification of the metabolites by chemical screening

Phytochemical screening was performed on dry leaves, according to the procedure
described by Miranda and Cuellar [16]. A solvent extraction system of increasing polarity was
used from the same plant material. The dried drug was successively extracted with diethyl
ether, ethanol and water for 48 hours to obtain ethereal, alcoholic and aqueous extracts, which
were subjected to different tests.

2.6. Obtaining and analysis of essential oil

The extraction of the oil was carried out by distillation, techniques of hydrodistillation (HD) and microwave assisted hydro-distillation (MWHD) were used. A 1000 ml
capacity balloon was used and 500 g finely chopped fresh vegetable material was placed for
each extraction.
Volume readings of essential oil obtained by both techniques were performed from 10
minutes and up to a time of 4 hours (240 minutes) to form the yield versus time curves. The
process was repeated several times. For the MWHD was worked similar to the HD, but
placing the balloon in a microwave oven Panasonic with a power of 1000 W, for a time of 240
minutes with cycles of 10 minutes. To the balloon, 250 ml of water and the fresh plant were
added. The oils obtained for each were collected, dried with anhydrous sodium sulfate and
stored in amber refrigerated vial for their chemical and chemical physical analyzes.

2.7. Physical-chemical analysis of essential oils

To the essential oils obtained by the different extraction methods, the following
analyzes were performed, as described in the literature [16]:
• Refractive index
• Relative density
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• Solubility in alcohol
• Evaporation residue.
2.8. Statistical analysis

The data was processed statistically using a multiple variance analysis (ANOVA)
considering a significance level of 5% and with the help of the statistical software IBM SPSS
version 22.

2.9. Gas chromatography/mass spectrometry analysis

The essentials oils were analyzed by using a gas chromatography mass spectrometry
equipment Agilent Technologies (7890A GC system and 5975C inert XL MSD with triple
axis detector). A capillary column DB-5ms UI (30 m x 0.25 mm x 0.25 µm) and helium as the
carrier gas (1.1 ml/min). The injection of 1.0 µl of sample diluted in hexane was done at a
temperature of 250°C with split mode, split ratio 25:1, the detector temperature was 230°C
and the oven temperature was maintained at 60°C for 1.0 minutes, then it was increased to
240°C at 2°C/min. The electron ionization to 70 eV and 230°C was used as ion source and the
data compounds were collect with the full scan mode (40-1000 µma). Finally, compounds
were identified by comparison of their mass spectra and mass reference of Wiley 9th with
NIST 2011 MS Library.

3. RESULTS AND DISCUSSION
3.1. Botanical characterization of the species

The botanical characterization of the plant material is the first aspect to be analyzed
in a pharmacognostic study, with the objective of establishing the macro and micromorphological characteristics of the species under study.

3.1.1. Macro-morphological evaluation of leaves

The foliar sheet of coriaceous consistency, presented a bright dark green color by the
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beam, with smooth surface; The pubescent underside of light green color, elliptical form,
palminervia, whole edges, petiolate without presence of trichomes, obtuse base and obtuse
apex; Points of oil glands are observed on the underside (Figure 1). The characteristics are in
correspondence with the reported [20].

Figure 1. Macrophormological characteristics of the leaves

In regards to leaf dimensions in the study population, these showed a variation within
a range of 4.8 to 13.7 cm for the length and 3.4 to 6.8 cm for the width. The results obtained
are consistent with those reported in the literature [20-21], which indicate a range between
4-10 cm for the length and 2.5-6 cm for the width, and the values obtained in this study
(8.64 ± 1.9 cm, long and 4.69 ± 0.88 cm, width), within this range of values.

3.1.2. Micro-morphological evaluation

In the leaf anatomy at the level of a transverse section of the central nerve (Figure 2)
it was observed that the abaxial surface is completely concave and the adaxial is
slightly convex. In the innermost part of the central nerve, it was observed that it is
occupied by a large number of conducting beams (HC) resembling the forms of spinal
radii in the dorsiventral direction, surrounded by a pericycle of parenchymal cells (Pa).
Closer to the lower surface of the nerve is the colenchyma (Co) and the abaxial epidermis
(EAb).
In the structure of the lateral arms (BL), the epidermal tissue was observed in its
adaxial part (EAd) formed by a stratum of cells. And then below this epidermis is the palisade
parenchyma tissue (PE).
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Figure 2. Micro-morphological details of the central nerve of the leaf. BL: lateral arms;
PE: parenchyma in palisade; EAd: adaxial epidermis; Co: colenchyma; HC: conductive beams;
EAb; epidermis abaxial

Figure 3 shows several enlarged sections of one of the side arms. In Figure 3 the
adaxial epidermis (EAd) was formed by a stratum of tabular cells, then a tissue in palisade
(PE) columnar cells. In Figure 3 B the colenchyma (Co) formed a conglomerate of nearly
rounded cells. Glands, essential oil containers and some calcium oxalate (Glan) crystals are
also seen (Figure 3C). The results obtained for the micro-morphological characteristics are
not described in the consulted literature.

Figure 3. Extended sections of the micromorphological details of P. racemosa leaves. A: portion
of a lateral arm; B: cells of the colénquima tissue; C: calcium oxalate crystals EAd: epidermis
adaxial; PE: parenchyma in palisade; Co: colenchyma; Glan: essential oil glands
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3.2. Determination of physicochemical parameters

Another aspect addressed in the study of the species was the establishment of
the physicochemical parameters of the dry leaves (vegetal drug). The results are presented
in Table 1.

Table 1. Physical chemical parameters determined to P. racemosa leaves
Parameter

Valor medio X

DS

CV

Residual humidity (%)

13,97

0,00

0,00

Total ash (%)

8,33

0,21

2,50

Substances soluble in alcohol (%)

19,59

0,27

1,38

Substances soluble in water

18,21

0,69

3,78

Legend: X = average value; DS = standard deviation; CV = coefficient of variation

The water content in the plant is one of the critical aspects and proves to be a key
parameter for the conservation of the drug. For this parameter the Norms and Pharmacopoeias
establish, depending on the plant organ, content between 8 and 14% [19, 22].
In the analysis performed the result obtained for the moisture content was 13.97%
which is within the reference range, although in the somewhat high value could have
influenced the fact of containing the leaves essential oil and have used the method of Dried at
room temperature.
As for the total ash, they indicate the quality of the material with which it is worked
and is an important basis for judging the purity and identity of the material. On the other hand
they provide information on the possible adulteration of the drug with inorganic materials or
foreign bodies which also depends on the mineral composition of soils [16]. The standards
and pharmacopoeias establish a total ash index that is between 2-12% [19, 23]. The analysis
of total ash to the plant material resulted in an 8.34% percentage that is within the
established range.
Finally, the analysis of soluble substances in water and ethanol was performed at 98%
and the results indicate that the percentages of soluble substances did not differ much that is
to say that the plant contains both soluble substances in water and in ethanol.
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3.3. Phytochemical screening

The results of the phytochemical screening carried out on ethereal, alcoholic and
aqueous extracts of the leaves of the plant show a high variability of the present compounds,
such as oils, fats, triterpenes steroids, lactones, coumarins, flavonoids, phenols, tannins,
catechins, quinones, anthocyanidin, saponins and reducing compounds.
When analyzing the results obtained in the phytochemical screening carried out on
each extract, they were found to be in agreement with those reported in the literature [24],
where the abundant presence of phenolic compounds (tannins, flavonoids and quinones), as
well as saponins and the absence of alkaloids.

3.4. Collection and analysis of essential oil

3.4.1. Essential oil yield

In the study of the dynamics of accumulation of essential oil as a function of time, it
was observed that in order to obtain a yield of 1.4% by the HD method, a time of
approximately 2 hours had to be employed, whereas by the MWHD method, a yield of 1.8%
was obtained in only 60 minutes. Figure 4 shows the graph corresponding to the distillation
dynamics of the essential oil by both distillation techniques.

Figure 4. Dynamics of distillation of the essential oil by HD and MWHD methods
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The oil content in fresh leaves ranges from 1-3% [25], so the results obtained are
within the range reported. It should be noted that in a study by Bustamante et al. [26] from the
species collected in the same area, but in February, the yield reached by HD was 1.3%, which
shows that the harvesting time influences the yield of essential oil.

3.4.2. Physical-chemical constants of essential oil

The essential oils obtained by both techniques were determined some physicalchemical parameters and the results are presented in Table 2.

Table 2. Physicochemical parameters of the essential oil obtained by both distillation techniques
Physicochemical characteristics of essential oils

Technique

Hydro-distillation
Hydro-distillation
assisted by microwave

Refraction
Index

Solubility
Density

1.5075

0.9601

1.5139

0.9641

Alcohol

Alcohol

70%

80%

insoluble on

soluble on

10 ml

5 ml

insoluble on

soluble on

10 ml

2.1 ml

Evaporation
Residue

0.1509

0.0113

As observed, some differences were found between the essential oils obtained by
the different techniques tested. The refractive index and the density were slightly higher for
the oil obtained by MWHD, while it showed higher solubility in alcohol at 80% and lower
heat of evaporation residue than that obtained by HD.
These differences in physicochemical parameters are an indication of possible
differences in the chemical composition of these oils.

3.4.3. Chemical composition of essential oils

The analytical gaseous chromatogram of the essential oils obtained by the different
extraction techniques is presented in Figure 5.
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Figure 5. Analytical gaseous chromatograms of essential oils obtained by HD and MWHD

As observed, the main differences observed are in the intensities of the
chromatographic peaks, which are somewhat superior in the microwave assisted distillation.
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The chemical composition for these oils was determined by comparing their mass
spectra with those of the equipment library and their comparison with the retention indices. It
can be observed that of the 47 compounds to which structures were assigned, 24 correspond
to monoterpene hydrocarbons and 23 to oxygenated compounds including terpenes and
aromatics.
The major components of the essential oil were methyl eugenol with 47.50% relative
abundance for HD and 50.82 for MWHD and estragol with 32.69% and 31.62% for HD and
MWHD respectively, Both aromatic compounds; The β-pinene, monoterpene hydrocarbon,
presented 7.01% and 5.81% of abundance for HD and MWHD respectively and 1,8-cineol,
linalool and limonene, were the other three compounds with relative abundance higher than
one percent (Table 3).
For the species P. racemosa, five varieties have been reported: racemosa, grisea,
hispanoliensis, ozua and terebenthina, which are endemic to some areas of the Caribbean [28].
Of these, the racemosa variety has been the most cultivated and its essential oil marketed.
However, according to geographic origin, the composition of this essential oil may vary
fundamentally from the majority compounds, with the following compounds being mentioned
for some commercial oils: eugenol + isoeugenol (33,8-56,2%), myrene (13, 9-31.6) and
chavicol (8.9-21.6%) [29-32], other reports of commercial oils indicate methyl-eugenol,
β-caryophyllene and α-humulene as major [7, 33].
For non-commercial essential oils, these authors have stated that the compositions
have been varied, being able to determine as a majority the estragol and methyl eugenol;
(53.1%), and mellenum (31.6%) and myrene (12.0%), and in others, geraniol (53.2%) and
nerol (32.6%).
Leyva [34] points out, however, another composition for the essential oil obtained
in Pinar del Río, Cuba, where the majority of the oil is not the aromatic compounds but
the terpenoids, reporting a composition where terpinen-4-ol (20.7%), 1,8-cineole (20.4%),
eugenol (10.7%), chavicol (10.1%) and α-terpineol (10.0%).
For the essential oil obtained from P. racemosa growing in Merida, Venezuela,
Contreras [35] found that the main components were eugenol (48.7%), 1,8-cineole (12.7%)
and limonene (13, 7%).
These observations show the great variability of the essential oil of P. racemosa in its
chemical composition, depending on the climatic zone where it was studied. In this work,
methyl-eugenol and estragol were the major components, followed by β-pinene, 1,8-cineol,
linalool and limonene. These results are similar to those reported by Tucker [28].
Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

14

Table 3. Chemical composition of essential oils obtained by HD and MWHD
No

Components

Rllita

RIb

% HD

% MO

1

Thujene

932

921,80

0,03

0,03

2

α-Pinene

936

928,87

0,11

0,10

3

Camphene

950

944,53

0,01

0,00

4

1-Octen-3-ol

962

978,54

0,62

0,62

5

β-Pinene

978

990,75

7,01

5,81

6

Octanal

981

1002,45

0,10

0,12

7

l-Phellandrene

1002

1005,01

0,16

0,16

8

α-Terpinene

1013

1014,04

0,10

0,09

9

o-Cymene

976

1021,32

0,21

0,16

10

D-Limonene

1025

1026,33

1,38

1,10

11

1,8-Cineol

1024

1029,14

4,02

3,85

12

(E)-b-Ocimene

1041

1041,96

0,18

0,16

13

γ-Terpinene

1051

1053,12

0,17

0,17

14

trans-Linalooloxide

1058

1065,84

NI

NI

15

Terpinolene

1082

1080,94

0,18

0,16

16

Perillen

1090

1095,95

0,01

0,00

17

Linalool

1086

1100,85

1,44

1,40

18

Nonanal

1076

1103,52

0,01

0,01

19

α Terpineol

1176

1166,70

0,01

0,01

20

4-Terpineol

1161*

1176,42

0,59

0,57

21

Estragole

1175

1204,37

32,69

31,62

22

Decaldehyde

1180

1206,80

0,18

0,16

23

Z-Citral

1215

1234,65

0,01

0,01

24

Chavicol

1219

1264,48

0,27

0,52

25

Anethole

1262

1281,57

0,03

0,03

26

Eugenol

1331

1347,34

0,50

0,90

27

Ylangene

1376

1366,29

0,04

0,02

28

Methyleugenol

1369

1412,65

47,50

50,82

29

β-Ylangene

1420

1420,79

0,02

NI

30

Humulene

1455

1445,27

0,06

0,02

31

γ-Muurolene

1474

1466,35

0,02

0,00

32

Germacreme-D

1479

1470,66

0,14

0,07

33

γ-Elemene

1429

1484,33

0,01

0,00
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No

Components

Rllita

RIb

% HD

% MO

34

α-Muurolene

1496

1489,81

0,02

0,01

35

4-Allyl-2,6-dimethoxyphenol

1561

1495,47

0,03

0,02

36

α-Farnesene

1498

1500,85

0,17

0,12

37

δ-Cadinene

1520

1509,27

0,07

0,04

38

Elemicine

1522

1543,97

0,05

0,06

39

Spathulenol

1572

1564,69

0,01

0,01

40

Caryophylene oxide

1578

1567,25

0,02

0,01

41

Globulol

1589

1572,85

0,01

0,01

42

Junenol

1617

1606,50

0,03

0,01

43

Cubenol

1630

1615,51

0,03

0,02

44

tau.-Muurolol

1633

1633,27

0,10

0,03

45

α-Cadinol

1643

1644,32

0,15

0,13

46

Cembrene

1938

1937,68

0,06

0,02

1967**

1986,53

0,11

0,08

98,69

99,23

47

4-(4'-Methyl-3'-pentenyl)-3cyclohexenyl pentyl ketone
Total

Notes: aRllit: retention indices according to tepenoids library Website [26] otherwise stated;
b

RI= retention indices measured on apolar capillary columns; NI= Non identified; *Retention index

according to Bendahou et al. [27]; **Estimated in a non-polar column

Even if for HD and MWHD, the components of the essential oil do not vary in quality,
they differ quantitatively. The oil obtained by MWHD presented a higher concentration of the
major component (methyl eugenol), though for the rest of the components of greater
concentration the percentage of abundance is slightly lower. Nevertheless, if we compare the
yield obtained and the distillation time, it is evident that the technique that applies the
MWHD, would be the best option for obtaining the oil of P. racemosa.

4. CONCLUSIONS
Through the pharmacognostic analysis made to the leaves of Pimenta racemosa (Mill)
J.W. Moore, collected in the city Guayaquil, province of Guayas (Ecuador) the macro
morphological characteristics of the species were established, which coincide with what has
been reported in the literature.
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The micro-morphological characteristics and quality parameters of the plant material
were established for the first time.
The essential oils obtained by the techniques of hydrodistillation and hydrodistillation
assisted by microwave presented differences in the yield and the time of extraction, being the
technique that applies the radiations of superior microwave since it allows to obtain a better
yield in less time.
The analysis of the chemical composition of the essential oil using the CG-EM
coupled system allowed the identification of methyl eugenol and estragol as the major
components of the essential oil, independent of the method of production used.
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ABSTRACT
Despite the successes achieved in the early diagnosis and treatment of some
malignancies, cancer remains among the leading medical, scientific, social and economic
challenges of the 21st century. The need to find a safe and highly effective cure for neoplastic
diseases remains a major mission for modern science. Plants have been a source of medicinal
substances for thousands of years, and phytoproducts continue to play an essential role in
clinical practice. The proposed review presents data about mechanism of action, clinical
application and toxicity of commercially available alkaloid-based antitumor agents (vinca
alkaloids, taxanes, camptothecin’s analogues) as well as information about some plant
alkaloids (ellipticine, cepharanthine, liriodenine) with promising anticancer activity
demonstrated in cell culture and animal model systems. Experimental results from preclinical
investigations, putative cellular/molecular targets and mechanism(s) of action of these
alkaloids are discussed.
Keywords: Alkaloids; Anticancer activity.
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1. INTRODUCTION
Alkaloids, originally described as cyclic nitrogen-containing biologically active
substances, represent one of the largest and most diverse groups of secondary metabolites
found in living organisms. Alkaloids have been traditionally isolated from higher plants but
can be found also in animals and microorganisms. Because of their widely variable structure
types, which exceed the boundaries of their traditional definition, these compounds were
classified using different criteria such as: common natural source (e.g. a certain type of
plants), similarity of the carbon skeleton or biochemical precursor. The most widely used
classification is based on their biosynthetic pathways. Various alkaloid-containing medicinal
plants have been used for centuries with therapeutic purposes by humans and ever since the
isolation of morphine (the first isolated alkaloid) in 1806 - researchers have not stopped
searching new alkaloids and studying their biological effects [1].
Some alkaloids are applied in modern medicine because of their relieving (ephedrine),
analgesic (morphine) or anticancer (vinca alkaloids, paclitaxel and the other taxanes,
analogues of camptothecin - irinotecan and topotecan) properties. Taxanes and vinca alkaloids
(that inhibit cell spindle in a different manner) as well as irinocan and topotecan (the only
FDA-approved topoisomerase I targeted inhibotors) are among the most potent anticancer
drugs used in current clinical oncology [2].

2. VINCA ALKALOIDS
Vinca alkaloids (Fig. 1, Table 1) are isolated from the Madagascar pink inkle
Catharanthus roseus G. Don (Vinca rosea L.) (Apocinaceae) [3]. C. roseus was used by
various cultures for the treatment of diabetes, and vinblastine and vincristine were first
discovered during an investigation of the plant as the source of potential oral hypoglycemic
agents [4]. Vinca alkaloids were discovered in the 1950's by Canadian scientists, Robert
Noble and Charles Beer for the first time. These compounds act on the mitotic phase of the
cells by causing inhibition of microtubule dynamics leading to metaphase arrest and cell
death. Although vinca alcaloids behave similarly to other anticancer agents such as colchicine
and maytansine, there is no cross resistance between them [3]. Vinca alkaloids are the second
most-used class of anticancer drugs [5]. There are four major vinca alkaloids in clinical use:
vinblastine, vincristine, vinorelbine and vindesine [3].
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Figure 1. Vinca alkaloids

A new synthetic vinca alkaloid, vinflunine, was developed through the addition of two
fluorine atoms. The drug is currently approved in Europe for clinical application in
transitional cell carcinoma of the urothelium (TCCU) [6, 7].
Vinca alkaloids are widely used (usually included in combination chemotherapy
regimens) in the treatment of hematological malignancies but are also effective against some
solid tumors (breast cancer, testicular carcinoma, non-small cell lung cancer). They do not
exhibit cross-resistance with drugs that alkylate deoxyribonucleic acid (DNA) and have a
different mechanism of action [3]. Vincristine is also administered in the treatment of some
non-malignant hematologic disorders such as thrombotic thrombocytopenia purpura [8].
Some vinca alkaloids are also available as oral formulations. For example, oral
vinorelbine has demonstrated significant activity against non-small cell lung cancer
(NSCLC) and has been reported to be advantageous in terms of cost savings compared
to i.v. vinorelbine and other antineoplastic agents [9]. Vincristine sulfate liposomal
injection has been approved in the USA by the Food and Drug Administration (FDA) for
application in patients with Philadelphia chromosome (t(9;22)/BCR-ABL1) (Ph)-negative
acute lymphoblastic leukemia [10].
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Table 1. Vinca alkaloids - their medicinal application and toxicity
Vinca alkaloid
Vinblastine

Medicinal application

Toxicity/side effects

Hodgkin and non-Hodgkin

Toxicity to white blood cells, nausea,

lymphomas; breast cancer,

vomiting, constipation, dyspnea, chest or

germ cell tumors [11]

tumor pain, wheezing and fever [3]

Acute leukemia,
Vincristine

rhabdomyosarcoma, neuroblastoma,
Wilm's tumor, Hodgkin's disease
and other lymphomas [3]

Peripheral neuropathy, myelosuppression,
constipation, nervous system toxicity,
nausea and vomiting [3, 11]
Decreased resistance to infection, bruising
or bleeding, anemia, constipation, diarrhea,

Vinorelbine

Non-small cell lung cancer,

nausea, numbness or tingling in the hands

breast cancer [12, 13]

and feet, peripheral neuropathy;
Less common side-effects include alopecia
and allergic reaction [3]

Acute lymphocytic leukemia, blast
crisis of chronic myeloid leukemia,
Vindesine

malignant melanoma, pediatric solid
tumors and metastatic renal, breast,
esophageal and colorectal
carcinomas [14]

Vinflunine

Neurologic (with paresthesias,
without motor impairment),
or hematologic (with leukopenia),
sometimes alopecia, asthenia,
muscle pains [15].

Transitional cell carcinoma

Neutropenia, anemia,

of the urothelium [7]

constipation, fatigue [7]

Although, vinca alkaloids have quite similar chemical structures, their toxicologic
profiles are different extensively [5]. Neutropenia is the principal dose-limiting toxicity of
vinblastine, vindesine and vinorelbine. On the other hand, hematologic toxicity has been
rarely reported for vincristine, severe myelosuppression has been observed in situations
resulting in profoundly increased drug exposure and hepatic deficiency [3].

3. PACLITAXEL, CABAZITAXEL, DOCETAXEL (TAXANES)
3.1. Paclitaxel (Taxol)
Taxol (Fig. 2), a natural diterpene alkaloid, was extracted from the needles and bark of
the Pacific yew tree Taxus brevifolia (Taxaceae), a small slow-growing evergreen, coniferous
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tree. Its anticancer activity was reported for the first time in 1971 [16]. When it was
commercially developed by the Bristol-Myers Squibb (BMS; New York, NY, USA) Taxol
was renamed to paclitaxel [17].
Today Paclitaxel (Taxol) is one of the most effective broad-spectrum anticancer agents
approved for the treatment of a wide range of neoplastic diseases including ovarian, breast,
lung, head and neck cancers as well as Kaposi's sarcoma [18-22].

Figure 2. Taxanes

Paclitaxel is the prototype of the taxane family of antitumor drugs that have a unique
mechanism of action. They stabilize GDP-bound tubulin in the microtubule (highly dynamic
cellular polymers made of tubulin and associated proteins that are principal component of the
cytoskeleton and play a key role during mitosis) resulting in arrest of the cell cycle
progression through centrosomal impairment, induction of abnormal spindles and suppression
of spindle microtubule dynamics and induction of apoptosis. For comparison, the other
microtubule poisons (also known as spindle poisons or mitosis poisons), such as vinca
alkaloids, colchicine, and cryptophycines, act in a different way by inhibiting tubulin
polymerization. Taxanes are given intravenously and are eliminated via extensive hepatic
metabolism and biliary excretion [23].
The following anticancer drugs belong to taxane family - classical taxanes (paclitaxel,
docetaxel), the newer taxane cabazitaxel and the nanoparticle-bound nab-paclitaxel [23].
Taxanes represent one of the most powerful and widely used anticancer drugs in current
clinical oncology [23, 24].
Although paclitaxel is effective for various cancer diseases, its application meets some
obstacles:
i)

Paclitaxel has extremely poor water solubility (<1 μg/ml) and does not sufficiently
dissolve when administered in its crystalline form. It needs a relatively higher dose to
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take effect compared to other anticancer drugs. The solvent used in the commercial
formulation of solvent-based (sb)-paclitaxel is polyoxyethylated castor oil (Kolliphor®
EL, formerly known as Cremophor EL; BASF SE, Ludwigshafen, Germany) [25, 26].
ii) The solvent Cremophor EL is associated with a high incidence of hypersensitivity
reactions (HSRs). That is why the development of rapid drug desensitization has played
an important role to allow patients with HSRs to taxanes to be safely re-treated. The
mechanisms of these HSRs to taxol are not fully understood but there are data that
Cremophor EL is responsible for complement activation. Some of these HSRs are
suggested to be IgE-mediated [27-29].
iii) The therapeutic effect of this drug may be disturbed by acquired and intrinsic
tumor resistance based on the role for ATP-binding cassette transporters (such as
P-glycoprotein), tubulin isoforms, microtubule-associated proteins, tubulin gene
mutations, and mitotic checkpoint signaling proteins [30]. A lot of efforts have been
focused on the development of new approaches to overcome this problem [31-34]. To
achieve a better therapeutic effect paclitaxel has also been delivered with microRNA
[35], short hairpin RNA (shRNA) [36] and small interfering RNA (siRNA) molecules
[37]. Currently there are no valid practical biomarkers that can predict resistance to the
taxanes in (breast) cancer patients [38].
With regard to the toxicity the application of paclitaxel has been connected with risk
of hypersensitivity reactions (that can be controlled with a premedication regimen consisting
of corticosteroids and antihistamines); dose-limiting hematopoietic toxicity (specifically
neutropenia), cumulative neurotoxicity (characterized principally by peripheral neurosensory
manifestations), that are generally of mild to moderate severity, even in heavily pretreated
patients. Additional adverse events associated with Taxol include arthralgia/myalgia,
mucositis, alopecia [27, 39, 40].
Paclitaxel is not suitable for oral administration because of at least three reasons:
i)

low water solubility;

ii) poor bioavailability, due to the affinity of paclitaxel for drug transporters highly
expressed in the epithelial layer of the gastrointestinal tract, such as the drug efflux pump
P-glycoprotein (PGP, ABCB1) and ABCC2 (cMOAT; MRP2);
iii) presystemic elimination by the cytochrome P450 (CYP) metabolic enzymes, especially
CYP2C8 and CYP3A4, present in liver and gut wall, further hamper oral application of
taxanes [25].
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There are data that application of PGP and CYP3A4 blockers such as cyclosporine A
and ritonavir can enhance the oral bioavailability of these anticancer drugs [25]. Other
strategies recently used to improve the oral bioavailability of paclitaxel include the
development of alternative formulations of paclitaxel on the basis of N-octyl-O-sulfatechitosan micelles [41], 3,6-O,O'- dimyristoyl chitosan micelles [42], nanoemulsions [43],
lipid nanocapsules [44], lipid nanosponges [45], etc.
Currently, two commercially available formulations of paclitaxel are Taxol and
Abraxane. Nanoparticle albumin-bound paclitaxel (nab-paclitaxel; ABI 007 or Abraxane®;
Celgene Inc, Odenton, MD), where paclitaxel is bound to albumin nano-particles (particle size
of approximately 130 nanometers), is a solvent-free formulation of paclitaxel developed to
reduce solvent-related adverse reactions and improve tumor penetration and efficacy via the
physiologic transport properties of albumin [46].
Compared with sb-paclitaxel, nab-paclitaxel has several advantages, including: ability
to deliver significantly higher doses of paclitaxel over a shorter infusion time (30 minutes vs 3
hours for sb-paclitaxel); decreased incidence of serious toxicities, including severe allergic
reactions; enhanced transport of paclitaxel across endothelial cells and greater delivery of
albumin/paclitaxel to tumors through receptor-mediated transport (transcytosis) [47, 48].
However, the preparation of Abraxane requires high-pressure homogenization of paclitaxel in
the presence of human serum albumin, resulting in the high cost of the dosage form [49].
Nab-paclitaxel has been approved by Food and Drug Administration for the treatment
of three solid tumors in the USA: metastatic breast cancer (in 2005); in combination with
carboplatin for the first-line treatment of patients with locally advanced or metastatic NSCLC
who are not candidates for curative surgery or radiation (2012); first-line treatment of patients
with metastatic pancreatic cancer (2013). Nab-paclitaxel is also under investigation for the
treatment of a number of other solid tumors [50].

3.2. Docetaxel

Docetaxel (Taxotere®) (Fig. 2) is a second generation taxane, a semi-synthetic
analogue of paclitaxel approved by the FDA for the treatment of advanced breast cancer in
1996 [51], non-small-cell lung cancer (NSCLC) in 1999 [52], metastatic hormone-refractory
prostate cancer (HRPC) in 2004, and head and neck cancer in 2006 [53]. The structure of
paclitaxel and docetaxel differ in substitutions at the C-10 ring position and in the
configuration of an ester side chain attached at C-13 (that is essential for antimicrotubule
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activity) [54]. Because of its low aqueous solubility, docetaxel is solubilized by micelle
formation with nonionic surfactant polysorbate 80 (Tween 80).

3.3. Cabazitaxel
Cabazitaxel (previously XRP-6258; trade name Jevtana®, Sanofi, UK) (Fig. 2) is a
novel third-generation semisynthetic taxane, a dimethoxy derivative of docetaxel. It was
approved by the FDA for the treatment of hormone-refractory prostate cancer in 2010.
Cabazitaxel retains the taxane nuclear ring but has multiple side chain modifications that
determine some of its advantages as compared to the other taxanes such as enhanced
solubility in water-based solutions; decreased ability to induce multidrug resistance in
cancer cells because of its lower affinity for the drug efflux pump, P-glycoprotein (ABCB1);
better blood-brain barrier penetration confirmed after systemic administration in mouse
models [54-56].

4. CAMPTOTHECIN AND ITS DERIVATIVES
4.1. Camptothecin

Camptothecin (Fig. 3) is a pentacyclic alkaloid isolated by Wall et al. [57] in the early
1960s from the wood, bark and fruit of the oriental tree Camptotheca acuminate (Chinese
happy tree, Nyssaceae).
An effusion, injectables or powder, prepared from the tree, has been used in traditional
Chinese medicine for treatment of various illnesses (common colds, psoriasis, liver and
digestive problems), including tumors [58].
Camptothecin inhibits the action of the nuclear enzyme type-1 DNA topoisomerase by
stabilizing the DNA-topoisomerase-1 cleavable complex formation that results in persisting
single-stranded DNA breaks. During DNA replication, stabilized cleavage complexes convert
into cytotoxic DNA double-strand breaks, ultimately causing cell death [59-62]. Its
antineoplastic activity is limited by low stability and solubility as well as undesirable drugdrug interactions [62]. The initial clinical trials of sodium camptothecin were performed in the
late 1960s and they revealed severe unpredictable toxicities and disappointing antitumor
activity. The identification of its unique mechanism of action in the late 1970s and the

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

28

development of water soluble camptothecin analogs again provoke the interest in this class of
compounds in the late 1980s [62, 63].
Three derivatives, topotecan [64], irinotecan [65] and belotecan [66] have been
approved for the treatment of ovarian, small-cell lung, and refractory colorectal cancers.

Figure 3. Camptothecin and its derivatives

4.2. Irinotecan

Irinotecan (Camptosar™) (Fig. 3) is a semi-synthetic derivative of camptothecin that
shows some important advantages as compared to the parental structure, including higher
aqueous solubility [67]; broad spectrum of antitumor activity both in vitro and in vivo; more
predictable and clinically manageable toxicity [65].
Irinotecan hydrochloride was developed and approved in Japan for clinical use in
small cell lung cancer, non-small cell lung cancer, cervical cancer and ovarian cancer in 1994.
Subsequently, in France and the USA irinotecan was approved in 1995 and 1996,
respectively, as a second-line chemotherapy in patients with recurrent or refractory metastatic
colorectal cancer, following initial therapy with 5-flurouracil/leucovorin, and as a first-line
chemotherapy in 1999 and 2000, respectively [68-70]. After the introduction of irinotecan
into the management of metastatic colorectal cancer at the end of the last century, the survival
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of patients has significantly improved [71]. Onivyde, a intravenous nanoliposomal irinotecan
hydrochloride injection, was approved in 2015 by the FDA in combination with 5-fluorouracil
and leucovorin for use in patients with advanced and metastatic pancreatic cancer refractory
to gemcitabine based therapy [72, 73].
The two major dose-limiting toxicities of irinotecan are neutropenia and diarrhea
[74, 75]. These adverse effects are observed in 13-25% of patients [76, 77].
The potent anti-tumor activity of irinotecan is due to rapid formation in the
body of an in vivo active metabolite, 7-ethyl-10-hydroxycamptothecin (SN-38, Fig. 3) by
carboxylesterase [71, 78]. SN-38 is several hundred fold more active than irinotecan.
Clinical use of SN38 is limited by its poor aqueous solubility and hydrolysis of the
lactone ring at pH > 6 to inactive carboxylate form. A variety of drug delivery systems have
been developed to improve the solubility and stability of SN38, and reduce its toxicity [79].
SN-38 is then metabolized in the liver to a non-toxic SN-38 glucuronide (SN‐38G) [80], by
uridine 5′‐diphospho-glucuronosyltransferase 1A1 (UGT1A1). This metabolite is primarily
excreted into the bile and transferred to the intestine [81, 82].
Polymorphism of the UGT1A1 gene has been recognized to play an important role in
irinotecan pharmacokinetics and severe toxicity [83]. Decreased UGT1A1 activity observed
in UGT1A1*28 and UGT1A1*6 variants is associated with a decrease in the formation of SN38G, the delayed metabolism of SN-38 and the occurrence of adverse events in irinotecanbased chemotherapy [84-88]. The allele frequency of UGT1A1*28 has been documented to be
lower in Asians (8.6–13.0 % in Japanese) than in Caucasians (29.5–38.8 %). In contrast,
although the frequency of the UGT1A1*6 allele is very low in Caucasians, it is relatively
common in Asians (13.0–17.7 % in Japanese) [89]. In a recent meta-analysis, UGT1A1*6
polymorphisms were recognized as potential biomarkers, predicting irinotecan-induced severe
toxicity in patients from Asia. Increased incidences of severe neutropenia have been found to
occur in both high/medium and low doses of Irinotecan [90]. On the other hand, neither
clinical response nor prognosis has been found to be significantly associated with the
UGT1A1 gene polymorphisms [88]. Some UGT1A1 variants (such as UGT1A1*27) do not
significantly predict severe irinotecan toxicity in cancer patients [91].
Pharmacogenetic factors other than UGT1A1, physiological factors, and environmental
factors can also cause the large interindividual variability in SN-38 pharmacokinetics and
contribute to irinotecan-induced toxicities [71].
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4.3. Topotecan

Topotecan (Hycamtin) (Fig. 3) is approved as a second-line chemotherapy in patients
with advanced and metastatic forms of small-cell lung cancer, ovarian cancer and cervical
cancer and plays an important role in the treatment (in monotherapy or in combination with
other cytotoxic agents) of these diseases [92-96]. Topotecan alone or in combination has been
suggested to be active against retinoblastoma. It shows a favorable passage to the vitreous
when given intravenously and intraarterially, and ocular toxicity is minimal by all routes of
administration [97].
After GlaxoSmithKline received final FDA approval for Hycamtin Capsules in 2007,
topotecan became the first topoisomerase I inhibitor for oral application [98].
The standard regimen of topotecan has generally mild nonhaematological toxicity and
a well-defined haematological toxicity profile characterised by reversible and noncumulative
neutropenia [94].

4.4. Belotecan

Belotecan (7-{2-(N-isopropylamino)ethyl}-(20S)-camptothecin, CKD602; Camtobell,
Chong Keun Dang Corp., Seoul, Korea) (Fig. 3) is a synthetic derivative of camptothecin
[99]. This compound possesses a water-solubilizing group at position 7 of the B-ring and
higher water-solubility than the other camptothecin-derived anticancer drugs (>5 mg/kg). In
addition, a hydroxyl group (-OH) was also introduced at position 20 of the E-ring, which
enhances the anticancer activity of this agent [100].
The efficacy and safety of belotecan as a single agent and/or in combination with
anticancer agents have been evaluated in clinical trials in patients with small cell lung cancer
[101-104], ovarian cancer [105], carcinoma of the uterine cervix [106] with promising results
reported in some of them.
The combination of cilengitide (the first anti-angiogenic small molecule drug
candidate) [107] and belotecan has been demonstrated to express significant cytotoxicity and
apoptosis in cultured human glioblastoma cells (U87MG, U251MG) and to reduce the volume
of established U87MG tumors in nude mice [108]. Belotecan has been reported to show
synergism with cisplatin for growth inhibitory effect on some human gastric cancer cell lines
(SNU-5, SNU-16) [109].
The instability of the E-ring of camptothecins, along with their dose-limiting toxicity,
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are the two main factors, limiting their effectiveness. The α-hydroxylactone opens through
rapid hydrolysis (within minutes at physiological pH), forming the open ring carboxylate
form, which binds tightly to serum albumin. Irinotecan and topotecan are administered
intravenously, whereas oral formulations are not pursued, due to observed intestinal toxicity
of irinotecan. The effectiveness of irinotecan and topotecan are also affected by drug efflux
transporters (ABCG2) [110].
Many other water-insoluble (rubitecan, 9-aminocamptothecin, gimatecan, karenitecin,
DB-67, etc.) and some water-soluble (exatecan, lurtotecan, sinotecan) analogues are currently
under clinical evaluation [111]. There is also increasing interest in finding novel camptothecin
analogues based on the already accumulated scientific data and elucidation of the mechanism
of action of camptothecin as a topoisomerase I inhibitor [112].

5. CEPHARANTHINE
Cepharanthine (6',12'-Dimetoxy-2,2'-dimetyl-6,7-[metylenebis(oxy)]oxyacantan) (Fig.
4) is a naturally occurring biscoclaurine (bisbenzylisoquinoline) alkaloid extracted from the
roots of Stephania cepharantha Hayata (Menispermaceae) [113], which is widely used,
primarily in Japan, for the treatment of many acute and chronic diseases for more than 50
years.

Figure 4. Cepharanthine

Among the conditions treated with cepharanthine are venomous snakebites, idiopathic
thrombocytopenic purpura, xerostomia, sarcoidosis, refractory anemia, septic shock,
exudative otitis media, etc. The alkaloid is approved by the Japanese Ministry of health for the
treatment of radiation-caused leucopenia, alopecia areata and alopecia pityrodes [114, 115].
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Various biological activities have been proved to be mediated by cepharanthine including:
free-radical scavenging, membrane stabilizing, anti-inflamatory, antiallergic [114-118].
Cepharanthine has been reported to possess activity against various viruses including human
immunodeficiency virus (HIV-1) [119-121], wide type and lamivudine-resistant hepatitis B
virus

(HBV)

[122],

severe acute

respiratory syndrome coronavirus

[123].

The

antiplasmodial/antimalarial effect of cepharanthine (alone or in combination with antimalarial
drugs) has also been demonstrated [124-125]. There are data that cepharanthine may be
effective in the treatment of various types of ischemia-reperfusion injuries [126]. No safety
issues have been observed with cepharanthine, and side effects are very rare reported [115].
The antitumor potential of the alkaloid deserves a special interest. There are data that
cepharantine expresses anticancer properties in a number of ways including: cell cycle arrest
[127, 128]; triggering apoptosis [127-131]; induction of autophagy cell death [128-132];
inhibition of angiogenesis [133]; prevention of metastasis [134, 135]; sensitization to
anticancer drugs or radiation [136-140]; anti-inflammatory effects [114]; enhancement of
endogenous immune response [115].
The cytotoxic/cytostatic activity of cepharanthine has been demonstrated in a wide
variety of human cell lines established from some of the most common and/or invasive human
cancers such as NSCLC (A549, H1299) [131], breast cancer (MCF-7, MDA-MB-231) [128],
nasopharyngeal carcinoma [141], etc.
The therapeutic potential of cepharanthine against human cholangiocarcinoma
(CCA) - an aggressive and highly metastatic tumor with poor responses to traditional
chemotherapeutic agents, has been suggested. This alkaloids induces apoptosis (via caspase-3
and capase-9 activation) and significantly inhibits growth of human CCA cell lines in a
concentration- and concentration-dependent manner, regardless of the histologic type of
tumor origin; effectively reduces tumor size in CCA-inoculated mice without serious side
effects; increases cell apoptosis in primary histocultures of CCA patients' tissues [130]. In
addition, the anti-metastatic effects of cepharanthine on migration and invasion of human
CCA cell lines KKU-M213 and KKU-M214 has been also demonstrated. This effect can be
explained at least partially by the ability of cepharanthine to suppress function of intracellular
adhesion molecule-1 (ICAM-1) and matrix metalloproteinase-2 (MMP-2) [135].
The ability of cepharanthine to inhibit the nuclear factor-kappaB (NF-kappaB) activity
in cancer cells has been reported by different research groups [129, 130, 133]. Cepharanthine
can suppress angiogenesis and growth of human oral squamous cell carcinoma cells in vitro
and in vivo by inhibiting expression of vascular endothelial growth factor (VEGF) and
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interleukin-8 (IL-8) involved in the blockade of NF-kappaB activity [133]. NF-kappaB
has been suggested to be useful molecular target for treating primary effusion lymphoma
(PEL) - non-Hodgkin's lymphoma caused by the Kaposi sarcoma-associated herpes
virus - KSHV/HHV-8, that was originally identified in patients with HIV/AIDS, and
cepharantine is recognized as a promising therapeutic agent for PEL [129].
Pretreatment with cepharanthine may reduce the renal toxicity of cisplatin through
expression of metallothionein [142].
Cepharantine has been also reported to reverse multidrug resistance (MDR) by
inhibiting the PGP expression and function in MDR cancer cells [143, 144].

6. ELLIPTICINE
Ellipticine (5,11-dimethyl-6H-pyrido[4,3-b]carbazole) (Fig. 5) is a pyridocarbazole
alkaloid obtained from plant species (notably Aspidosperma, Tabernaemontana, Strychnos) of
several genera of the Apocynaceae family [145].

Figure 5. Ellipticine

Ellipticine is a DNA-damaging agent that functions as a prodrug. In the presence of
cytochrome P450 (CYP1A, CYP3A and cytochrome b5) it is oxidized to 8-hydroxyellipticine which is more potent than the parent compound [146-148]. This alkaloid can
induce the expression of these biotransformation enzymes in tumor tissues, thereby
modulating its own metabolism, leading to its genotoxic and pharmacological effects
[147-148].
Ellipticine is currently being actively investigated for its anticancer properties. The
alkaloid and its derivatives have been found to express antitumor properties through multiple
mechanisms involving cell cycle arrest and induction of cell death (apoptosis, autophagy)
[145, 149]. Various DNA-mediated mechanisms of antitumor, mutagenic and cytotoxic
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activities of ellipticine have been described: (i) intercalation into DNA, (ii) inhibition of DNA
topoisomerase II activity, and (iii) covalent binding to DNA [149]. The antitumor activity has
been suggested to be primarily mediated by the induction of DNA damage through the
inhibition of topoisomerase II and formation of DNA adducts [150]. The ability to restore the
transcription function of p53 tumor suppressor protein has been demonstrated [151].
Ellipticine has been shown to exhibit antitumor activity in various cell culture models
including human breast cancer [147], endometrial cancer [150], neuroblastoma [152], T cell
lymphoma [153]. There are data that it reduces the proliferation and self-renewal ability of
aldehyde dehydrogenase 1 A1 (ALDH1A1)-positive breast cancer stem cells (BCSCs) and
can be used in combination with paclitaxel for potential targeting of BCSCs [154]. The ability
to inhibit telomerase activity in MDA-MB-231 breast cancer cell line extracts has been
reported [155].
Various isoellipticines, isoellipticine derivatives and ellipticinium salts have been
found to posess promising antitumor activities [156-158].
The highly active and less toxic derivative 2-N-Methyl-9-hydroxyellipticine acetate
has been developed by Sanofi and is marketed in France under the trade name Celiptium for
the treatment of breast cancer [146]. This drug seems to particularly improve the condition of
patients suffering from oesteolytic breast cancer metastasis. Toxic side effects are nausea and
vomiting (one-third of the patients), hypertension (less than 10% of the patients), muscular
cramp (one-third of the patients), fatigue, which can be very pronounced (in most patients
after 3 months of treatment), mouth dryness, and mycosis of the tongue and esophagus (less
than 20% of the patients) [159].

7. LIRIODENINE
Liriodenine (8H-[1,3]benzodioxolo[6,5,4-de]benzo[g]quinolin-8-one) (Fig. 6) is a
natural oxoaporphine alkaloid isolated for the first time from Liriodendron tulipifera L.
(Magnoliaceae), and found subsequently in plant species of many genera [160], mainly in the
families of Magnoliaceae, Annonaceae, Rutaceae, Monimiaceae, and Menispermaceae [161].
This compound is widely distributed and acts as a chemotaxonomic marker in the
Annonaceae family [162].
Since 1975 various biological activities of liriodenine have been reported including its
antiarrhythmic [163, 164], antiplatelet [165-167], antibacterial [168, 169], antifungal [169,
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170] and mutagenic [171, 172] properties. Liriodenine has been reported to be active against
Leishmania donovani and Plasmodium falciparum [173].

Figure 6. Liriodenine

The alkaloid regulates dopamine biosynthesis by partially reducing tyrosine
hydroxylase activity (TH) and TH gene expression and has protective effects against
L-DOPA-induced cytotoxicity in PC12 cells (Rat adrenal phaeochromocytoma cell line
accepted as a suitable cell culture model for neurosecretion) [174]. The potential ability of
liriodenine to reduce the motor dysfunctions in Parkinson's disease and its effect on the
dopaminergic receptors have been recently discussed [175].
In addition, liriodenine has attracted attention for its antitumor activities. Liriodenine
has been proved to exhibit cytotoxic effect in various types of human cell lines including
A549 (NSCLC) [176]; SW480 (colon cancer) [177]; HepG2 and SK-Hep-1 (human liver
cancer) [178]; CAOV-3 (ovarian cancer) [179], HEp-2 (laryngocarcinoma) [180]. The
alkaloid exhibits moderate activity against four breast cancer cell lines - MCF-7, MCF-7
resistant to doxorubicin and two oestrogen receptor-deficient cell lines [181].
It has been suggested that several characteristics of the alkaloid contribute to its
anticancer properties: i) Due to its planar structure, liridodenine is able to incorporate itself
between adjacent base pairs of the DNA double helix molecule as an intercalating agent
[182]; ii) Liriodenine has been shown to be a potent inhibitor of topoisomerase II enzyme (EC
5.99.1.3) both in vitro and in vivo [182]; iii) Ability to block cell cycle progression. It has
been reported that liriodenine arrests cell cycle in G1 phase in HepG2 and SK-Hep-1 human
liver cancer cell lines [178]; in S phase in CAOV human ovarian cancer cells [179]; in G1/S
phase in SW480 human colon cancer cell line [177]; at the G2/M phase in A549 human
NSCLC cells [176]; iv) Potential to induce apoptosis [176, 179, 180].
Nitric oxide (NO) production and p53 tumor suppressor gene expression are reported
to be critical factors in liriodenine-induced inhibition in human wild-type p53 hepatoma cells
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[178]. Increased intracellular NO production, protein levels of inducible NO synthase and p53
have been found in SW480 human colon cancer cells after treatment with liriodenine [177].
Upregulated levels of p53 were detected also in HEp-2 human laryngocarcinoma cells [180].
Due to the planar character and N-7/O-8 electron donor sites, liriodenine has the
coordination capacity by forming chelates with several metal ions [161]. A platinum (II)
complex of liriodenine has been found to induce cell cycle arrest in human BEL-7404 human
hepatoma cells at both G2/M and S phase. It has been suggested that the nuclei, mitochondria
and telomerase via G-quadruplex DNA stabilization all should be key targets for the
antitumor mechanism of the complex, in which the central platinum (II) played a key role
[183]. Zn(II), Co(II), Fe(II) and Mn(II) complexes with liriodenine bind more intensively to
the DNA helix than does liriodenine [184]. It has been suggested that Liriodenine/Liriodenine
metal complexes may offer a promising new approach for the development of higly effective
and well tolerable anticancer agents [161]. However, the precise mechanism that underlies the
antitumor action of liriodenine and its metal complexes remains to be elucidated.

8. CONCLUSION
From 1960 to 1980, about 35,000 plant species were investigated for antineoplastic
activity by the National Cancer Institute of the National Institute of Health, USA [185],
resulting in the discovery of paclitaxel and camptothecin, and the introduction of two
powerful new groups of antitumor agents in clinical oncology (taxanes and camptothecin’s
analogues). Encouraging data from preclinical studies of diffrenet alkaloids and their
derivatives (including cepharanthine, ellipticine and liriodenine) show that some of them may
become a part of standard cancer treatment protocols. Thus, the investigations in this field are
hihly promising and have to be continued.
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ABSTRACT
Cancer is a multistep process and characterized by irregular proliferation of cells.
Usually these cells invade and destroy the normal cells, thus creating an imbalance in the
body. Cancer is caused due to various factors like tobacco consumption, exposure of body to
chemicals, dietary factors and environmental factors. Conventional medication for treatment
of cancer has several impacts on healthy cells. There is also a problematic issue of increase in
tumor resistance to the current therapeutic agents. Due to this, there is a great need to fight
this disease with more effective medication. Natural product plays an important role in fight
against cancer and provides a valuable gateway for the use and investigation of new
therapeutic agents. Medicinal plants represent a good source of discovery and development of
anticancer agents. Medicinal plants contain several biologically active compounds which
enable them to cure cancer. They contain various secondary metabolites which include
alkaloids, flavanoids, phenolics, carotenoids etc. Benefits of medicine from plant origin over
synthetic (chemical) medicine have increased the importance of medicinal plants in the field
of healthcare. Numerous medicinal plants are known to possess anticancer activity.
Phytocompounds from these plant sources can prevent cancer initiation, promotion and
progress by exerting anti-oxidant effects which mediates by the integration of NF-κB, Nrf2
and AP-1 signaling pathways. Overall this chapter provides a comprehensive repository for
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the scientific community working to develop new and improved medicines for cancer which
poses serious threat to mankind all across the globe.

Keywords: Medicinal plants; Cancer; Phytocompounds; Anticancer activity.

1. INTRODUCTION
Cancer is an abnormal growth of cells in our bodies that can lead to death. It destroys
the normal cells and creates and imbalance in the body. It is one of the most severe health
problems in both developing and developed countries. It is very difficult to find the specific
cause for cancer. However, tobacco use, alcohol consumption, environmental pollutant,
infectious agents, custom habits and lifestyles are some commonly known reasons responsible
for this disease.
Environmental factor that contributes to the cancer deaths includes tobacco, obesity,
radiation, infection, heredity, stress, environmental pollutants and lack of physical activity
(lifestyle, economic and behavioral factors). Smoking causes 90% of lung cancer [1]. It also
causes kidney, stomach, pancreas, larynx, and bladder cancer [2]. Tobacco is responsible for
about one in five cancer death cases globally [2].
Physical inactivity, obesity and diet are related to 30-35% of cancer deaths [3].
Physical inactivity is believed to contribute to the cancer risk. More than half of the effect
from diet is due to the over nutrition. Some specific foods are related to the specific type of
cancers like high salt diet causes gastric cancer, aflatoxin B1 causes liver cancer and chewing
betel nut causes oral cancer [4].
Exposure to ionizing and non ionizing ultraviolet radiation causes cancer (up to 10%).
Source of ionizing radiations includes radon gas and medical imaging; this radiation is not
particularly a strong mutagen. When radiation combines with other cancer causing agents then
it is more potent like radon with the tobacco smoke [5]. Prolonged ultraviolet ray exposure
from sun light leads to skin cancer.
Hereditary also causes cancer in some cases, less that 0.3% population carries genetic
mutations that cause cancer. Examples of cancer due to hereditary include inherited mutation
in BRCA1 and BRCA2 genes, hereditary non-polyposis colorectal cancer. Some hormones
also play an important role in the cancer development by promoting the cell proliferation [6].
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Insulin like growth factors and their binding proteins play an important role in proliferation of
cancerous cell [7].

Figure 1. Development of cancer

‘Staging’ is a very important parameter in determining the severity of cancer.
Depending on the stage of cancer, patients can be recommended drugs accordingly. There are
four stages of cancer, each showing different properties and symptoms. These are tabulated as
under:
STAGE 1

This is the primary stage of cancer with no visible symptoms. The tumour is
not fully grown. A routine medical examination can help detect the presence of
first stage cancer. If cancer is detected in this stage it would be easier to cure it.

STAGE 2

The tumour in this case is easily visible through scans. There are a few visible
symptoms.

STAGE 3

The benign tumour is fully grown with detectable symptoms.

STAGE 4

This is the terminal stage cancer and no cure is possible in this stage. There is
metastasis (spread) of tumour to distant parts of body. There are visible
symptoms of cachexia (sudden significant weight loss), patches on skin in case
of skin cancer.

There is an alternative approach to categorize cancer based on its severity and expansion as:
T

This is the first stage of cancer, and its severity depends on the spread of tumour from
its original location.

N

Cancer is staged ‘N’, when the tumour spreads from its original location to lymphatic
nodes.
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M

This is the stage where the tumour has metastasized to distant locations in the body and
there is no possible cure for it.

Figure 2. Types of cancer

The important preventive methods for most of the cancers include dietary changes,
stopping the use of tobacco products, treating inflammatory diseases effectively, and taking
nutritional supplements that aid immune functions. Current treatment for the cancer includes
radiotherapy, chemotherapy and chemically derived drugs. Most commonly used cancer
chemotherapy includes anti-metabolites, alkylating agents, platinum analogs and anti-tumor
antibiotics. However, chemotherapy and radiotherapy puts patients under lots of strain and
further causes health damage. Thus discovery of new anticancer agents from nature,
especially plants is currently under investigation. Plants have always been a basis for the
traditional medicine systems and they have provided continuous remedies to the mankind for
thousands of years. Therapeutic potential of plants is based on the findings of thousands of
years of use. First written records on hundreds of medicinal plants including opium and myrrh
are listed on the clay tables [8]. Herbal medicines have been used for the centuries to treat
various diseases. Herbal medicine uses plant extracts to treat the disease and promote the
health of the patient. Aim of the herbal medicine is to restore the ability of body to protect,
regulate and heal. Several modern drugs are made from the medicinal plants. Herbal products
are taken in form of powder, paste, pills, liquid or raw material (extract). Use of certain herbal
products tends to produce side effects and toxicities. In most cases, problem arises due to the
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inappropriate use of the herbal products, mislabeling of plant materials, botanical
misidentification, etc. This can be toxic when used for inappropriate indications or used in
large amount or prepared inappropriately [9]. Therefore investigation on the herbal medicine
efficacy is important to prevent from adverse effects. Thus, research has developed ways to
find potential use of plant extracts for the treatment of cancer. Many plants have been already
used to treat the various forms of cancer. Medicinal plants are considered as a repository of
various bioactive compounds and they show wide range of biological activity which includes
anti-tumor, anti-viral, anti-inflammatory and anti-malarial activity. Knowledge of the
medicinal plants for the preparation of various drugs has been of great significance. Medicinal
plants are considered as a rich source of wide variety of ingredients which can be used for the
development of drug. Anticancer properties of several medicinal plants are used to find a lead
compound that can block the development of cancer. Medicinal plant has various secondary
metabolites such as terpenoids, flavanoids, alkaloid and steroids that have different
pharmacological properties [10]. Medicinal plants such as Allium sativum, Annona muricata,
Berberies aristata, Catharanthus roseus, Linum usitatissimum, Podophyllum hexeandrum,
Rubia cordifolia, Withania somnifera, etc., show potential role in the inhibition of cancer cell
proliferation. Therefore this chapter provides an overview of various medicinal plants and
their major bioactive compounds utilized for treatment of cancer.

2. ANTICANCER ACTIVITY OF MEDICINAL PLANTS

2.1. Allium sativum

Allium sativum belongs to the Alliaceae family and native to the region between
Mediterranean and China. It contains ajoene, allicin, alliin, allixin, γ-glutamyl-S-2-propenyl
cysteine, diallyl disulfide, methyl allyl disulfide, S-allyl-cysteine and 1,2-vinyldiithin. Allicin
shows antitumor activity in L5178Y lymphoma bearing mice. Methanolic extract of
A. sativum (MEAS) shows anticancer activity against MCF7, A549 & DU145 and cell
carcinoma of the bladder [11, 12].

2.2. Annona muricata
Annona muricata belongs to the Annonaceae family and commonly known as
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Graviola. It contains acetogenins, β-sitosterol, stigmasterol, phenols, alkaloids, annoionoside,
annoionol A, B, C, lycopene, lutein etc. It is distributed in the tropical regions of Central and
South America, Western Africa and Southeast Asia. Acetogenins is the main compound and
found in the leaves, seeds, bark and fruit of this plant. Acetogenis block the adenosine
triphosphate production which inhibits the pump that removes cancer drug from the cell [13].
Acetogenins is identified to be toxic for various cancer cell lines such as pancreatic cancer,
breast cancer, colonic adenocarcinoma, liver cancer and lymphoma [14].

2.3. Astragalus membranaceus

Astragalus membranaceus belongs to the Fabaceae family and is commonly known as
Mongolian milkvetch. It contains astragloside, astraglan, calycosin, soyasapogenoside,
quercein, kaempferol, etc. This plant is typically found in parts of China. It is used by the
Chinese doctors to treat advanced cases of the liver cancer. A study reported that
administration of this plant along with conventional treatment has shown higher survival rate
of patients with advanced stage liver cancer as compared to the patients who were given
conventional treatment. Astragalus membranaceus protects liver from toxic effects of
chemotherapy [15]. Swainsonine which is an important compound of this plant is known to
prevent metastases [16].

2.4. Azadirachta indica

Azadirachta indica belongs to the Meliaceae family and found in India and
Indian subcontinent. It contains nimbin, nimbanene, nimbandiol, nimbolide, ascorbic acid,
n-hexacosanol and amino acid, nimbiol, etc. It has been used for the treatment of skin cancer,
buccal cancer, mammary cancer, prostate cancer and gastric cancer [17]. Ethanolic extract of
Azadirachta indica causes prostate cancer cell death by apoptosis induction. It acts in a dose
dependent manner and increase the fragmentation of DNA [18].

2.5. Berberis aristata

Berberis aristata belongs to the Berberidaceae family and commonly found in
temperate and sub-tropical regions of Asia, Europe, and America. It is commonly known
as Daruhaldi and roots of this plant contain berberine, berbamine, oxyxanthine,
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jatrorhizine, epiberberine [19]. Methanolic extract of B. aristata showed potential anticancer
activity against the human colon cancer cell line and inhibits HT29 cells in a concentration
dependent manner [20]. It also significantly inhibits the carcinogenesis induced by
20-methylcholantherene in a dose dependent manner [21].

2.6. Camellia sinensis

Camellia sinensis belongs to the Theaceae family and is commonly known as green
tea. It contains caffeine, theobromine, gallic acid, catechin, ampelopsin, epicatechin, etc. This
plant is native to East Asia, the Indian Subcontinent and Southeast Asia but in today’s time it
is cultivated also in tropical and subtropical regions in the world. It contains polyphenolics
possess anti-cancer and anti-mutagenic activity. Some evidence suggested that this plant has a
protective effect against the colon and stomach cancer [22]. A study reported that green tea
extract significantly inhibited the liver and leukemia tumor cells from DNA synthesis [16]. It
also inhibits the cancer growth by eliminating the free radicals from the body.

2.7. Cannabis sativa

Cannabis sativa belongs to the Cannabinaceae family and native to the South Africa.
It contains cannabinoids, cannabinol, anandamide, pinene, myrcene, etc. Cannabinoids shows
potential inhibition towards cancer based on the experiments performed both in cultured cells
and in animal models of cancer [23]. Cannabinoids present an interesting therapeutic potential
such as antiemetics, analgesics, appetite stimulants in debilitating diseases, treatment of
multiple sclerosis, spinal Tourette’s syndrome, cord injuries, glaucoma and epilepsy [24].
Antineoplastic and proapoptotic properties of cannabinoids show emphasis effects of
N-acylethanolamines [25]. Cannabinoids induces cancer cell death by apoptosis and inhibits
proliferation of cancer cell [26].

2.8. Catharanthus roseus

Catharanthus roseus is an important medicinal plant and belongs to the Apocynaceae
family. It is commonly known as Madagascar periwinkle. It contains actineoplastidemeric,
vinblastin, vincrestine, vindesine, vindeline, tabersonine etc. Catharanthus is native to
Madagascar but now-a-days it is being cultivated in Tanzania, Kenya, Kisi and many other
Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

60

countries. This plant is used for the treatment of cancer, diabetes, fever and hypertension [27].
It contains many bioactive compounds which include vinblastine, vincristine, ajmalicine and
serpentine [28]. Vinblastine and vincristin are commonly used for the treatment of leukemia
and lymphoma [28].

2.9. Curcuma longa

Curcuma longa is commonly known as haldi in Hindi, harida in Sanskrit and turmeric
in English. It is belongs to the Zingiberaceae family. This plant is native to Southern Asia and
is also used as a coloring agent in Bangladeshi cuisine, Indian cuisine and also for many other
purposes. It contains curcumin, curcuminoids, essential oil, turmerone, monoterpenes,
diarylpentanoids, diterpenes, sesquiterpenes, triterpenoids, sterols, alkaloid, etc. Curcumin is
the active ingredient of this plant, which is a polyphenol derived from plant rhizome and this
plant is used for both cancer prevention and treatment. Curcumin shows protective effect by
inhibiting the growth of several angiogenesis associates and tumor associated genes [29].
Curcumin possess anti-proliferative property by down regulating the numerous gene
expressions which includes activator protein 1, NF-kappa B, cycloxygenase 2, epidermal
growth receptor 1, nitric oxidase synthase and tumor necrosis factor [30].

2.10. Glycine max

Glycine max belongs to the Fabaceae family and native to East Asia. It is commonly
known as Soya bean and rich in selenium, zinc, vitamins, isoflavones, amino acids,
phytosterols and saponons. A study reported that soybean agglutinin inhibits the tumor
growth in rats [31]. Isoflavones converts cancer cells to the normal by inducing cell
differentiation. Genistein induce apoptosis in the cancer cells [16].

2. 11. Linum usitatissimum

Linum usitatissimum belongs to the Linaceae family and is rich in lignans. This shortlived perennial plant found in the western and southern Europe and western Asia. These plant
lignans are converted to mammalian lignans (enterodiol and enterolactone) by bacterial
fermentation in the colon [32] and they can then act as estrogens. Mammalian lignans appear
to be anti-carcinogenic, lignan metabolites bear a structural similarity to estrogens and can
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bind to estrogen receptors and inhibit the growth of estrogen-stimulated breast cancer [33].
Root extract of Linum usitatissimum induce significant amount inhibition of cell vitality
and proliferation without performing the strong cytotoxicity in the human breast cell line
MCF7 [34].

2.12. Podophyllum hexeandrum

Podophyllum hexeandrum belongs to the Podophyllaceae and found in Himalayan
region. It is commonly known as Mayapple and contains podophyllotoxin, kaempferol,
quercetin, asiragalin, essential oil, podophyllin. Podophyllotoxin has been used for the
treatment of testicular and lung cancer as well as in certain leukemias [35]. Podophyllotoxin
majorly found in the roots of this plant and used for the treatment of cancers, ulcers, wounds,
constipation and tuberculosis [35].

2.13. Oroxylum indicum

Oroxylum indicum belongs to the Bignoniaceae family and is native to the
Indian subcontinent. It contains baicalein, chrysin, oroxylin, scutellarein, pinostrobin,
stigmast-7-en-3-ol. Several studies have shown the anticancer potential of this plant in various
models. Ethanol extract (95%) of this plant showed cytotoxic effects against the Hep2 cell
lines at 0.05% concentration [36]. Baicalein showed the antitumor effect on the human cancer
cell lines and inhibits proliferation of HL-60 cell lines up to 50% at 25-30 µM concentration
[37]. Aqueous and methanolic extract of Oroxylum indicum showed cytotxicity in selected
tested cell lines and both the extracts exhibited moderate level of DNA protection against the
oxidative stress [38].

2.14. Punica granatum

Punica granatum belongs to the Lythraceae family and fruit bearing deciduous shrub
which is commonly known as pomegranate. It is originated in Iran and has been cultivated
since ancient times throughout the Mediterranenan region and northern India. It is rich source
of phenolic compounds, ellagitannins (ETs) and ellagic acid (EA) that metabolically convert
to urolithins by the gut microbiota. Urolithins are found in high concentrations in colorectal
cancer patients and urolithins inhibit proliferation of cancer cells and interfere with cell cycle
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and induce apoptosis [39]. In a study, potential of pomegranate ellagitannins-derived
compounds exhibited anti-proliferative and anti-aromatase activities in breast cancer
cells [40].

2.15. Rubia cordifolia

Rubia cordifolia belongs to the Rubiaceae family and is commonly known as Indian
madder. It contains cordifoliol, cordifodiol, anthraquinone, alizarin, etc. Mollugin showed
anticancer activity against the lymphoid leukemia in mice and also inhibited the passive
cutaneous anaphylaxis in rats [41]. Quinones and hexapeptides found in this plant showed the
potential antitumor activity by 80S ribosome binding and this resulted in the inhibition of
peptidyl tRNA and aminoacyl-tRNA binding which is required for the protein synthesis [42].

2.16. Silybum marianum

Silybum marianum belongs to the Asteraceae family and native to Southern Europe to
Asia. It contains silymarin, silydianin, silychristin, silibinin, tyramine, histamine, essential oil,
gamma linoleic acid, mucilage, etc. Silymarinis is the main compound of this plant which
showed anticancer property against UV radiation induced skin cancer in mice and reduces the
tumor multiplicity up to 78% [43]. Silymarins down regulates the gene product which is
associated in the tumor cells proliferation, angiogensis, invasion and metastasis [44]. Silibinin
also showed beneficial role in the human breast cancer [45]

2.17. Taraxacum officinale

Taraxacum officinale belongs to the Asteraceae family and is commonly known as
Dandelions. It is a perennial plant and found in the temperate regions of the world such as
Western, Central and Southern Europe, Northwest Africa, Northern Iran and Southwest Asia.
It contains glycosides, terpenoids, carotenoids, choline, potassium salts, vitamin A, lecithin,
etc. Taraxacum officinale decreased cell viability and increased the production of tumor
necrosis factor α and interlukine-1α [46]. Leaves, root and flowers extracts of this plant was
investigated against progression of tumor, among all the extracts leaf extract showed
inhibition of breast cancer cell growth [47].
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2.18. Vernonia amygdalina

Vernonia amygdalina belongs to the Compositae family and grows in tropical Africa.
The bitterness in the plant extract is due factors such as glycoside, saponins, alkaloids and
tannins. Vernonia amygdalina reverses the tumor in 106 MCF-7 breast cancer cells and also
increased the basal apoptotic but decreased the angiogenic activity in mice [48]. Vernonia
amygdalina shows anticancer activity in the human breast cancer cell lines (MCF-7 and
MDA-MB-231) and inhibits the proliferation of cell lines in a dose and time dependent
manner [49].

2.19. Vismia laurentii

Vismia laurentii belongs to the Guttiferae family and is found in the tropical and
sub-tropical regions of world. It contains anthraquinones, xanthones and prenylated anthrones.
It is used for the treatment of wounds and skin diseases. Xanthone V1 has shown anticancer
potential against numerous cancer cell lines. It induces apoptosis and caspase-3 activity in
CCRF-CEM cell line [50]. Fruits and seeds of this plant contain xanthones, naphtoquinones
and anthraquinones which are thought to be responsible for the anticancer activity of this
plant [51].

2.20. Withania somnifera

Withania somnifera is commonly known as ashwagandha in Hindi and Sanskrit,
winter cherry in English. It belongs to the Solanaceae family and contains withanolides,
withaferins, anferine, isopellertierine and sitoindosise. This plant grows majorly in India
(especially Madhya Pradesh), Pakistan, Bangladesh, Sri Lanka and parts of Northern Africa.
Due to its medicinal properties, leaves and roots have been used in the Indian traditional
system of medicine and marketed globally. Extract of Withania somnifera modulates various
biological responses [52]. It has been used in various preparations for its anti-stress,
anti-peroxidative, anti-ageing, anti-inflammatory, anti-oxidant, anti-tumor, cardiotonic, and
immunomodulatory properties [53]. Withanolide A and withaferin A is the main constitute of
this plant. Withaferin A which is mostly present in the leaves produces rapid apoptosis in the
cancer cells. Cell signaling pathways by this plant formulation largely depends up on the high
content of withferin A present in it [53].
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3. SOME OTHER MEDICINAL PLANTS WITH ANTI-CANCER
ACTIVITY
Plant derived anticancer agents are effective inhibitors of cancer cells lines. Due to
which there is a high demand of these plants for the production of therapeutically important
compounds. There are several other medicinal plants all over the world, which are being used
traditionally for cancer prevention and treatment. Some phytochemicals that are important
active constituents of plants, including catechins, ursolic acid, silymarin, hecogenin
glycyrrhizin, berberine, campothecin, gallic acid and various types of flavonoids, have shown
promise in future cancer management. Some of the other medicinal plants that possess
anticancer activity are discussed in the Table 1.

Table 1. List of other medicinal plants with anticancer activity
Plants

Family

Anti-cancer agents

References

Rutaceae

Lupeol

[54]

Simaraubaceae

Ailantenol, ailnthanone

[55]

Andrographis paniculata

Acanthaceae

Andrographolide

[56]

Apium graveolens

Umbelliferae

Apigenin

[57]

Liliaceae

Aloe-emodin, emodin

[58, 59]

Alpinia galanga

Zingiberaceae

Pinocembrin

[54]

Ananas comosus

Bromeliaceae

Ananas bromelain

[60]

Aphanamixis polystachya

Meliaceae

Amooranin

[54]

Astragalus membranaceus

Papilionaceae

Swainsonine

[61]

Berberis vulgaris

Berberidaceae

Berberine

[54]

Betulaceae

Betulin

[62]

Apocynaceae

Ellipticine

[63]

Brucea antidysenterica

Simaraubaceae

Bruceantin

[63]

Campotheca acuminate

Nyssaceae

Campothecin

[63]

Chlorella pyrenoidosa

Oocystaceae

Lysine

[64]

Cephalotaxaceae

Homoharringtonine

[63]

Aegle marmelos
Ailanthus altissima

Aloe ferox

Betula utilis
Bleckeria vitensis

Cephalotaxus harringtonia
Chelidonium jajus

Papaveraceae

Colchicum luteum

Liliaceae

Sanguinarine, chelerythrine,
berberine
Colchicines, demecolcine
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Plants

Family

Anti-cancer agents

References

Croton lechleri

Euphorbiaceae

Taspine

[67]

Diphylleia grayi

Berberidaceae

Diphyllin

[63]

Dysoxylum binectariferum

Meliaceae

Rohitukine

[63]

Echinops setifer

Asteraceae

Echinopsine

[18]

Erythronium americanum

Liliaceae

α-methylenebutyrolactone

[68]

Euphorbia semiperfoliata

Euphorbiaceae

Jatrophane

[67]

Fagopyrum esculentum

Polygonaceae

Rutin

[66]

Indigofera tinctoria

Leguminosae

Indirubins

[63]

Ginkoaceae

Ginkgolide

[69]

Leguminosae

Glycyrrhizin

[70]

Malvaceae

Gossypol

[71]

Ginkgo biloba
Glycyrrhiza glabra
Gossypium barbadense
Hydrastis canadensis

Ranunculaceae

Berberastine, candaline,
hydrastine
Tridecanone, juncanol, effusol,

[72]

Junchus effuses

Juncaceae

Lantana camara

Verbenaceae

Larrea tridentate

Zygophyllaceae

Terameprocol

[73]

Lentinus edodes

Agaricaceae

Lentinan

[74]

Caprifoliaceae

Luteolin

[75]

Icacinaceae

Camptothecin

[76]

Lonicera japonica
Mappia foetida

phenylpropanoid
Isocamerine, camerine,
lantanine, lantadene, micranine

2-acetylfuro-1,4-

[18]

[67]

Newbouldia laevis

Bignoniaceae

Nigella sativa

Ranunculaceae

Olea europea

Oleaceae

Oleic acid

[18]

Ocimum sanctum

Lamiaceae

Eugenol, orientin, vicenin

[54]

Oldenlandia diffusa

Rubiaceae

Ursolic acid

[54]

Paris polyphilla

Trilliaceae

Polyphyllin

[77]

Berberidaceae

Podophyllin

[78]

Plumbaginaceae

Plumbagin

[79]

Prunella vulgaris

Labiatae

Oleanolic acid, ursolic acid

[54]

Psoralea corylifolia

Fabaceae

Podophyllum hexandrum
Plumbago zeylanica

naphthoquinone
Thymoquinone,
dithymoquinone

Bavachinin, psoralen,
psoralidin
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Plants

Family

Anti-cancer agents

References

Pteris multifida

Pteridaceae

Pterokaurane

[67]

Rubia cordifolia

Rubiaceae

Scrophularia nodosa
Taxus brevifolia

Scrophulariaceae
Taxaceae

Zingiber officinale

Zingiberaceae

Ziziphus nummularia

Rhamnaceae

Rubidianin, rubiadin, purpurin,
xanthopurpurin
Iridoid
Taxanes, taxol
cepholomannine
Curcumin, gingerenone A,
gingeols, zingerone
Betulinic acid, betulin

[54]
[80]
[81]

[82]
[83]

4. CONCLUSION
Every year, cancer takes the life of millions of people. Various therapies are available
for the cancer treatment but they have several limitations such as kidney damage, gastrointestinal disorder, etc., due to which an alternative solution to this problem is required. Plant
derived compounds possessing anti-cancerous activities have received huge amount of
scientific attention. They play vital role in the cancer prevention and treatment.
Pharmaceutical research has been done in countries like Germany, USA, Japan, France and
China to improve the quality of herbal medicine for the cancer treatment [84]. Plants are the
major source of secondary metabolites and an important source of pharmaceutical drugs.
Herbal drug treatment is an ideal choice as it is comparatively cheaper and may be highly
recommended to the poor and rural people for the effective treatment of cancer. Anticancer
agents discovered from medicinal plants have played an important role in cancer treatment. It
is documented that medicinal herbs have rich anticancer potential due to their immunemodulatory and antioxidant properties, and on the forefront whenever we talk about
anticancer remedies, they are a significant source of synthetic and/or herbal origin. Bioactive
compounds significantly influenced the cancer research on various aspects. Secondary
metabolites from medicinal plants inhibits the DNA damage, arrest the cell cycle, inhibits the
tumor cell angiogenesis and induce apoptosis thus prevents the cancer. Researchers must pay
attention to the scientific rigor of studies of herbal drugs in the future to improve the status.
Only few medicinal plants have been explored for their biological activity from 1000 species,
so further investigations of plants in cancer treatment show a promising activity and it must
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be taken into consideration. Therefore in this chapter selected plants have been explored for
their biological activity and further more efforts are required to explore potent anticancer
plants from nature to save humans life across the world from cancer.
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ABSTRACT
In this chapter, most commonly used medicinal plants in complementary medicine in
Croatia are reviewed: chamomile, lavender, chaste tree, black elder, hypericum, buckthorn,
rosemary, and sage. These plants contain various biologically active substances such as
flavonoids, phenolic acids, tannins, essential oils and anthraquinones which are responsible
for different pharmacological activities such as anti-inflammatory, antibacterial, antifungal,
hepatoprotective, etc. Description of each medicinal plant includes: botanical designation,
medicinal drugs, origin, distribution, parts used for medicinal purpose with the chemical
constituents responsible for specific pharmacological activity along with mechanism of action
accompanied with chemical structure, pharmaceutical forms of drugs accompanied by dosage,
side effects, contraindication and precaution, adulterants identifiers, possible substitutes,
processing and information about available commercial products on national and international
levels, where applicable. Information provided include summary of basic knowledge of the
plant and is accompanied with recent researches in this field.

Keywords: Medicinal plants; Croatia; Chamomile; Lavender; Chaste tree; Black elder;
Hypericum; Buckthorn; Rosemary; Sage.
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1. INTRODUCTION
In this chapter, the most characteristic medicinal plants from Croatia are described,
namely: Chamomilla recutita (L.) Rauschert, Lavandula officinalis L., Vitex agnus-castus L.,
Sambucus nigra L., Hypericum perforatum L., Rhamnus frangula L., Rosmarinus officinalis
L. and Salvia officinalis L. These plants contain various biologically active substances such as
flavonoids, phenolic acids, tannins, essential oils and anthraquinones which are responsible
for different pharmacological activities such as antiinflammatory, antibacterial, antifungal,
hepatoprotective, etc. Descriptions include: botanical designation, photographs of plants and
drugs, origin, distribution, parts used for medicinal purpose with the chemical constituents
responsible for specific pharmacological activity. These are accompanied with a mechanism
of action and related to chemical constituents. Application and appropriate pharmaceutical
forms of drugs are suggested. These are followed by side effects, contraindication and
precaution. Possible adulterants and substitutes that can be used erroneously or as a
replacement, respectively, are stated. If data is available, information on processing and
available commercial products on national and international levels is given.
According to the information provided by Croatian Central Bureau of Statistics in year
2007, 2207 tones of medicinal and aromatic plants were produced on the total surface of
about 2200 hectares. The most cultivated medicinal plants are chamomile (88% of total
surface) and lavender (11%). These plants as well as chaste tree, black elder, St John’s Wort,
buckthorn, rosemary and sage, on which we have worked in the last decade were selected as
major representatives of Croatian medicinal plants, due to high content of biologically active
substances. Information provided include summary of basic knowledge of the plant and is
accompanied with recent researches in this field.

2. Chamomilla recutita
Chamomilla recutita (L.) Rauschert (Fig. 1) is found under these common names:
chamomile, camomile, camamilla, camomilla, chamomille, Commune (Eng.), Kamille,
Kamillen (Ger.), fleurs de petit camomille, matricaire (Fr.), manzanilla (Sp.). It is a 10-30 cm
tall herbaceous annual with erect, branching stems and alternate, divided leaves. The
capitulum comprises 12-20 white ligulate flowers surrounding a conical hollow receptacle on
which numerous tubular florets are inserted. The fruits are small, smooth, yellowish. The
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herbal drug, Chamomillae flos (Fig. 1), consists of the dried flowering heads of Chamomilla
recutita (L.) Rauschert (synonyms: Matricaria chamomila L., M. recutita L.), Asteraceae
[1, 2]. The flowers are separated from plant and on basis of length of pedicle are classified
in I and II class used as row material and third class is used for water distillation of
essential oil.
The plant is indigenous to northern Europe and grows wild in central European
countries; it is especially abundant in Eastern Europe. This species is also found in western
Asia, the Mediterranean region of northern Africa and the United States of America. It is
cultivated in many countries because of the great interest of pharmaceutical, cosmetic and
food industries.

Figure 1. Chamomilla recutita

Flower heads are used for medicinal purpose. They are gathered when plants are in
full blossom and dried. The drug Chamomillae flos or Matricariae flos is official in many
pharmacopoeias. It contains an essential oil, which has an intense blue color owing to its
chamazulene content. Other major constituents of the oil include bisabolols and its oxides and
en-in-dicycloethers. The drug also contains flavonoids (apigenin and related flavonoid
glycosides) and coumarins. Chemical structures of constituents are presented in Fig. 2 [3, 4].
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In vitro, chamomile extracts inhibited both cyclooxygenase and lipoxygenase and thus
the production of prostaglandins and leukotrienes, known inducers of inflammation [5]. Both
bisabolol and bisabolol oxide have been shown to inhibit 5-lipoxygenase, but bisabolol was
the more active. The antiinflammmatory effect of matricin, chamazulene, bisabolol and its
oxides in various animal models, such as inhibition of carrageenin-induced rat paw oedema,
have been demonstrated, although their activity was somewhat less than of salicylamide [6].
Topical application of either the total chamomile extract, or the flavonoid fraction, was very
effective in reducing inflammation. Apigenin and luteolin were more active than indometacin
and phenylbutazone. Intradermal application of liposomal apigenin-7-glucoside inhibited, in a
dose dependent manner, skin inflammations induced in rats by xanthine oxidase and cumene
hydroperoxide [7]. A hydroalcoholic extract of chamomile inhibited the growth of
Staphylococcus aureus, Streptococcus mutans, group B Streptococcus, Streptococcus
salivarius and it had a bactericidal effect in vitro on Bacillus megatherium and Leptospira
icterohaemorrhagiae. In vitro, the volatile oil of chamomile also inhibited Staphylococcus
aureus and Bacillus subtilis [8]. It acts as spasmolitic, antiphlogistic and helps healing
wounds. Internal Chamomillae flos is used for symptomatic treatment of digestive ailments
such as dyspepsia, epigastric bloating, impaired digestion and flatulence [9, 10]. Infusions of
this drug have been used in the treatment of restlessness and in mild cases of insomnia due to
nervous disorders [11]. External it is used against inflammation and irritations of the skin and
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mucosa (skin cracks, bruises, frostbite and insect bites), including irritations and infections of
the mouth and gums and haemorrhoids. Inhalation - symptomatic relief of irritations of the
respiratory tract due to the common cold.
Preparations of this drug are: dried flower heads, liquid extract (1:1 in 45% alcohol),
tinctures and other galenicals. If used internally adult, average daily dose of flower heads is
2-8 g usually divided in 3 doses a day. Fluid extract is usually used in ratio 1:1 to 45% ethanol
with a daily dose of 1-4 ml, 3 times a day. Child dose of flower heads is up to 2 g, 3 times
daily and of fluid extract half of the dose for adults. However, ethanol extracts should not be
used by children under 3 years of age. Externally chamomile can be used for compresses,
rinses or gargles as 3-10% (30-100 g/l) infusion, 1% fluid extract or 5% tincture. If used for
baths concentrations are lower 5 g/l (0.5%) of water or 0.8 g/l (0.08%) of alcoholic extract.
For vapour inhalation 6 g of the drug or 0.8 g of alcoholic extract are mixed per litre of hot
water [1]. The presence of lactones in Chamomillae flos - based preparations may cause
allergic reactions in sensitive individuals and there have been reports of contact dermatitis due
to chamomile preparations [12]. It should be noted that very few cases of allergy specifically
attributed to German chamomile [13]. A few cases of anaphylactic reactions to the ingestion
of Chamomillae flos have also been reported. Chamomile is contraindicated in patients with a
known sensitivity or allergy to plants of the Asteraceae such as ragweed, asters and
chrysanthemums. No information available concerning general precautions, drug interactions,
drug and laboratory test interactions, non-teratogenic effects on pregnancy, nursing mothers,
or paediatric use.
Substitutes and adulterants identified for this plant are: Anthemis nobilis L., Anthemis
cotula L., Anthemis arvensis L., Matricaria inodora L. (Tripleurospermum inodorum L.).
Chamomilla recutita has a conical hollow receptacle, while the substitutes and adulterants
have cylindrical or globular receptacle.
Chamomile is used in a variety of cosmetic products (Kamagel®, Decumil® cream),
also as drops for relieving pains during the growth of teeth in babies (Miradent®) [14, 15]. It
is one of the constituents in Unguentum haemorrhoidale [16]. Most of the commercially
available products of chamomile are monocomponent and traditional, so the commercial
production could be focused on combinations with other herbal drugs and new formulation
like patches for dermatological purpose.
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3. Lavandula officinalis
Lavandula officinalis (L.) Chaix ex Mill. (Fig. 3) is known under these names:
lavender (Eng.), Lavendel (Ger.), lavande (Fr.). Lavandulae flos consists of the dried flowers
of Lavandula officinalis (L.) Chaix ex Mill. (synonyms: L. angustifolia Mill. and L. vera
DC.), Lamiaceae [1].
Lavandula officinalis grows as shrub up to 60 cm in height. The leaves are narrow
lanceolate and the flowers are bluish tubular-bilabiate. Lavender prefers a temperate climate,
so it is present in Mediterranean region. It is mainly cultivated in France, Croatia (islands),
Spain and Bulgaria for the distillation of an essential oil. Flowers are used for medicinal
purpose. The drug Lavandulae flos contains essential oil - Lavandualae aetheroleum which is
produced by water distillation; pale yellow in color. To preserve the essential oil flowers
should be collected before flowering [17].
Lavender contains an essential oil, tannins, flavonoids, phenolic acids, coumarins and
phytosterols. Lavandulae aetheroelum contains linalyl acetate, linalool, borneol, isoborneol,
cineole and camphor in smaller amounts. Structures of major constituents of an essential oil
are shown on Fig. 4 [17].

Figure 3. Lavandula officinalis

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

79

linalyl acetate
CH3

O

H3C

H3C

linalool

CH2

CH3

CH3

borneol

H3C

OH

H3C

CH3 O

CH3

CH2

CH3

camphor

CH3
H3C
H3C

cineole
O
CH3

CH3

OH

CH3

O

Figure 4. Major constituents of Lavandulae aetheroleum

Based on comparison of SCF-CO2 and hydrodistillated essential oil linalyl acetate has
been identified as the major antibacterial component. Antimicrobial effect of linalyl acetate
may result, at least partially, from a perturbation of the lipid fraction of microorganism
plasma membrane, resulting in alterations of membrane permeability and in leakage of
intracellular materials. Penetration and interaction with intracellular site critical for
antibacterial activity is also plausible site of action on the basis of lipophylicity [18]. Linalool
is one of the components responsible for antifungal activity that was demonstrated on
Candida albicans [19]. Linalyl acetate relaxes the vascular smooth muscle through partially
activation of nitric oxide/cyclic guanosine monophosphate pathway and partially MLC
dephosphorylation via activating MLC phosphatase [20]. Analgesic activity of lavender oil is
achieved via opioidergic as well as cholinergic pathways, but no activity was detected with
linalyl acetate and linolool on their own [21]. Antiinflammatory effect of linalool and linalyl
acetate as its prodrug has been shown on rats.
Lavender is applied as a mild sedative, antidepressant, cholagogue, spasmolytic,
carminative, stomachic and diuretic [22, 23]. Anticonflict effect of lavender oil was shown on
mice [24]. The oil also acts as rubefacient and antirheumatoid, antibacterial and antifungicide
[19, 25]. It has been shown that essential oil has supportive antiinflammatory effects in
bronchitis. Applied topically it causes hyperemia, so it is often used in cosmetic products;
the bath with essential oil calms and relaxes. Internally used as tea; mainly acts as
carminative [26].
Dried flowers of lavender (1-2 g) are used in form of infuse for good-night sleep.
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Tincture is prepared in ratio 1:6 with 60% ethanol and is used in dose of 2-4 ml [27].
Allergies (manifested as contact dermatitis) have been described for some components
of essential oil e.g. linalyl acetate that oxidizes to epoxide and hydroperoxide [28]. High
levels of essential oil can act as irritants. Precaution should be exercised when used by
pregnant women and small children.
Lavandula latifolia and L. hybrida are used for production of essential oil in cosmetic
industry. These oils contain significant amounts of camphor so they act as repellents.
Inhalator is used for clearance of block air ways (Sinusan®) [29]. It also comes in
combination with ketoprofen to relief pains (Fastum Gel®, Ketogel®) [30]. Lavandulae
spiritus is prepared as 2% Lavandualae aetheroleum in 90% ethanol [16].
Lavender is a thermophile plant that requires a lot of sunlight and high temperatures
and as non-request plant grows also on stone and unfruitful soil. Those conditions are
completely fulfilled in the whole Littoral Croatia. The centre of lavender production in
Croatia is Hvar Island, which with 130 sunny days per annum is ideal for its cultivation.
Lavender can also be cultivated in areas with lower average temperatures, but in such
conditions the quality of its oil is significantly reduced. Lavender is cultivated on ca. 200
hectares in Croatia and it accounts for 11% of medicinal plants produced. Only about 60 to 80
tons of lavender are grown on Hvar Island every year.

4. Vitex agnus-castus
Vitex agnus-castus L. belongs to the family Verbenaceae and is known under the
names: chaste tree (Eng.) and Moenchpfeffer, Keuschlam (Ger.) [31].
Chaste tree is a deciduous shrub, which reaches height of up to 5 m. The leaves are
opposite, hand-shaped, composed of five to seven radiating leaflets which are borne on a main
stalk. The leaflets are linear, lance-shaped, toothed, dark green above and grey beneath with a
very close felt. From August to October flower panicles with numerous flowers are formed.
The flowers are fragrant and of blue, lilac, rose or white color. The berries resemble
peppercorns, hard, with a purple to black skin, yellowish within, half-covered by their sagegreen calyces and containing four seeds. The plant is shown on Fig. 5 [32, 33].
Chaste tree is found growing wild in Mediterranean costal region and Central Asia. In
Croatia, it grows along the costal sand shores of Adriatic Sea and river banks in Istria and
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Dalmatia. Fruits are used for medicinal purpose. Agni casti fructus contains dried black fruits
of chaste tree similar to pepper.

Figure 5. Vitex agnus-castus

Chaste tree contains essential oil (α-pinene, sabinene, β-phellandrene, 4-terpineol and
sesquiterpenes), iridoids (agnuside, aucubin), flavonoids (casticin, isovitexin, isovitexin
xylosid, orientin, isoorientin, penduletin and chrysosplenol D), diterpenes of the labdane and
clerodane types (rotundifuran) and Δ4-3-ketosteroid hormones. Some constituents of Agni
casti fructus are presented on Fig. 6 [33, 34].
In vitro and in vivo experiments have shown that chaste tree has dopaminergic,
prolactin inhibiting activity. It binds to striatal D2 receptors, acting as prolactin-inhibiting
factor on prolactin producing lactotropic cells of pituitary gland. This is mainly attributed to
labdane diterpenoids. Estrogen activity was attributed to flavonoids, but other substances
could also be responsible for the activity of extract (e.g. linolenic acid) [36].
This plant is used as a popular remedy for women cyclic disorders (polymenorrhea,
oligomenorrhea, amenorrhea). Used internally it increases levels of estrogen and progesterone
via hypophysis and also decreases levels of prolactin. It is used in gynecological disorders
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like: menopausal symptoms, PMS (mastodynia, mastalgia), dysmenorrhea, female sex
hormone imbalances or deficiencies. It is used in a form of tablets or drops. Daily amounts
used should be equivalent of 30 to 40 mg of ethanolic tincture. To achieve results, it should be
used for several months. Rare side effects are: rash, headache, hair loss, nausea itching and
urticaria on skin. Agni casti fructus sorters or prorogate period between menstruations. This
plant is not to be used in pregnancy [37-39].
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Figure 6. Some constituents of Agni casti fructus

After collecting the fruits, aquatic-ethanolic tincture (50-70%) is prepared. It can be
used as tincture or dried for capsules. Agnolyt® (Germany) is monocomponent product that
comes in the form of capsules and solution containing ethanol extracts of chaste tree [40].
Film tablets are known under trade name Agnucaston® [41]. Mastodynon® (Germany) drops
are ethanolic solution containing active components of: Vitex agnus-castus, Caulophyllum
thalictroides (L.) Michx., Cyclamen sp., Ignatia sp., Iris sp. and Lilium triginum L. [42]. It
also comes under these trade names: Alyt®, Femicur® N, Prefemin®, PreMens®, Strotan®
[38]. Most of the commercially available products come from Germany, so the potential of
worldwide production is significant. As there is no standardized product on a basis of
characteristic substances, this presents possibility for development.
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5. Sambucus nigra
Sambucus nigra L. belongs to the family Caprifoliaceae (Sambucaceae) and is known
under these names: Black elder, common elder bourtree (Eng.), schwarzer Holunder,
Hollerbusch (Ger.), sureau noir (Fr.), sambuco nero (Ital.). It is a shrub or small tree up to 10
m high, with brownish-grey bark and white pith. Stems are often with strong, erect shoots
from base - branches often arching. Leaves are 20 cm in length, with 5-7 leaflets. Leaflets are
3-9 cm long, ovate, pointy, serrate and rarely pubescent beneath. Stipules are absent or very
small. Inflorescence flat topped, 10-20 cm in diameter, with 5 primary rays. Corolla is
approximately 5 mm in diameter; flowers are creamish white and anthers cream. Fruit is a
black drupe, globose, 6-8 mm, sometimes greenish-yellow, containing 3-5 seeds. The plant is
shown on Fig. 7 [43, 44].

Figure 7. Sambucus nigra

Black elder is widespread in Europe, West and Central Asia and North Africa. Flowers
and fruits are used for medicinal purpose.
The drug, Sambuci flos, contains flavonoids, phenolic acids (coumaric, caffeic, ferulic,
chlorogenic), the essential oil, triterpenes (α- and β- amyrin, lupeol), triterpenic acids (ursolic,
oleanolic), sterols (cycloartenol), flavonoids (astragalin, rutin, isoquercitrin = isoquercetin,
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hyperoside, quercetin, kaempferol), cyanogenic glycosides (sambunigrin), free fatty acids
(linolic, linolenic, palmitic) and tannins. Fruits contain a lot of tannins, cyanogenic
glycosides, vitamins (C, B) and fruit acids. Some constituents of Sambuci flos et fructus are
presented on Fig. 8 [45].
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It is not known which constituent is responsible for increased production bronchial
mucosa and sweatening. β-amyrin has autoprotective and ursolic acid antiinflammatory effect.
Elderberry constituents neutralize the activity of the hemagglutinin spikes found on the
surface of several viruses. It also significantly increases cytokine production (tumor necrosis
factor-alpha and interleukins 1β, 6 and 8). It has also been shown that anthocyanins have high
antioxidant activity.
Black elder acts as diaphoretic, bronchial secretolytic, antiinflammatory and antiviral
(Herpes virus, influenza A and B) agent, hepatoprotective, anticatarrhic and antidiabetic.
Sambuci flos is used as diaphoretic and laxative. It is used in common colds. In folk medicine,
the drug is also used in preparations of gargles. Average daily dosage is 10-15 g of drug. It is
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used as infusion 3-4 g per cup (150 ml) as hot as possible. Liquid extract is prepared in ratio
1:1 with 25% ethanol and is used in doses 2-4 ml [46-48].
Substitutes of this plant are: Sambucus canadiensis L.; adulterants: Sambucus ebulus
L., Sambucus racemosa L. and Filipendula ulmaria (L.) Maxim [49].
Black elder is used in case of common cold, flue and sinusitis as tea or water tincture.
It can be used in combination with other herbal drugs e.g. galenic formula Species laxantes
that contains Sennae folium 20, Sambuci flos 20, Frangulae cortex 35, Foeniculi fructus 15,
Kalii natrii tartaras 10 and Aqua purificata 10 [16, 50]. Sambucol® Black Elderberry Extract
also comes as lozenges for sore throats [51].

6. Hypericum perforatum
Hypericum perforatum L. (family Hypericaceae) is found under these names: St.
John’s Wort (Eng.), Johanniskraut (Ger.), le mille-pertuis (Fr.) and isperico pilatro (Ital.). This
plant is herbaceous, aromatic rhizomatous perennial up to 1 m high, glabrous throughout, with
simple, opposite, sessile, ovate to linear leaves sprinkled with oil translucent glands. Flowers
are bright yellow and arranged in a broadly paniculate, compound cymose inflorescence at the
top of steam. Five petals are asymmetric, with hypericin containing black nodules. The plant
is shown on Fig. 9 [52, 53].

Figure 9. Hypericum perforatum
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Hypericum perforatum is widely distributed in Europe, western Asia and throughout
the United States. The drug, Hyperici herba, consists of the aerial parts: leaves and flower
tops.
Hypericin and hypericin-like substances (derivates of naftodianthrone) are main active
components of herb. This drug contains flavonoids (rutin, quercitrin, isoquercitrin,
hyperoside, phenolic acids (chlorogenic, caffeic), phloroglucinol derivates (hyperforin and
adhyperforin), essential oil (methylbutenol), small amounts of procyanidins and tannins (up to
15% of catechins). Biflavonoids, biapigenin and amentoflavone, are characteristic
constituents - markers of flowers. Major constituents of Hypericum perforatum are presented
on Fig. 10 [54-56].
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Figure 10. Major constituents of Hyperici herba

The drug includes more components of which naphthodianthrones and phloroglucinols
are the most important. Hypericin increases light utilization during winter period and
flavonols decrees disintegration of neurotransmitters (via catechol-O-methyl-transferase). It
has been shown that hydroethanolic extract has high affinity of binding to GABA-A, GABA-
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B, adenosine, benzodiazepine, inositol triphosphate, MAO-A and MAO-B receptors. It also
modulates serotonin and dopamine neurotransmission. Tannins produce constriction due to
interactions with proteins and thus it is used as astringent [57].
The drug is used as sedative, astringent, antiseptic, analgesic, relaxant. St. John’s Wort
extract shows antimicrobial activity especially against Candida albicans. The herb is used
internally for the treatment of psychogenic disturbances, depressive states and/or nervous
excitements, as an antiphlogistic agent in the treatment of inflammation of the bronchi and
urogenital tract, treatment of biliary disorders, bladder irritation, common cold, diabetes
mellitus, dyspepsia, as a diuretic, emmenagogue and antimalarial agent. Externally as oily
preparations for the treatment and after-treatment of incised and contused wounds, skin ulcers
and first-degree burns. It is recommended in case of “burned out syndrome” (improves
concentration, memory and receptivity) and muscle pain (myalgia) [58, 59].
Average daily dosage for internal use is 2-4 g of drug or equivalent of 0.2-1 mg of
total hypericin. It is used as tea, tincture (20-30 drops) or solid preparation for at least six
weeks. Oil is used internally for dyspepsia and externally for wounds, burns and frost bites.
Some of the side effects include: allergic skin reaction, increased prothrombin time,
gastrointestinal complaints. Hypericin may cause photosensibilisation - rare, usually appears
in fair-skinned individuals. Hyperici herba should not be used with other antidepressants
without professional guidance. Interactions are possible with oral contraceptives,
anticoagulants and theophylline on cytochrome enzyme CYP3A4. Precaution should be
practiced when used with antiretrovirotics, immunosuppressants, anticonvulsives and
digoxin [27].
Only the flowering tops of the plant are collected from mid-June to August, as leaves
and flowers have the most active components. The extract is standardized to 0.3% of
hypericin and 2-5% of hyperforin.
Substitutes and adulterants of this plant are: Hypericum barbatum Jacq., H. maculatum
Crantz., H. hirsutum L., H. montanum L., H. tetrapterum Fr.
Infuse is prepared as monodrug or in combinations with e.g. rosemary, primula.
Tincture is made in ratio 1:5 with 70% ethanol. Oil is made of fresh flowers in ratio of 1:10
with olive oil and is left for three weeks in the sun. Some of the commercially available
products are: Aktivin H®, St. John’s wort balm, St. John’s wort oil, Hyperiforce®, Jarsin®
300, Kira®, Remotiv® [16].
Hypericum is grown as a commercial crop in parts of Europe and North America, all
the while being considered a noxious weed in more than 20 countries. With the recent
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resurgence in its medicinal use there is a significant market for this plant. Demand is
considerably higher for certified organic product. Growers are advised to contact companies
involved in the medicinal herb industry to determine markets before starting large-scale
cultivation. Small growers may not be able to meet the demand of large quantity buyers.
Saint-John’s wort known as Johanniskrant in German for centuries has been used to treat
people with mild and moderate depression without the side effects of Prozac. Widely sold in
Germany and other European countries, awaiting official approval by the US Food and Drug
Administration, Saint-John’s wort is being regarded as a serious rival to Prozac [60-62].
Hypericum is used worldwide and was the fifth bestselling dietary supplement in
USA. The plant is sold as a dry bulk herb, or as capsules, tinctures and tablets. Hypericum
was in high market demand in North America in the late 1990’s. This demand dropped
noticeably after 2000, but is now picking up again. In 2004 Hypericum ranked 9th in dollar
sales among herbal dietary supplements in food, drug and mass market retail channels in the
USA. Statistics are not available for Croatian production and sales.

7. Rhamnus frangula
Rhamnus frangula L. (synonym: Frangula alnus Mill.) belongs to the family
Rhamnaceae. This plant is found under these names: Alder buckthorn, berry-bearing alder
(Eng.), Faulbaum (Ger.), frangule, nerprun bourdaine (Fr.), frangula, fragola (Ital.). It is a
bush that grows up to 3 m, with opposite, finely serrated leaves, on branches often terminating
in spines. Small, yellowish-green, axillary flowers are arranged in cymes. Fruits are shiny
and black when ripped. The bark has whitish, horizontal lenticels. The plant is shown on
Fig. 11 [1, 63].
Buckthorn is distributed across Europe, North Africa and Asia.
The bark is used for medicinal purpose. The drug, Frangulae cortex (synonym Rhamni
frangulae cortex) is used in constipation. In folk medicine, the drug is also used as diuretic.
The drug contains a number of constituents, including anthracene derivatives, tannins,
flavonoids, phenolic acids, pectins, saccharides, ascorbic acid and small amounts of peptide
alkaloids (frangulanin, franganin). Anthraquinones are responsible for laxative effect and can
be divided in two types: emodin-physcion and chrysophanol. They come as glycosides (e.g.
glucofrangulins A and B, frangulins A, B and C) and in small amounts as free anthraquinones
and dianthrones. Major constituents of Frangulae cortex are presented on Fig. 12 [64, 65].
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Figure 11. Rhamnus frangula
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Figure 12. Major constituents of Frangulae cortex

Antraquinone glycosides are hydrolyzed in colon to anthrones. Anthrons
(1,8-dihydroxy-anthracene derivates) increase motility of colon by inhibiting stationary and
stimulating propulsive contractions. The result is accelerated intestine passage and reduction
in liquid absorption through lumen (shortened contraction time). Anthraquinons stimulate
mucous and active chloride secretion resulting in enhanced fluid secretion [66].
Frangulae cortex acts as a laxative, 8 to 12 hours after administration. This drug is
used at constipation and other conditions in which soft stool is desirable (hemorrhoids, anal
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fissures, post rectal-anal operations). The drug can be used as tea (2 g per cup), but it is
recommended to be used in standardized products. Average dose of dried extract is 0.5 g.
Standardized drugs to hydroxyanthracene derivates should be used in dose 20-30 g of
glucofrangulin A equivalent. Dried extract can be used for making decoct, cold maceration or
elixir. Individual dose should be adjusted - minimum amount of drug for the effect, in total
less than daily dose [66].
Red urine is possible due to antraquinone content. In chronic constipation (elderly)
disbalance of electrolytes, primarily potassium, is possible; cramps in stomach and diarrhea;
emesis if used fresh.
It is prohibited to use this drug at intestine obstructions, acute intestinal inflammation
(morbus Crohn, colitis ulcerosa), appendicitis, abdominal pain of unknown origin, pregnancy,
lactation, children age 12 or under. It should not be used for a longer period, as the effect
fades and dose has to be increased (intestinal sluggishness). Interactions are possible on level
of absorption due to shortened period of retention in intestinal. As the level of potassium is
lowered interactions have been noticed in combinations with cardiac glycosides,
antiarrhythmics, thiazide diuretics, corticosteroids [27].
The bark of tree is collected from May to July and dried for one year or by heating to
100 °C for 1 to 2 hours thus disintegrating reduced anthrone and dianthrone glycoside forms
to the oxidized forms (glucofrangulins are partly decomposed to the frangulins or frangulaemodin-8-O-glucoside and to the aglycone frangula-emodin). Dry extract of Frangula is
prepared by percolation in ratio 2:1 with 70% ethanol that is evaporated under low pressure
and dried in vacuum [27].
Possible substitute is Rhamnus catharticus, but in this case fruits are used as a drug
(Rhamni cathartici fructus). It contains emodine, glucofrangulin and frangulin. The
adulterates are barks from Rhamnus fallax Boiss., Rhamnus purshianus DC., Prunus padus L.
and Alnus glutinosa Gaertn.
In Croatia following formulations are available: Purgal® tablets, Alofran® tablets,
Planinski čaj® and galenic tea Species laxantes [16, 30].

8. Rosmarinus officinalis
Rosmarinus officinalis L., (Eng. rosemary, Ger. Rosmarin) is an evergreen, aromatic
shrub belonging to the family Lamiaceae. It attains a height of 1-2 m and has slender, ash-
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colored branches. The leaves of this plant are approximately 3.5 cm long, 2 to 4 mm broad,
rigid, opposite, sessile and linear. The upper surface is dark green and glossy, whereas the
lower surface is gray and woolly owing to the presence of numerous branched hairs.
Rosemary bears verticillacters of mauve flowers which have campanulated, two-lipped calyx
and a widely-gaping, two-lipped corolla. It has characteristic aromatic odour and aromatic,
pungent and slightly bitter taste. The plant is shown on Fig. 13 [1, 67].

Figure 13. Rosmarinus officinalis

Rosemary is widely distributed in France, Croatia (Dalmatian islands), Spain and
North Africa. Leaves (Rosmarini folium), as well as essential oil (Rosmarini aetheroelum) are
used as herbal drugs.
The leaves of rosemary contain an essential oil (1.5-2.5%), flavonoids (apigenin,
luteolin,

nepetin),

triterpenic acids

(ursolic and

oleanolic),

diterpenes

(carnosol,

rosmaridiphenol, rosmanol) and significant amounts of tannins, mainly as rosmarinic acid.
The main components of essential oil are: 1,8-cineole (30%), borneol, bornyl acetate,
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camphor, camphene, α-pinene and α-terpineol. Major constituents of Rosmarini aetheroleum
are presented on Fig. 14 [68].
Flavons and rosmarinic acid act as antioxidants thus making the rosemary natural
industrial conservant [69]. Rosmarinic acid acts as antiphlogistic and prevents inflammation.
Essential oil is used for pains in joints and muscles, stimulating nervous and vascular systems.
Experimental data shows that the drug acts as antispasmodic on gall passages and small
intestines, has positive inotropic effect and increases flow through the coronary artery.
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Figure 14. Major constituents of Rosmarini aetheroelum

It has been suggested that carnosol could be used in treatment of Parkinson’s disease
as it protects dopaminergic neuronal cells through downregulation of capase-3 [70]. Carnosol
and carnosic acid activate human peroxisome proliferator-activated receptor gamma (nuclear
hormone receptor) and thus have potential to lower glucose and fatty acids blood levels; this
can also explain their antiinflammatory and antiproliferative effects [71].
Rosemary acts as carminative, stomachic, spasmolytic, thymoleptic, sedative,
emmenagogue, diuretic and also shows antibacterial and antifungal activity. Used topically it
acts as rubefacient and is used as supportive therapy of rheumatic diseases and circulation
problems. It promotes wound healing and is used as mild antiseptic. Internally is used in
dyspepsia, flatulence, as well for improvement of hepatic and biliary function. It also helps
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with headaches, migraines as well caused by hypertension [72, 73].
Dried herb can be used as infuse in doses of 2 to 4 g. It should be used twice a day
with a meal, not in the evening as it acts as stimulant. Extract is produced in ratio 1:1 with
45% ethanol and is used in doses of 2-4 ml.
Rosemary leaves and its preparations, especially those containing carnosol can cause
contact dermatitis and hypersensitivity.
Baths should be avoided by patients with large, open wounds, large skin lesions,
feverish conditions or acute inflammation, severe circulatory disorders or hypertension. It is
not recommended to be used in pregnancy [27].
Rosmarini folium contains fresh or dried leaves, gathered while flowering and
Rosmarini aetheroleum is obtained by water distillation.
Very similar, but poisonous plant is Andromeda polifolia L.
The drug is used as tea, tincture or essential oil. Rosemary can also be used in a form
of medicinal wine and is prepared by maceration of 20 g of drug in 1 litre of wine for 5 days.
In Croatia, it is mainly present in creams, balsams and gels like Reumasan® and Veneforte®
that are used for better peripheral circulation [29].
Most of the commercially available pharmaceutical products are polycomponent. In
Croatia rosemary is mainly used as spice. But, rosemary has many uses besides culinary. It is
used as a medicinal, an aromatic, an ornamental in the landscape, as a dye, in cosmetics and
as a houseplant. Rosemary essential oil adds a piney scent to soaps, creams, lotions, perfumes
and toilet water.

9. Salvia officinalis
Salvia officinalis L. is found under these names: Shop-sage (Eng.), Edler Salbei (Ger.),
sauge, serve (Fr.), salvia, erba savia (Ital.). Sage is a ca. 70 cm tall subshrub belonging to the
Lamiaceae family. The leaves of sage are long-petiolate, 3 to 10 cm long and up to 3 cm wide,
oval, oblong-ovate to lanceolate, olive-grey and densely pubescent on both surfaces. The
flowers are ca. 2 cm long, mostly with a bluish violet corolla, arranged in whorls forming a
loose spike. The dry plant is shown on Fig. 15 [1, 74].
Sage is Mediterranean as well as continental plant, but the original effects the
composition and quality of the essential oil.
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For medicinal purpose leaves are used - Salviae folium. The drug Salviae folium
contains the essential oil - Salviae aetheroleum which is produced by water distillation, nearly
colorless.

Figure 15. Salviae folium

The drug (Salviae folium) contains the essential oil (1-2.5%), tannins (3-7% of
Lamiaceae type), flavonoids (salvigenin), phenolic acids, diterpenoids (carnosol and carnosic
acid) and triterpenes (ursolic and oleanolic acids, germanicol). Essential oil, Salviae
aetheroleum, contains thujone (α and β, 60%), 1,8-cineole, camphor, borneol, bornyl acetate.
Major constituents of Salvia officinalis are presented on Fig. 16 [75].
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Figure 16. Major constituents of Salvia officinalis
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Rosmarinic acid and triterpenic acids have been shown to have antiinflammatory
properties. By inhibiting cholinesterase dried extract of sage improved mood and cognitive
performance following the administration of single doses to healthy young participants. This
mechanism could also explain beneficial effects in supportive therapy of Alzheimer disease.
Carnosic acid inhibits pancreatic lipase and significantly inhibit triglyceride elevation. It has
been shown that polysaccharide fraction of sage has antiinflammatory effect [27, 76-78].
Used internally, sage acts as antiseptic, bacteriostatic, fungistatic and virustatic. It
prevents inflammation and is used as garganta. Due to high content of Lamiaceae tannins it
acts as adstringent, antidiaroic, as well as stomachic and carminative [79, 80]. Sage is used as
antiphlogistic for the inflammation of mouth and throat, for gingivitis and stomatitis, mainly
in the form of the gargle but also as tea for digestive complaints, flatulence, inflammation of
the intestinal mucosal, in diarrhea and as antihydrotic. It is also used to lower the excessive
perspiration (hyperhidrosis) and inhibit secretion [81].
Dried herb can be used as infuse in doses of 1 to 4 g. Extract is produced in ratio 1:1
with 45% ethanol and is used in doses of 1-4 ml. Daily dose should be limited to 4-6 g of
herb, 0.1-0.3 g of essential oil, 2.5-7.5 g of tincture or 1.5-3 g of fluidextract.
If used in amounts of more than 15 g of leaves or 2 g of essential oil it can cause
dryness of mouth, increased perspiration and pulse and dizziness. After prorogated ingestion
epileptiform convulsions can occur. Sage should not be used by children and pregnents. In
hyperhidrosis treatment for 2-4 weeks is recommended. Internal use of sage ethanol extracts
should be limited to three days, as it contains toxic thujone.
The leaves are collected before flowering and dried. Essential oil is obtained by water
distillation of young green parts of herb and leaves. Pulvis is used as aromatic spice.
Substitutes and adulterants: occasionally, with the leaves of other Salvia species, principally
those of Salvia triloba L., Greek sage; these have a white, velvety tomentum on both surfaces,
which is denser than that of S. officinalis. The trichomes on the upper surface are not tortuous
and whip-like, but are straight and stiff. TLC examination set out above, adulteration can be
recognized by the divergent composition (a higher cineole and lower thujone content).
Differentiation is also possible on the basis of the flavonoid profile.
In Croatia sage is used as antiseptic in the form of pastilles (Salviol®) and intimate
care soap (Hygieia®) [82]. From folk medicine the use of sage leaves prepared in hot milk,
sweetened with honey is recommended [27, 83].
As natural antiseptic, it has significant potency to be used in inflammations of upper
respiratory track having in mind that in 80% of cases these inflammations are caused by
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viruses and thus antibiotics should not be used. Alternative approaches to pharmaceutical
forms like honey should be taken in consideration as sage is readily collected by bees.
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ABSTRACT
Standardization of crude herbal drugs and phytochemical investigations are inevitable
parts of the drug discovery process for obtaining newer drugs for the treatment of various
diseases and ailments. Standardization of crude herbal drugs refers to analysing the quality
and purity of the crude drugs before their further processing and remains a prerequisite step
for the preparations of herbal formulations. It involves authentication of crude drugs,
analysing the quality and purity of the crude drugs via several means of evaluation such as
organoleptic, microscopic, chemical, physical and biological means of evaluation. However,
today’s era involves the standardization of crude herbal drugs via fingerprinting of herbal
extracts/isolates using two techniques. The first technique involves the usage of
chromatography for the purpose of fingerprinting of herbal extracts/isolates and involves
several modern analytical techniques such as HPLC and LC-MS/MS whereas the second
technique involves PCR-based method for carrying out DNA fingerprinting of crude herbal
drugs. Phytochemical investigations also involve usage of various analytical techniques for
the purpose of isolation and characterization of phytoconstituents. Primitive techniques
basically involved usage of column chromatography for the purpose of isolation but today
modern analytical techniques are available that are used for the isolation of active constituents
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from the herbal drugs such as modern flash chromatography, semi-preparative and preparative
HPLC’s, that offer faster and highly precise separation of the phytoconstituents. The present
chapter entails the various fingerprinting techniques used for the standardization of crude
herbal drugs and also covers the various modern techniques used for isolation of
phytoconstituents.

Keywords: Standardization; Fingerprinting; Isolation; Chromatography; HPLC; LC-MS/MS;
DNA.

1. INTRODUCTION
A number of approaches on drug discovery and development from traditional
medicines have been practised by scientists from world over for years together. The history of
traditional medicines has helped in the development of several new molecules that have
implications for new drug discovery and also act as precursors for providing new chemical
entities. The values of natural products have been well studied and documented by our
ancestors and since time immemorial, natural products have provided a vivid opportunity for
researchers to use this documented knowledge for obtaining newer leads for drug discovery.
Thereof, the secondary metabolites obtained from natural resources have been perceived as
showing noticeable pharmacological actions with higher potency and lesser adverse effects
making them good leads for further development. The new molecules in the form of
secondary metabolites evolved in the nature through plants and animals and further research
on these secondary metabolites with the help of new drug discovery tools is vital for the
enhancement of human health. Most of the potent phytoconstituents of today including the
aspirin to taxol have been derived from plants itself and beside these thousands of other
phytoconstituents with therapeutic potentials would require more sophisticated techniques of
rapid investigation whether for the purpose of standardization or for the purpose of isolation
[1-2]. The present chapter entails the modern analytical techniques that are being used for the
standardization of herbs as well as for the isolation of phytoconstituents at semi-preparative
and preparative scales.
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2. STANDARDIZATION OF HERBS USING MODERN ANALYTICAL
TECHNIQUES
Standardization of crude herbal drugs is an inevitable part of the drug discovery
process and refers to analysing the quality and purity of the crude drugs before their further
processing and remains a prerequisite step for the preparations of herbal formulations. It
involves authentication of crude drugs, analysing the quality and purity of the crude drugs via
several means of evaluation such as organoleptic, microscopic, chemical, physical and
biological means of evaluation. Among these evaluation techniques used for standardization
of crude drugs, there are various methods that have been adopted since time such as
morphological and sensory evaluation, chemical tests that have used for preliminary
phytochemical screening, determination of ash value, extractive value, foreign matter etc.
However, today’s era involves the standardization of crude herbal drugs via fingerprinting
technology wherein all the phytoconstituents present in the herb are enlisted in a sequential
manner depending on the technique used for the purpose of fingerprinting [3]. Fingerprinting
of crude herbal drugs can be done in two ways (Figure 1). The first fingerprinting method
involves usage of a chromatographic technique such as high performance liquid
chromatography (HPLC), gas chromatography (GC) etc. or a chromatographic technique
coupled with a analytical techniques such as liquid chromatography coupled with two mass
spectrometers (LC-MS/MS) or GC coupled with mass spectroscopy (GC-MS) etc. The second
method for fingerprinting involves DNA fingerprinting technique wherein the DNA analysis
of the crude drug has been used for its authentication and therefore act as an important tool for
herbal drug standardization [4].

2.1. Chromatographic fingerprinting of herbal extracts/isolates using modern analytical
techniques

Chromatographic fingerprinting is a process by which the various constituents present
in the crude herbal drugs are separated out in a single chromatogram, enabling to view
precisely the entire range of the constituents present and is highly specific for a particular
crude drug. Therefore, this technique is nowdays being used for standardization of crude
drugs using various chromatographic techniques such as HPLC, GC etc. in alone or in
combination with the advanced analytical techniques for obtaining more precise and accurate
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results e.g. chromatographic fingerprinting of crude drugs using liquid chromatography
tandem mass spectroscopy (LC-MS/MS) or GC-MS etc.

Figure 1. Methods for fingerprinting herbal extracts/isolates

These techniques not only provide precise fingerprint spectra of the entire range of
constituents present in the herb but also provide additional information’s related to the
characteristics of the phytoconstituents e.g. fingerprinting via LC-MS/MS provides molecular
weight of the constituents, provides information regarding the fragmentation pattern of the
individual phytoconstituents and also provides information related to the fragmentation
pattern of the daughter nuclei that are generated from the parent nuclei giving a sound base
for the structure elucidation of the phytoconstituents.

2.1.1. Chromatographic fingerprinting of herbal extracts/isolates using HPLC

The chromatographic fingerprinting of plant extracts using HPLC is one of the
commonly used methods for identifying the phytoconstituents present in the crude herbal
extract [5]. In principle, the herbal extract is weighed and re-constituted in an appropriate
vehicle to develop a solution of known strength. Appropriate dilutions of the sample are
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analyzed using HPLC. Under standardized conditions of HPLC, the sample is pressurized
along with the mobile phase through the column to separate it into bands which are eluted,
detected and recorded. The system offers numerous advantages like: rapid separation, high
resolution, detection upto ng quantities of sample, continuous monitoring using ultraviolet or
fluorescence detectors and easy coupling with spectrometers such as mass spectrometer and
nuclear magnetic resonance spectrometer. It therefore, provides an ideal setting for separating
meager quantities of structurally related mixture of compounds from natural sources. The
chromatogram is now known as the “fingerprint” of the sample (Figure 2). It is matched each
time whenever fresh extraction is carried out. This helps to maintain the chemical quality of
the plant extracts as the observations will reveal the fact that whether the same species have
been used everytime for extraction or not. If the plant species used for the extraction is
different or there is higher adulateration in case of the crude drug, then the chromatographic
spectra obtained using HPLC will differ noticeably each time the fingerprinting is repeated for
the same species. Thus, the most factual point is this technique is that no two plant species
will show the same chromatographic spectra in HPLC.

Figure 2. Fingerprint chromatogram of crude herbal extract showing presence of various
phytoconstituents present (peaks 1-6)
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2.1.2. Chromatographic fingerprinting of plant extracts using HPTLC

High performance thin layer chromatography (HPTLC) is another chromatographic
technique that can be used to develop fingerprint chromatogram of the plant extracts/isolates
under standardized conditions [6]. HPTLC is a semi-automatic thin layer chromatography
technique wherein the optical density (absorption) of the separated spots are measured in
addition to the rentention factor (Rf) values. This technique is now being used for the
fingerprinting of the phytoconstituents present in the plant extracts that can be matched batch
to batch so as to ensure accuracy in results for the purpose of quality control of herbal drugs.

2.1.3. Chromatographic fingerprinting of herbal extracts/isolates using LC-MS/MS

Liquid chromatography tandem mass spectroscopy (LC-MS/MS) is an advanced
analytical technique that finds tremendous application in the standardization of crude herbal
drugs. The technique involves coupling of HPLC with two mass spectrometers (thereby
known as LC-MS/MS) and is being used for the fingerprinting of crude herbal
extracts/isolates [7]. LC-MS/MS involves two mass spectrometers wherein the first one
depicts the molecular weights of the phytoconstituents (also called as parent ions) present in
the crude drug extract while the second mass spectrometer depicts the molecular weights of
the daughter ions. This technique is helpful in determining the fragmentation patterns of the
parent compounds by depicting all the daughter fragments that are formed from an individual
parent compound. The fragmentation pattern of the parent ions and the daughter ions are
unique and the information enables the user to understand the mechanism as to how the parent
and daughter ions are getting fragmented. Thus, the technique enables convenience in
differentiation of crude herbal drug from various other similar species and also from
adulterants and problem of quality assurance of herbal drugs can at large be solved with the
use of LC-MS/MS fingerprinting technique.
The fingerprinting methodolgy involves subjecting the crude drug extract for gradient
separation using electrospray ionization (ESI) mode in LC-MS/MS. The chromatographic
separation of the plant extract can be achieved using C18 column using a linear gradient
mobile phase reaching 90% acetonitrile (with 0.1% formic acid) from 10% over the period of
30 mins with mobile phase setted at the rate of 0.5 ml/min. Source dependent parameters such
as Gas 1 and Gas 2 can be standardized by keeping at 30 psi and 60 psi at the ESI temperature
of 450°C. The information dependent aquisition (IDA) protocol consisting of enhanced mass
Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

108

spectrometry (EMS), enhanced resolution (ER) and enhanced product ion scan (EPI) can be
performed at the speed of 4000 Da/sec between 100-800 amu at the positive ESI (+5500 V)
temperature of 450°C (Figure 3).

Figure 3. LC-MS/MS scan of crude herbal extract: (a) LC scan, (b) enhanced mass spectra and
(c) enhanced resolution

Post acquisition of data, UV photodiode array spectrum guided analysis of secondary
metabolite can be conducted in the EMS scan of the extract at the same retention time. The
unprotonated molecular weight matching the known mass values of the secondary metabolites
library can be subjected for fragment analysis using inbuilt algorithm for fragment
interpretation tool. The identified secondary metabolites can be verified and confirmed using
product ion spectrum using flow infusion analysis.

2.1.4. Chromatographic fingerprinting of herbal extracts/isolates using LC-NMR

The liquid chromatography coupled with nuclear magnetic resonance spectroscopy
(LC-NMR) is another advantageous technique used for the chromatographic fingerprinting of
crude drug extracts as it offers precise fingerprint spectra of the crude herbal extract in
relatively lesser time period. The LC-NMR technique allows the continuous registration of
variability in the proton spectra of the phytoconstituents as they appear in the chromatogram.
Also, the automated data acquisition and processing technology in LC-NMR improve the
speed and sensitivity of detection of phytoconstituents [8].
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2.1.5. Chromatographic fingerprinting of herbal extracts/isolates using GC

Gas chromatography is another important technique that can be used for the
chromatographic fingerprinting of phytoconstituents particularly those that are volatile in
nature and therefore is used for the authentication and quality control of crude herbal drugs.
The high selectivity of capillary columns enables separation of many volatile compounds
simultaneously within comparatively shorter time span [9]. However, this technique cannot be
used for crude drug samples wherein the phytoconstituents are thermolabile and non-volatile.

2.1.6. Chromatographic fingerprinting of herbal extracts/isolates using GC-MS

Gas chromatography coulped with mass spectroscopy (GC-MS) has been used for the
fingerprinting of phytoconstituents that are volatile in nature [10]. The system offers higher
sensitivity, stability and efficiency of chromatographic separation which is based on the
molecular weight of the phytoconstituents. The simplest mass detector in the instrument is the
ion trap detector (ITD). In this instrument, ions are created from the eluted sample by electron
impact or chemical ionization and stored in a radio frequency field, the trapped ions are then
ejected from the storage area to an electron multiplier detector. The ejection is controlled so
that scanning on the basis of mass to charge ratio is possible.

2.1.7. Chromatographic fingerprinting of herbal extracts/isolates using GC-FTIR

Gas chromatography coulped with Fourier transform infrared spectroscopy (GC-FTIR)
is another useful technique that provides a potent means of fingerprinting phytoconstituents
especially of volatile nature [11].

2.2. Fingerprinting of crude herbal drugs using DNA technology

Among the newer methodologies, DNA fingerprinting is one such technique which
has evolved with time and has been found to possess tremendous potential for the
standardization of crude drugs [12]. In this technique, the DNA analysis of the crude drug has
been used for its authentication and for the determination of its quality and purity. This
technique also finds application in differentiating the herbal drug from various other
adulterants or substituted drugs and offers unique advantage as the DNA fingerprint genome
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for any crude drug remains same irrespective of the part of the plant that has been used for
extraction. Thus, the problem of quality assurance of herbal drugs can at large be solved with
the use of DNA fingerprinting technique. The most commonly used methodology engages
polymerase chain reaction (PCR) - based method for the purpose of standardization of crude
herbal drugs.

2.2.1. Fingerprinting of crude herbal drugs using polymerase chain reaction (PCR) - based
method

The polymerase chain reaction (PCR) is a biochemical technology in molecular
biology that has beeen used nowdays for the fingerprinting of crude herbal drugs. It is used to
amplify a single or a few copies of a piece of DNA across several orders of magnitude,
generating thousands to millions of copies of a particular DNA sequence [13]. Primers,
origional DNA (extracted from the plant cell) which is to be amplified, a specific type of
DNA polymerase and the necessary chemicals for DNA synthesis are mixed. Briefly, the
steps involved in the process are:
1. Initialization step: This step consists of heating the reaction to a temperature of 94-98°C
(depending upon the polymerase used) and is mainly used for polymerases that require
heat activation by hot-start PCR.
2. Denaturation step: This step is the first regular cycling event and consists of heating the
reaction to 94-98°C for 20-30 sec. It causes DNA melting of the DNA template by
disrupting the hydrogen bonds between complimenatry bases yielding single stranded
DNA molecules.
3. Annealing step: The reaction temperature is lowered to 50-65°C for 20-40 sec allowing
annealing of the primers to the single-stranded DNA template. Typically the annealing
temperature is about 3-5°C. Stable DNA-DNA hydrogen bonds are only formed when the
primer sequence very closely matches the template sequence. The polymerase binds to the
primer-template hybrid and begins DNA formation.
4. Extension/Elongation step: The temperature at this step depends on the DNA polymerase
used e.g. Taq polymerase has its optimum activity temperature at 75-80°C. At this step the
DNA polymerase synthesizes a new DNA strand complimentary to the DNA template
strand by adding dNTPs and the extension time depends both on the DNA polymerase used
and on the length of the DNA fragment to be amplified.
5. Final Elongation step: This single step is ocassionally performed at a temperature of
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70-74°C for 5-15 minutes after the last PCR cycle to ensure that any remaining singlestranded DNA is fully extended.
6. Final Hold: This step may be employed for short term storage of the reaction at 4-15°C.

3. PHYTOCHEMICAL INVESTIGATIONS OF CRUDE HERBAL
EXTRACTS USING MODERN ANALYTICAL TECHNIQUES
Phytochemical investigations of crude herbal extracts remain a mainstay in drug
discovery for obtaining newer compounds with potent pharmacological actions and involve
usage of various chromatographic and analytical techniques for the purpose of isolation and
characterization of phytoconstituents. Primitive techniques basically involved usage of
column chromatography for the purpose of isolation but today modern analytical techniques
are available that are used for the isolation of active constituents from the herbal drugs such as
semi-preparative HPLC, preparative HPLC, modern flash chromatography etc. These
techniques provide several advantages over the primitive techniques as they offer faster and
precise separation of the phytoconstituents and serve as a source for obtaining highly purified
compounds especially in large quantities.
Column chromatography was the most commonly used primitive technique for the
isolation of phytoconstituents at the preparative scale and this technique offered several
advantages such as simple packing procedures, low operating pressure and low expense for
instrumentation [14]. Column chromatography was later divided into two categories
depending on the way the solvent flowed down the column. The first category was gravity
column chromatography wherein the solvent flows down the column by gravity and the
second category was known as flash chromatography where the solvent was forced down the
column by positive air pressure. In the traditional column chromatography, also called as
gravity column chromatography, the extract to be isolated was placed on the top of the
column containing some solid support, often silica gel. The rest of the column was then filled
with a solvent (in a sequential manner depending on the polarity or the type of constituent to
be isolated) which then runs through the solid support under the force of gravity. The various
phytoconstituents to be isolated travel through the column at different rates and then can be
collected separately as they emerge from the bottom of the column. However, this technique
was time consuming as the rate at which the solvent flows down through the column was
slow. The flash chromatography, also known as medium pressure chromatography was

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

112

introduced by Clark Still in 1978 and was found to act as an alternative to the gravity fed
chromatography and differed from the latter in many ways: firstly smaller silica gel particles
(250-400 mesh) were used and secondly due to restricted flow of solvent caused by the
smaller gel particles, pressurized gas (10-15 psi) was used to drive the solvent through
the column of the stationary phase. The net result was a rapid (“over in a flash”) and
high resolution chromatography [15]. However, nowadays, advancements in the flash
chromatography system are available with higher automation that separate the
phytoconstituents from the extract from a few milligrams up to kg scale and offer cheaper and
quicker solution for carrying out isolation of phytoconstituents.

3.1. Modern flash chromatography for isolating phytoconstituents at preparative scale

Modern flash chromatography is a modern reverse phase column chromatographic
technique used for carrying out isolation of phytoconstituents from crude drug extracts at
preparative scale. The system works on the principle of adsorption chromatography. As each
phytoconstituents in the extract exhibits different affinity for stationary phase, under
appropriate mobile phase and ideal chromatography conditions, they elute in succession and
are thus separated out. The system is designed in such a way that large quantities of sample
(Kg) can be loaded and the yield of isolates can be in “mg” quantities. This technique is
highly advantageous in case of isolation of phytoconstituents as these phytoconstituents are
present in very low quantities in the plant and repeated separations need to be carried out for
obtaining sufficient amounts of isolates. Automated flash chromatography overcame the
problems that were associated with the primitive isolation technique such as time
consumption for carrying out isolation and most importantly the variations in the quality of
the plant isolates, thereby ensuring optimum isolation of phytoconstituents at preparative
scale.
Briefly, the modern flash chromatographic system consisted of nitrogen cylinder for
pressurizing (A), solvent reservoir (B), sample column (E), separating column (F) and fraction
collection (G) (Figure 4). Usually, the solvent reservoir (B) is fabricated from stainless steel
and has a capacity to hold large quantities of solvent. Double walled, braded tubing is used to
connect nitrogen cylinder to solvent reservoir. Two high pressure ball valves help to regulate
the two outlets from the solvent reservoir (C, D). The outlets are made from stainless steel and
are used for the purpose of carrying pressurized solvent from the reservoir either to sample
column (E) or to the separating column (F). The sample column (E) is a hollow column
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wherein the sample is adsorbed on silica (mesh 200-400) and tightly packed within the sample
column, whose ends are finally closed with frets. The amount of crude drug extract that can
be used in a single run depends on the size of the sample column. The separating column (F)
is fabricated from stainless steel and is packed with derivatized-reverse-phase silica powder.
A steel outlet from this chamber helps to collect the fractions eluted.

Figure 4. Modern flash chromatography set up. (A) - Nitrogen cylinder, (B) - Solvent reservoir,
(C, D) - High pressure ball valves, (E) - Sample column, (F) - Separating column, (G) - Fraction
collection

3.2. Isolation of phytoconstituents using semipreparative HPLC

The modern semipreparative HPLC enables the users to isolate µg quantities of plant
components by using binary gradient mode [16]. Briefly, two HPLC pumps are attached via
gradient controllers to maintain a flow upto 10 ml per minutes. Conventionally, methanol and
water are used in decreasing polarity over a period of 10-60 minutes. Concentrated
methanolic extract is injected into the system using rheodyne injector attached with a 50 µg
loop. This unit is attached with a high flow cell detector having rugged optics to withstand the
flow rate of 10 ml/min. The columns used for semipreparative isolation are available
commercially to maintain such flow rates. With the present technology of monolithic rod
columns, such high flow rates can be achieved with comparatively low back pressure.
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Typically, a 10 cm × 1 cm rod column is operatable up to the pressure of 1500 psi. Miniature
flash run C18 columns are also available to be used in HPLCs with PDA detector to optimize
the run and to analyze the peak of interest using low flow volumes with analytical separation
using gradient flow conditions.

3.3. Isolation of plant components using preparative HPLC

The modern preparative HPLC enables the users to fractionate several grams of
isolates present in the crude drug extract. The methodology is same as applicable for semipreparative HPLC, however, the columns used are bigger in sizes in comparative to the semiprepative one and the sample ports can accomodate higher amounts of crude herbal extracts.
The columns used for preparative HPLC offer low back pressure and enable larger flow rates
of the mobile phases for faster seperation and higher yield of phytoconstituents.

4. SUMMARY
The problem of quality assurance in case of crude herbal drugs can be resolved to a
great exteant with the help of fingerprinting techniques as the quality grade could be
determined successfully using the fingerprint spectra of crude herbal drugs. The variation
determination of common peaks, noticeable in the chromatographic fingerprint spectra could
provide qualitative as well as quantitative information related to the phytoconstituents present
in the crude herbal drugs. Pattern recognition of the chromatographic fingerprint spectra can
be used for discrimination of different kind of sample of crude herbal drugs. Thus,
chromatographic fingerprinting serves as a promising quality control tool for crude herbal
drugs. DNA fingerprinting is another technique that has proven to be a promising tool for the
standardization and quality control of crude herbal drugs. The phytochemical investigations
using modern analytical techniques offer faster and precise separation of phytoconstituents
and serve as a means of obtaining highly purified phytoconstituents especially in larger
quantities, that may act as newer drugs with potent pharmacological actions.
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ABSTRACT
Canelo (Drimys winteri J.R., Winteraceae) is a native tree of center-south of Chile,
which is sacred for the Mapuche, the native people of this area. Thirteen drimane
sesquiterpenoids have been reported as main secondary metabolites from leaves and bark of
D. winteri. Their biological activities range from the activation of calcium ion channels to
antimicrobial and antiparasite activity. The drimane sesquiterpenoids share a trans-fused
decaline skeleton with an angular methyl group at C-10 and a gem-dimethylgroup at C-4. This
chapter highlights procedures for their isolation from the natural source, the structure
elucidation using high-field NMR-methods, including 2D-NMR-spectroscopy, their
biosynthesis and bioactivities as well as strategies for their chemical synthesis.
Keywords: Drimane Sesquiterpene; Drimys winteri; Synthesis; 1D and 2DNMR;
Bioactivities.

1. INTRODUCTION
Drimys winteri J.R. (Winteraceae), usually called Canelo, is a native tree of centersouth of Chile and Argentina. It is found up to 1,200 m above sea level and between latitude

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

117

32° south and Cape Horn at latitude 56° in Tierra del Fuego, Patagonia. The plant was
described by Johann Reinhold Forster and his son Johann Georg Adam Forster in 1775 [1].
Drimys winteri J.R. is an evergreen tree which grows up to 20 m in height and can tolerate
temperatures till -20°C. The leaves are lanceolate, glossy green on the top face and whitish
below, and can measure up to 20 cm. The flowers are white with a yellow center and consist
of a great number of petals and stamens.
The native people of Chile called Mapuche consider this tree sacred, a symbol of
benevolence, peace and justice. It is present in all social and religious meetings called
“guillatún” and “machitún” where the healer or “machi” uses leaves or sap of Canelo as
medicine [2].
The main secondary metabolites in Canelo are drimane sesquiterpenoids which were
described by H.H. Appel [3-5]. The name drimane is derived from the sesquiterpenoid
alcohol drimenol (2) and describes the saturated hydrocarbon decalin moiety with the
structure and absolute configuration shown in structure 1 in Fig. 1. These compounds were
reviewed by B. Jansen (2004) [6].
Drimys winteri J.R. belongs to the Canellaceae family and the genus Winterana, other
genera are Cinnamodendron endemic to South America, Warburgia to South East Africa and
Cinnamosma to Madagascar. From all constituent species drimane sesquiterpenoids with
medicinal properties, such us fungicidal, insecticidal, antiinflamatory and bactericidal
properties were reported. These metabolites are also useful in the chemotaxonomy of the
family [7].

2. BIOSYNTHESIS AND BIOTRANSFORMATION OF DRIMANE
SESQUITERPENOIDS
Drimane sesquiterpenoids are biosynthesized from farnesylpyrophosphate (FPP),
through a process which is initiated by protonation of the double bond at the head position of
FPP, initializing a double cyclization process, which yields drimenyl pyrophosphate with the
A,B ring system similar to many triterpenoids [8]. Hydrolysis of this intermediate gives
drimenol (2). The stereochemistry of the final product is determined by the orientation of the
substituents and the double bonds in the chair-like conformation of the FPP chain prior to
cyclization (Scheme 1). Further enzymatic oxidations of drimenol lead to a broad number of
compounds shown in Fig. 1.
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The enantioselective activation of a sp3 carbon is a difficult task in organic synthesis
due to the high energy required for activation of C-H and C-C bonds. In the drimane skeleton
the activation of position 3 has been reported by microbial oxidation to yield 3β-hydroxy
drimane derivatives [9].

Figure 1. Structures of natural drimane sesquiterpenoids isolated from D. winteri

Scheme 1. Biosynthesis of drimenol
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Incubation of confertifolin (14) at a concentration of 0.5 g/l with Mucor plumbeus,
Aspergillus niger or Rhizopus arrhizus for 48 h gave, independent of the microorganism, the
corresponding 3β-hydroxyconfertifolin in good yields, while the same experiment with
isodrimenin (12) incubated with A. niger or M. plumbeus afforded a major metabolite
characterized as 3 β-hydroxyisodrimenin. However, on incubation with R. arrhizus,
isodrimenin afforded two isomeric hydroxylated metabolites, one of them being identical to
3β-hydroxyisodrimenin but the other compound was the known natural 7a-hydroxy derivative
futronolide (9) [10].

3. PURIFICATION AND NMR CHARACTERIZATION OF DRIMANE
SESQUITERPENOIDS FROM DRIMYS WINTERI
Barks of Drimys winteri are suitable for the extraction of drimane sesquiterpenoids,
which must be crushed and extracted by maceration with organic solvents such us light
petroleum, dichloromethane, chloroform or ethyl acetate. Considering that drimane
compounds are mostly lipophilic, good extractions were performed with ethyl acetate or
ethanol for 3 days at room temperature without using halogenated solvents. The organic layer
is evaporated in vacuo giving a crude gummy oil which can be fractionated by distillation at
10-4 mmHg and temperatures between 130 to 260°C. The fractions must be further purified by
column chromatography. According to this protocol, confertifolin (14), valdiviolide (11) and
futronolide (9) were isolated [5]. As the high temperatures required for distillation can destroy
the sensitive compounds, the crude total extract can be purified by column chromatography
on silica gel using solvent mixtures of increasing polarity (e. g. hexane/ethyl acetate).
Considering that these compounds are not highly polar, the major compounds can be eluted
with a hexane/ethyl acetate (4:1 v/v) solvent mixture. However, it is very important to start
the chromatography with pure hexane, because the extract contains ca. 40% of fatty acids and
aromatic small molecules which could interfere with the purification of drimanes.
The chromatographic purification is monitored by thin-layer chromatography (TLC).
Classical developer reagents are useful such as UV-light (220 nm, nondestructive technique)
followed by H2SO4 (30 wt-% in water), which is sprayed over the TLC plate and then heated.
Most of the drimanes can be detected with H2SO4, with the exception of cinnamolide (4)
which is detected with UV-light.
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With hexane/ethyl acetate (9:1 (v/v)) as eluent, the compounds were eluted in the
order drimenin (3) (colorless crystals), drimenol (2) (colorless crystals), cinnamolide (4)
(colorless crystals), isodrimenin (12) (colorless crystals) and confertifolin (14) (colorless
crystals). Eluting with hexane/ethyl acetate (4:1 (v/v)) gave isodrimeninol (5) (yellow oil),
isotadeonal (7) (yellow oil) and polygodial (6) (yellow oil). With hexane/ethyl acetate (1:1
(v/v)) valdiviolide (11) (colorless crystals) and dendocarbin A (10) (colorless crystals) were
obtained, and elution with hexane/ethyl acetate (2:3 (v/v)) furnished futronolide (9) (colorless
crystals) and winterin (8) (colorless crystals) [5, 11].
The pure compounds are usually colorless crystals with the exception of isodrimeninol
(5), polygodial (6) and isotadeonal (7), which are oils at room temperature. The structures of
some drimanes have been confirmed by X-ray crystallography studies [12-15] where a basic
structural framework is shown. To a trans-decalin moiety usually a lactone is annellated at
the C-11-C-12 bond. Either the C7-C8 bond or the C-8-C-9 bond may be unsaturated,
resulting in a twisted chair conformation of the second ring.
The structure elucidation of drimanes is possible by high field NMR spectroscopy [1619]. Most naturally occurring drimanes have a carbonyl group either at C-11 or at C-12 and at
least one endocyclic C-C-double bond. The

13

C-NMR-spectrum can provide valuable

information in this regard: for example, a resonance at 170 ppm is generally indicative for a
lactone structure. The two aldehyde groups present in polygodial can be distinguished by their
chemical shift values at 202 ppm (for C-11, isolated carbonyl carbon) and 193 ppm (for
C-12), which appears at higher field due to conjugation with the C-7-C-8 double bond. The
signals for C-7 and C-8 are found at 154 ppm and 138 ppm, respectively. The comparatively
large difference of the chemical shift values for C-7 and C-8 is another indicator for the
conjugation with the carbonyl carbon C-12. An equally useful indicator to determine whether
a C-C-double bond is in conjugation with a carbonyl carbon are the chemical shift values of
the olefinic protons in the 1H-NMR-spectra (Table 1).
For drimenol (13) and drimenin (3), with an isolated C-C-double bond, the δ(1H) value
of H-7 is between 5.5 and 6.0 ppm, whereas this value is shifted downfield to 6.8-7.1 ppm for
cinnamolide (4), dendocarbin A (10) and polygodial (6). If no vinylic protons appear in the
1

H-NMR-spectrum, but signals from quaternary carbons are found in the olefinic region of the

13

C-NMR-spectrum, the C-C-double bond is located between C-8 and C-9.
In Fig. 2, the 1H-NMR spectrum of drimenin (3) is presented. Note that both protons

H-12 are diasterotopic but overlap at 4.64 ppm. In Fig. 3, the 1H-NMR spectrum of
isodrimeninol (5) is shown (CDCl3, singlet at 7.26 ppm originates from residual CHCl3).
Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

121

Table 1. 1H-NMR (600 MHz) results for drimane sesquiterpenoids purified from D. winteri
H

1

2

3

5

6

Drimenola

Drimenina

1.06, td,

1.22, m

J = 13.1, 3.7

2.49, dq,

1.95, ov

J = 13.4, 2.7

1.45, ov

1.49, m

1.56, qt,

1.59, dq,

J = 13.6, 3.1

J = 13.7, 3.2

1.42, ov
1.18, ov
1.17, ov

Cinnamolidea

Dendocarbin Ab

Polygodiala
1.39, td,

1.20, m

1.30, m

J = 13.2, 2.5

1.59, m

1.81, m

1.84, dq,
J = 13.2, 2.5

1.49, m

1.50, m

1.59, m

1.60, m

1.49, m

1.25, m

1.50, m

1.49, m

1.24, m

1.51, m

1.25, m

1.24, m

1.36, dd,

1.39, dd,

1.36, dd,

J= 11.7,5.3

J = 11.6, 5.3

J = 11.7, 5.3

2.41, ddd,

2.41, dqd,

2.51, ddddd,

J= 20.3, 8.9,

J =20.2, 4.3,

J = 20.3, 5.5,

1.52, 2H, m

1.26, m

1.98, ov

2.21, m

3.7

0.5

4.5, 2.1, 0.8

1.86, ov

1.98, m

2.11, dddd,

2.09, dddd,

2.32, dddd,

J = 20.2, 11.8,

J = 20.2, 11.8,

J = 20.4, 12.1,

5.0, 3.3

4.7, 3.3

3.9, 2.4
7.14, dt,

7

5.54, m

5.74, br s

6.88, q, J = 3.5

6.82, m

9

1.84, ov

2.78,br s

2.82, m

2.52, m

4.04, t, J = 9.1

5.64, br d,

9.53, d,

4.38, t, J = 9.2

J = 6.0

J = 4.4

J = 5.0, 2.2
2.83, ddd,
J = 6.1, 4.1, 2.1

3.85, dd,
11

J = 11.3, 3.4
3.73, dd,

-

J = 11.3, 5.0

a

12

1.78, 3H, s

4.66, 2H, m

-

-

9.46, s

13

0.86, 3H, s

0.90, s

0.92, s

0.91, s

0.92, s

14

0.88, 3H, s

0.92, s

0.95, s

0.93, s

0.96, s

15

0.85, 3H, s

0.88, s

0.81, s

0.85, s

0.95, s

in CDCl3. b in CD2Cl2.δ in ppm. J in Hz
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The signal at 3.28 ppm originates from the interchangeable OH-proton. The double set
of signals is caused by the presence of the C-11 anomer.

Table 2.13C-NMR (150 MHz) results for drimane sesquiterpenoids purified from D. winteri

a

C

Drimenola

Drimenina

Cinnamolidea

Dendocarbin Ab

Polygodiala

1

40.0

38.4

39.5

39.4

39.5

2

18.7

18.2

18.2

18.5

18.0

3

42.2

42.3

42.2

42.2

41.7

c

33.1

4

33.1

33.0

32.8

33.0

5

50.0

49.6

49.6

49.4

48.9

6

23.7

23.3

24.9

25.1

25.2

7

124.3

121.2

136.5

137.3

154.3

8

133.0

129.8

127.1

128.2

138.2

9

57.4

53.6

50.8

59.4

60.3

10

36.1

34.3

34.2

34.3

36.8

11

61.1

175.4

67.3

99.4

202.0

12

22.1

69.8

170.4

168.2

193.2

13

33.5

33.0

33.1

33.1c

33.1

14

22.2

21.4

21.3

21.3

22.9

15

15.1

13.9

13.4

14.5

15.2

in CDCl3. b in CD2Cl2.δ in ppm

PROBLEM 1.
The 1D and 2D NMR-spectra depicted in Figures 4-7 were recorded for one of the drimane
sesquiterpenes shown in Figure 1. As an exercise, the readers are encouraged to propose the
structure of this unknown drimane, based on the spectra provided! Solution of the problem is
at the end of chapter.
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Figure 2. 1H NMR (400 MHz, CDCl3) of drimenin

Figure 3. 1H NMR (400 MHz, CDCl3) of isodrimeninol
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Figure 4. 1H NMR (400 MHz, CDCl3)

Figure 5. 13C NMR (150 MHz, CDCl3)

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

125

Figure 6. HSQC NMR (400 MHz, CDCl3)

Figure 7. HMBC NMR (400 MHz, CDCl3)
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4. CHEMICAL SYNTHESIS OF DRIMANE SESQUITERPENOIDS
The total synthesis of drimanes has been covered in various reviews [6, 20-22].
Therefore, this section is not intended to be comprehensive, but will rather highlight selected
examples to illustrate the strategies pursued in the chemical synthesis of drimane
sesquiterpenoids.
In general, total syntheses of drimanes can be categorized into “ex-chiral pool” and
“de novo” approaches. The former start from other terpenoids, mostly diterpenes, with a
decalin moiety already present in the molecular structure, while the latter rely on the
construction of the decalin moiety by a synthetic step. Historically, the ex-chiral pool
approaches are important because they enabled the first enantioselective semisyntheses of
drimane sesquiterpenoids, whereas most de novo syntheses in the 1980’s could only be
accomplished in racemic form.
The reviews by Jansen and de Groot [6] and Vlad [20] provide comprehensive
overviews of semisyntheses starting from various other terpenoids up to the beginning of the
last decade, while the more recent reviews by Salazar and Villamizar focus on the use of the
labdane diterpene (+)-manool (15) in natural product synthesis [21, 22]. As a representative
example, we discuss here semisyntheses of the Drimys winteri sesquiterpenoids confertifolin
(14), valdiviolide (11) and winterin (8) from (+)-manool (15) (Scheme 2). All these syntheses
start with a two-step degradation of the side chain at C-9, which proceeds via oxidation to the
methyl ketone 16 using permanganate [23] and subsequent Norrish-type-II reaction. This
photochemically induced process proceeds with liberation of acetone and formation of diene
17 in 78% yield, based on recovered starting material (brsm) [24]. However, due to the rather
low conversion commonly observed for aliphatic Norrish-type II reactions the actual yield of
17 is only 12%. Confertifolin (14) was obtained from the key intermediate 17 in low yield by
photooxygenation using the dye rose bengal as a photosensitizer. Interestingly, by chosing a
different photosensitizer, meso-tetraphenyl porphyrin, the cyclic endo-peroxide 18 was
obtained in good yield [24, 25]. The authors could demonstrate that 18 is not an intermediate
en route to confertifolin (14), but is formed through a different pathway. Endoperoxide 18
turned out to be a useful intermediate in the synthesis of several other drimane
sesquiterpenoids. Reductive cleavage of the peroxide with LiAlH4 furnished the 1,4-diol 19
[26], which could be oxidized in one step with pyridinium chlorochromate (PCC) to euryfuran
(20), a naturally occurring furanosesquiterpene isolated from marine nudibranches or sponges
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[27]. Photooxygenation of euryfuran (20) furnished a 2:1 mixture of regioisomeric γ-hydroxy
lactones, from which the major product was isolated in 50% yield and identified as the
Drimys winteri sesquiterpene valdiviolide (11), whereas the minor isomer was found to be
12α-hydroxyisodrimenin (21) [28]. This compound, which is also a natural product isolated
from a marine sponge [29], was oxidized with CrO3 in sulfuric acid to furnish winterin (8)
[28]. Other, conceptually related approaches to drimanes that involve photochemical or
oxidative degradation of the side chain in diterpenoids start from sclareol [30, 31], zamoranic
acid [32], labdanolic acid [33], larixol [34, 35] or carnosic acid [36].

Scheme 2. Semisyntheses of representative drimane sesquiterpenes from (+)-manool
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As mentioned in the introduction, early “de novo” syntheses of drimanes were
racemic. An illustrative example in this regard is the Diels-Alder-route to these sesquiterpenes
developed by Ley and coworkers in the early 1980’s (Scheme 3) [9].

Scheme 3. “De novo” syntheses of racemic drimanes via Diels-Alder cycloaddition

The conjugated diene 23 required for the construction of the decaline moiety was
synthesized from commercially available β-cyclocitral (22) by Wittig-olefination or, as shown
in scheme 3, by an acid-catalyzed Peterson-olefination. For the Diels-Alder reaction the
particularly reactive dienophile acetylene dimethyldicarboxylate was chosen, which reacted
with 23 to rac-24 in high yield. Partial hydrogenation with concommitant double bond
isomerization required considerable optimization, but was eventually accomplished with Pd/C
as a catalyst for the hydrogenation and sulfuric acid to promote the double bond migration.
Reduction of the resulting diester rac-25 with LiAlH4 furnished the drimane sesquiterpene
rac-drimenediol (rac-13). Ley and coworkers were able to elaborate rac-13 into several other
drimane sesquiterpenes, such as cinnamolide (rac-4), polygodial (rac-6), isodrimeninol (rac5), drimenin (rac-3) or warburganal, which was not isolated from Drimys winteri and is
therefore not depicted in Figure 1. As two illustrative examples syntheses of rac-cinnamolide
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(rac-4) and rac-polygodial (rac-6) are shown in Scheme 3. Double oxidation of the 1,4-diol
rac-13 to the 1,4-dialdehyde polygodial (rac-6) was accomplished in very high yield using a
Swern-oxidation. The synthesis of cinnamolide (rac-4) required a chemoselective oxidation of
the allylic alcohol to the enal, and subsequent oxidation of the resulting lactol to the lactone.
For this purpose, the authors tested a variety of methods, such as Collins’ reagent
((pyridine)2•CrO3), or Fetizon’s reagent (Ag2CO3 on celite). However, the best choice with
regard to yield and cost was barium manganate, which furnished cinnamolide (rac-4) in
quantitative yield. As mentioned above, drimenin has also been synthesized from rac-13, but
its synthesis requires additional protecting group transformations due to the lower reactivity
of the primary alcohol at C-11 in oxidation reactions compared to the allylic alcohol at C-12.
The first enantioselective de-novo-approaches to drimane sesquiterpenes made use of
either desymmetrization of meso-precursors or resolution of racemic precursors. An example
for the former is summarized in Scheme 4. Compound 26 (prepared in one step from
Hagemanns ester [37]) is first hydrogenated to the meso-compound meso-27, which was
efficiently desymmetrized in excellent yield and enantioselectivity, using a lipase from
Pseudomonas fluorescens, to furnish the enantiopure decaline (-)-27. This compound was
converted in 16 steps to (+)-29, via the intermediate (+)-28 [38]. This sequence represents a
formal total synthesis of drimenin (3), because enone (+)-29 had previously been used to
synthesize this particular drimane [39] (Scheme 4).
In Scheme 5 two different approaches to the synthesis of enantiopure drimanes or
advanced precursors based on optical resolution are highlighted. A useful starting compound
is ketone rac-31, which has been synthesized by Brønsted- [40] or Lewis-acid [41] mediated
cyclizations of β-ketoester 30. Wittig olefination of rac-31 gives an exo-methylene
compound, the methyl ester of albicanic acid [42]. To set the stage for the optical resolution,
the free carboxylic acid (known as albicanic acid) was required. Ester hydrolysis turned out to
be troublesome, but could eventually be accomplished using LiI in refluxing DMF.
Optical resolution of rac-albicanic acid (rac-32) was accomplished by the formation
of diastereomeric salts with (+)-α-phenylethylamine or (+)-ephedrine, which were separated
by crystallization. Subsequent acidification furnished the enantiomers of albicanic acid
separately, which were esterified using diazomethane. Through this sequence, (+)- and (-)methylalbicanate (31) could be obtained separately in 50% yield [43]. The authors employed
(-)-31 in the synthesis of several naturally occurring drimanes, e. g. (-)-drimenin ((-)-3), which
was obtained in two steps from enantiopure 31 by diastereoselective epoxidation to give (+)-
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33. This epoxide underwent acid-catalyzed ring opening and elimination of water to give
drimenin (Scheme 5) [43].
An alternative method for optical resolutions relies on the formation diastereomers by
covalent linkage to a chiral auxiliary. For diol rac-34, accessible from rac-31 by reduction
with LiAlH4, this has been achieved by Steglich esterification of N-Boc-proline (35) with the
primary alcohol of rac-34. The resulting diastereomers 36a and 36b were easily separated by
flash chromatography and individually hydrolysed to cleave the proline auxiliary. Both
enantiomers of 34 could be obtained in good yield and excellent optical purity, as shown in
scheme 5 for (+)-34 [44, 45].
A screening of various enzymes revealed that the lipase PL-266 from Alcaligenes sp.
furnished enantiomerically pure (-)-albicanol ((-)-37) in 38% yield and perfect
enantioselectivity with isopropenyl acetate as the acylating reagent. The second product,
albicanol acetate (38), was obtained in better yield but only with a moderate enantiomeric
excess of 67%. Hydrolysis of this enantioenriched (+)-albicanol acetate and re-submission of
the resulting enantioenriched albicanol to lipase PL-266 and isopropenyl acetate greatly
improved the enantiomeric excess of (+)-albicanol acetate ((+)-38) to higher than 99%
(Scheme 6). Previously, a structurally related ketoalcohol with a primary alcohol at C-11 and
a carbonyl group at C-8 had been kinetically resolved using vinyl acetate and a lipase from
Candida cylindracea, but enantioselectivities remained moderate in this example [47].

Scheme 4. Formal total synthesis of enantiopure drimenin (3) through enzymatic desymmetrization
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Scheme 5. Optical resolution approaches to enantiopure drimanes

Scheme 6. Enzymatic kinetic resolution of rac-albicanol
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The most recent syntheses of drimane sesquiterpenes use enantioselective methods or
transition metal catalysis. An example for the former employs a Diels-Alder reaction of 23
(see Scheme 3) with a chirally modified dienophile 39 for the construction of the decaline ring
system [48]. In compound 39 an Evans-auxiliary has been linked to a substituted crotonic acid
via an amide bond. A regio- and diastereoselective Diels-Alder reaction was mediated by the
Lewis acid MeAlCl2 at ambient temperature, to furnish compound 40 in good yield and as a
15:1 mixture of exo- and endo isomers. By recrystallization the diastereomeric ratio could be
improved to 99:1. The envisaged conversion of the Diels-Alder adduct 40 into the drimane
(+)-dihydrodrimenin (42) required a detour: originally, the authors investigated the reductive
removal of the benzyl protecting group followed by spontaneous lactonization and subsequent
hydrogenation of the C-5-C-6 double bond using PtO2 as a catalyst. These conditions did not
result in the formation of dihydrodrimenin, but instead its C-5-epimer was formed in good
overall yield. To circumvent this problem the endocyclic double bond was hydroborated
to give the drimane 41 with the required configuration at C-5, but with an additional
hydroxy group at C-6. Removal of this OH-group was achieved through a Barton
deoxygenation, which gave the desired (+)-dihydrodrimenin (42) as a single stereoisomer.
(+)-Dihydrodrimenin (42) could be converted to (+)-albicanol (37) in four steps (Scheme 7)
[48].

Scheme 7. Enantioselective synthesis of (+)-dihydrodrimenin
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Another strategy for the enantioselective construction of the decalin scaffold involves
the Lewis acid mediated cyclization of enantiomerically pure polyenes. This approach has
not yet been pursued for drimanes from Drimys winteri, but for the meroterpenoid
(-)-cyclosmenospongine [49], the labdane diterpenoid (-)-andrographolide [50] and the
C-14-oxygenated drimane sesequiterpene (+)-iresin [51].
Finally, we highlight one example for the construction of the drimane skeleton via a
transition metal catalyzed cascade cyclization of alkynes (Scheme 8) [52]. Diyne 43 was
treated with catalytic amounts of the NHC-Au complex [IPrAuCl] and AgSbF6 as a chloride
abstractor in the presence of benzylic alcohol as a nucleophile. Electrophilic activation of the
C-C-triple bonds induced a cyclization cascade resulting in the advanced intermediate 44,
which was converted in four steps (including the reductive removal of the benzyloxy
substituent at C-12 and a Barton-deoxygenation at C-1) to the drimane sesquiterpene antrocin,
a secondary metabolite originally isolated from the medicinally used mushroom Antrodia
camphorata.

Scheme 8. Construction of drimane skeleton via Au-catalyzed cascade cyclization

5. BIOACTIVITY OF DRIMANE
5.1. Effects on ion channels

Drimys winteri has a characteristically pungent flavor in the leaves and barks, which
are thick with abundant pungent fat, irritating for eyes, sensible skin or injuries. This is caused
by the presence of polygodial (6), an unsaturated 1,4-dialdehyde sesquiterpenoid component
of the “hot taste” in peppery spices of traditional Japanese cuisine. It adds a pungent
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orosensory impression to dishes such as sashimi [53]. In Fig. 1 two drimane sesquiterpenoids
with an unsaturated 1,4-dialdehyde at C-8 and C-9 are shown, one of them is polygodial (6)
and the other is epipolygodial (7), the C-9-α-epimer of polygodial. Interestingly, the latter is
non-pungent.
The pungency is believed to be based mainly on the activation of two members of the
transient receptor potential ankyrin 1 (TRPA1) and transient receptor potential vanilloid 1
(TRPV1). Both are calcium permeable non-selective cation channels which are expressed in
the nociceptive neurons and induce a sensation of heat on activation by some pungent
ingredients in food. These two polymodic, non-selective cation channels, which also play a
role in pain perception, are expressed on free afferent nerve endings of trigeminal neurons in
the oral cavity [54]. Capsaicin, isolated from chili peppers, which induces a pungent
sensation, was the first agonist reported for TRPV1 [55]. Piperine, one of the key molecules
responsible for the pungency of black pepper, also activates TRPV1.
Polygodial increased [Ca2+]i in the CHO cells that expressed hTRPA1, with agonist
potency of 0.059 µM and efficacy of 95%, and also demonstrated stronger agonist activity
over TRPA1 than TRPV1, suggesting that the pungency of this terpenoid may be due to the
activation of TRPA1 [56].
Polygodial also increases the intracellular free calcium concentration [Ca2+]i in human
neuroblastoma SH-SY5Y cells, whereas epipolygodial has no effect on the release of [Ca2+]i.
From this result and the study on inositol phosphate (IP) formation, based on the assumption
that there might be a correlation between the release of intracellular Ca2+ and pungency of the
compounds, it was found that polygodial induces IP mobilization in a concentration
dependent way in the SH-SY5Y cells. Phosphoinositide (PPI) turnover was activated by
epipolygodial, but only at concentrations 40-fold higher than for polygodial, which
emphasizes that not only the 1,4-distance of the aldehydes is important for the biological
activity of polygodial, but also the correct configuration [57].
Increasing the intracellular concentration of free calcium ions [Ca2+] by a release from
intracellular Ca2+ stores, affects directly the noradrenaline (NA) release. For human
neuroblastoma cell line SH-SY5Y, preloaded with tritiated NA ([3H]NA), polygodial induced
a significant [3H]NA release at concentrations between 0.1 and 0.5 μg/ml with a maximum
effect at 0.2 μg/ml. In conclusion, polygodial, at concentrations of 0.1-0.5 μg/ml (equal
to 0.4-2 μM), induces NA release which is dependent on polygodial-induced increase
in [Ca2+] [58].
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Two-pore domain (K2P) potassium channels have been identified as targets for
substances associated with typical trigeminal sensations, such as numbing and tingling. The
effect of polygodial on human K2P channels TASK-1, TASK-3 was evaluated on Xenopus
oocytes model. TASK-1 and TASK-3 were both inhibited by polygodial in a dose-dependent
manner, with IC50 values of 328 ± 24.7 μM for TASK-3 (only partially reversible) and
484.5 ± 18.2 μM for TASK-1 [59].

5.2. Vasorelaxant activities

Vascular diseases, including atherosclerosis, thrombus and vascular inflammation,
have become worldwide epidemics in modern society. Vascular diseases affect lumen caliber
and induce ischemia, hypoxia and necrosis of tissues and organs, such as acute myocardial
ischemia, cerebral infarction and hypertension. To relax or contract blood vessels, vascular
endothelial cells (VECs) produce endothelium-derived relaxing factors (EDRFs) and
endothelium-derived contracting factors (EDCFs). The balance between EDRFs and EDCFs
is essential to maintain vascular tension and endothelial function. In disease status, such as
hypertension, abnormal hemodynamic signals disturb the balance between EDRFs and
EDCFs, trigger preternatural vasoconstriction and induce endothelial dysfunction.
Polygodial displays vasorelaxant action on the rat portal vein in vitro, which has
previously been contracted by various agonists. Polygodial (21-342 µM), preincubated 20
minutes before, produced graded antagonism of the contractile responses caused by
bradykinin, endothelin-1, noradrenaline, U46619 (the stable analogue of thromboxane A2),
substance P, neurokinin B and senktide (an NK3-selective agonist). At the same
concentration, polygodial also produced graded inhibition of the contractile response induced
by potassium chloride and by phorbol ester. At the median inhibitory concentration (IC50)
level, polygodial was approximately 114- to 177-fold more active in inhibiting mediated
contractions to senktide and phorbol ester. When assessed in the tonic contraction induced
by endothelin-1 (0.5 nM) or by phorbol (3 µM), polygodial (0.1-100 µM) produced
concentration-dependent relaxation, with maximal inhibition (E(max)) of 62 +/- 2% and
100%, respectively. Finally, polygodial (0.1-100 µM) inhibited the rhythmic spontaneous
contractions of the rat portal vein (E(max) of 75 +/- 2%). Taken together, these results suggest
that the vasorelaxant actions caused by polygodial in rat portal vein are, at least in part,
associated with inhibition of calcium influx through voltage-sensitive channels and interaction
with protein kinase C-dependent mechanisms [60].
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On rings of rabbit pulmonary artery or thoracic aorta and guinea-pig pulmonary artery
with endothelium, polygodial induces relaxation. In rings of rabbit or guinea pig pulmonary
arteries with and without intact endothelium, polygodial showed EC50 values between 0.4 and
2.9 μM. This effect demonstrates the vasorelaxant properties of the compound, which are
partly dependent on the release of nitric oxide (NO) from the vascular endothelium and are
not related with the opening of K+ channels [61].

5.3. Antifungal activity

Polygodial exhibits potent fungicidal activity, especially against yeast-like fungi such
as Candida albicans, Cryptococcus neoformans and Saccharomyces cerevisiae [62]. Against
C. albicans, polygodial displays a minimum inhibitory concentration (MIC) of 3.13 μg/ml
and minimum fungicidal concentration (MFC) of 6.25 μg/ml. Under the same conditions
miconazole has an MIC of 6.25 μg/ml and an MFC of 50 μg/ml with properties more
characteristic offungistaticagents [63, 64]. However, the combination of miconazole with
polygodial exhibits strong synergism on both fungistatic and fungicidal action against
C. albicans. Polygodial completely killed the initial inoculum of C. albicans at concentration
of 6.25 μg/ml within 12 h, but at a concentration of 3.13 μg/ml no fungicidal activity was
observed. Miconazole alone did not exhibit any lethal activity at a concentration of 25 μg/ml
within 48 h. However, when miconazole at this concentration mixed with polygodial at a
concentration of 3.13 μg/ml was applied, complete lethal action of the mixture was observed
within 24 h [65].
Polygodial also shows a synergism on the fungicidal action of anethole, which is an
antimicrobial principle from the seeds of Pimpinella anisum. The phenylpropanoid anethol
has MIC’s against C. albicans of 200 μg/ml and against S. cerevisiae of 200 μg/ml.
Polygodial does not enhance the antifungal activity of anethole, but a dramatic increase in the
antifungal activity of polygodial occurred when it was combined with a sublethal amount of
anethole. The activity of polygodial against S. cervisiae and C. albicans was increased
64- and 32-fold, respectively. In other words, the MIC of polygodial against S. cervisiae was
reduced from 1.56 to 0.024 μg/ml, and in the case of C. albicans from 3.13 to 0.098 μg/ml,
when polygodial was combined with 100 μg/ml of anethole (which corresponds to half of the
MIC of anethole against both C. albicans and S. cervisiae) [66].

Tiezzi A., Karpiński T.M., eds. New aspects in medicinal plants and pharmacognosy.
DOI: http://dx.doi.org/10.5281/zenodo.833147
JBBooks, Poznań, Poland, 2017

137

The fungicidal activity of polygodial has multiple origins, but it is primarily caused by
its ability to act as a nonionic surface-active agent disrupting the lipid-protein interface [67]
and thereby inducing membrane leakage in S.cerevisiae and also in the human neuroblastoma
cells [68]. Due to the 1,4-dialdehyde structure, polygodial can react with primary amines
to pyrroles. Considering that lipids such as phosphatidylethanolamine (PE) and
phosphatidylserine (PS) contain a primary amino group, polygodial mayreact with the amino
groups of PE and PS at the outer leaflet of plasma membranes, thereby disturbing the balance
of the plasma membrane. Once polygodial enters the cytoplasm by destroying the membrane
barrier, it is involved in biochemical processes, e.g. by reacting with l-cystein-containing
cytoplasmic materials, such as the small moleculeglutathione, and the proteinalcohol
dehydrogenase, to potentiate the antifungal action [69].

5.4. Antibacterial activity

Drimane sesquiterpenoids are not potent antibacterial compounds. For instance,
drimenol has antibacterial activities (MIC values) against S. aureus of 667 μg/ml, B. cereus of
667 μg/ml, A. baumanii of 583 μg/ml, E. coli of 1.333 μg/ml and P. aeruginosa of 667 μg/ml
[70]. These MIC values are more than 100 times higher than the corresponding values for
polygodial, which is the most active metabolite with regard to antibacterial activity.
Polygodial displays minimum bactericidal concentrations (MBC) against Grampositive bacteria Bacillus subtilis of 100 μg/ml (0.34 mM) and Staphylococcus aureus of
100 μg/ml (0.34 mM). Against Gram-negative bacteria the following MBC values were
reported: Escherichia coli of 100 μg/ml; Salmonella choleraesuis of 50 μg/ml. Polygodial did
not display activity up to 400 μg/ml against Pseudomonas aeruginosa strains [71].
Drimanes also affect the bacterial quorum sensing system (QS), which is the
communication system through which bacteria can regulate colonization, biofilm formation
and virulence factors. The evaluation of polygodial, drimenol, isodrimeninol, drimenin,
isodrimenin, cinnamolide and valdiviolide in the bacterial communication system through the
biosensor AI-1, Chromobacterium violaceum ATCC 12472 show that cinnamolide and
valdiviolide, two α,β unsaturated lactones with the carbonyl on position 12 of the drimane
skeleton are inhibitors of QS, displaying a reduction of the pigment violacein at 54.3% and
43.7%, respectively, using a concentration of sesquiterpene of 800 μg/ml [11].
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5.5. Insecticidal activity of drimane sesquiterpenoids

Antifeedant activity and toxicity of drimane sesquiterpenes have been investigated in
the search for new natural and non-toxic compounds for pest control. In spite of all efforts in
protecting crops from noxious pests all over the world, losses due to these causes can annually
reach 10-20% [72].
Drimendiol, isodrimeninol, isotadeonal and polygodial were investigated against the
Egyptian cotton leafworm, Spodoptera littoralis (Boisduval) (Lep. Noctuidae). At 1000 ppm,
polygodial exhibited the strongest antifeedant activity against sixth instar larvae when applied
on leaf discs under choice and no-choice conditions (feeding deterrence index: 94.7% for
polygodial, on the choice test). Nutritional indices after exposure over a 12 h period show
reduced feeding and growth rates, being significantly higher with polygodial and
isodrimeninol. Polygodial was the most potent feeding and growth inhibitor for S. littoralis
with DC50 = 708 ppm and EC50 = 198 ppm, respectively [73].
Polygodial shows antifeedant and deterrent effectsagainst a broad spectrum of insects.
For example, its ED50 (effective dose at which 50% of the insects are deterred) value for the
silverleaf whitefly Bemisia tabaci (Gennadius) is about 25 μg/g fresh weight (FW), and the
ED50 value for the green peach aphid M. persicae is about 54 μg/g FW. Bioassays were
benchmarked with pyrethrins that had a 20-fold lower ED50 of approximately 1.4 μg/g FW
against whiteflies, but only a twofold lower ED50 (about 28 μg/g FW) against peach aphids.
Polygodial also showed moderate phytotoxic effects (score of 2 on a scale of 1-5) on tomato
leaves at concentrations above the ED50 (≥90 μg/g FW) [74].
A. aegypti is a vector of arboviruses responsible for major diseases like dengue and
dengue hemorrhagic fever, West Nile Virus and chikungunya. It infects more than 100 million
people every year. Confertifolin displays LC50 values of 2.90 and 2.96 ppm for second and
fourth instar larvae of A. aegypti, respectively. At 10 ppm, this concentration of confertifolin
showed ovicidal activity of 100, 100, and 77.6% on 0-6, 6-12, and 12-18 hold eggs,
respectively. The repellent activity was 323.2 min, oviposition deterrent activity was 97.52%
and adulticidal activity was 100% against A. aegypti. Confertifolin shows statistically
significant activity against A. aegypti and might be considered as a potent source for the
production of superior natural mosquitocides [75].
Leishmaniasis and American trypanosomiasis (Chagas’ disease) are tropical diseases
caused by protozoan parasites belonging to the genera Leishmania and Trypanosoma which
affect the poorest population in developing countries. The clinically used drugs include highly
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toxic compounds such as pentavalent antimonials and nitroheterocyclic compounds.
Polygodial shows anti-leishmanial and anti-trypanosomal activities against all tested
Leishmania species. IC50 values are in the range between 34.83 and 62.11 μg/ml, with high
parasite selectivity towards Trypanosoma cruzi trypomastigotes (2 μg/ml). Polygodial also
showed intense ultrastructural damages in Leishmania in short-time incubation. Despite its
effectiveness, polygodial was not more active than the standard drug pentamidine, which has
IC50 values between 0.23 and 0.39 μg/ml [76].

SOLUTION OF PROBLEM 1: DRIMENDIOL (13).
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ABSTRACT
The aim of this work was the search of molecules biologically active from Myrtus
communis leaves. Powders of dried leaves were extracted with different solvents (ethanol,
ethanol/chloroform and chloroform) and after their evaporation the obtained powders were
solubilized with a solution of 10% DMSO in water. After sterilization by filtering, we treated
murine myeloma cells (P3X cell line) and bacteria (Bacillus cereus) for 24 hours with the
obtained extracts. Subsequently, the ethanol/chloroform extract was processed by Thin Layer
Chromatography (TLC). At the end of the run the silical-sheet was divided in three fractions
(F1, F2, F3), each fraction tested on mammalian and bacterial cells and the F3 fraction
resulted positive. Subsequently, by another TLC run the spots contained in F3 were separated
and then tested on mammalian and bacterial cells. The spots (S3, S4, S5 and S6) contained in
F3 fraction were assayed on P3X cells and B. cereus. After 24 hours of treatment, S3 did not
show cytotoxic effect on P3X, S4 a weak activity whereas S5 and S6 showed cytotoxic
effects, both with 50% of living cells; S3 and S4 showed antibacterial activity to B. cereus
with ZOI of 11.2 mm and 12.8 mm respectively whereas no antibacterial activity was
revealed in spot S5 and S6.The obtained results allowed to suppose that activities against P3X
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cells and B. cereus could be related to different molecules or molecule groups consisting the
F3 fraction.

Keywords: Myrtus communis; Bacillus cereus; Thin Layer Chromatography (TLC).

1. INTRODUCTION
Plants contain many molecule families such as terpenes, terpenoids, phenols,
flavonoids, anthraquinones and alkaloids which often show biological activities [1]. In past
time the searching of biologically active plant compounds provided interesting results in the
biomedical field and some useful molecules were identified and applied as active principles
for pharmaceuticals [2-4].
Plants are also a source of antibiotics to human and animal pathogens [5] and
such compounds could result useful for the increasing variety of new strains originated with
the selection processes caused by the uncontrolled application of antimicrobial agents
worldwide [6].
Myrtus communis L. (Fig. 1) is a plant widely used for food and beverage preparations
and is well known in traditional medicine for its anti-inflammatory, antimicrobic and
antioxidant properties [7]. It has been also shown that its essential oil showed antituberculotic
effect to Mycobacterium tuberculosis [8] and acylphloroglucinol, a compound from Myrtus
leaves, induces apoptosis in human fibroblasts [9].

Figure 1. Myrtus communis L.
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In our continuous searching of new plant molecules having biological properties, here
we report the results of our investigations carried out testing Myrtus leaf extracts on P3X
murine myeloma cells, a mammalian cell line that we currently use as a model for evaluations
of antiproliferative activity [10-12]. Myrtus leaf extracts were also tested on Bacillus cereus,
an environmental bacterium responsible of gastroenteric infections [13].

2. MATERIALS AND METHODS
2.1. Plant materials and extraction procedure

Leaves were collected from Myrtus communis (1753) plants grown at the Botanical
Garden of Tuscia University in Viterbo, Italy, and air dried for 90 days in the dark, until
constant weight. Dried leaves were powdered using a mortar and the powder was stored at
4°C until use.
Three aliquots of 1 g of powder were used respectively for extraction with ethanol (E),
with a 1:1 mixture of ethanol/chloroform (E/C) and with chloroform (C); solvents were
added to the dried powder using a 1:4 (w/v) ratio. After incubating for 50 minutes in the
dark at room temperature, samples were centrifuged at 14000 rpm (MIKRO 120,96
Hettich®,Tuttlingen, Germany) for 3 minutes and the pellet discarded; supernatants were then
evaporated by a nitrogen flow and the residuals, after weighting, resuspended in 10%
dimethyl sulfoxide (DMSO) in water to a concentration of 20 mg/ml; the obtained solutions
were filtered by using 0.22 μm sterile filters. A negative control consisting of a 10% DMSO
(cDMSO) solution in water was prepared in order to evaluate its possible toxic effects.

2.2. Cell cultures and cytotoxic activity

Cell line P3X63-Ag8.653 (P3X) was used as the model to test cytotoxic effects of
Myrtus communis (MC) extracts. P3X cells, a non-secretory myeloma with a lymphoblastoid
morphology, were cultured in Dulbecco's Modified Eagle's Medium (DMEM) complemented
with fetal calf serum (FCS) to 10% and 2 mM glutamine at 37±1°C.
Possible cytotoxic activity of the extracts was tested by MTT (3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide) assays [14] on 96 well cell plates; 2×104 murine
myeloma cells were plated in each well with 200 µl of culture medium containing the extract
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to a final concentration of 0.1 mg/ml or containing fractions and TLC spots (see below) to a
final concentration of 0.02 mg/ml. Some wells were added with medium containing cDMSO
as negative control. After 24 hours of incubation, plates were centrifuged at 1300 rpm for 5
minutes, the exhaust medium was discarded and replaced with 100 µl of fresh medium
supplemented with 0.5 mg/ml of MTT. After 3 hours and 30 minutes incubation in the dark,
100 µl of DMSO were added to each well and after 45 minutes, absorbance values were
measured at 595 nm by a plate reader (Tecan Sunrise™).

2.3. Bacterial cultures and antibacterial activity

In the present investigation we used Bacillus cereus as the cellular model for testing
possible antibacterial activity of M. communis leaf extracts. This strain is a member of the
genus Bacillus, motile, sporogenous, aerobic/facultative anaerobic and Gram-positive. In our
experiments, it was cultured on Plate Count Agar (PCA) at 30±1°C.
B. cereus was diluted to 0.15 OD, further diluted 1:100 and 100 µl of the solution
containing bacteria plated on Petri dishes containing PCA. Antibacterial activities were tested
using the standard agar disc diffusion method [15]. Five cotton disks (Blank Antimicrobial
Susceptibility Disks, Oxoid™), four soaked with 15 μl of extract (20 mg/ml) or with isolated
extract fractions (2 mg/ml) or with isolated extract spots (2 mg/ml), and in the center of plate
one disk soaked with 15 μl of cDMSO (negative control) were placed inside each plate. After
24 hours of incubation the zone of inhibitions (ZOI) around the disks were measured in
millimeters.

2.4. Thin Layer Chromatography

2.4.1. Identification of active fractions

Thin Layer Chromatography (TLC) analyses were performed to fractionate the MC
ethanol/chloroform extract. To 1,5 cm from the bottom border of a silica plate (20 cm x 20
cm, Adamant UV254, Macherey-Nagel GmbH & Co KG, Germany), 19 spots consisting of
5 µl of E/C (10 mg/ml) each one were loaded via Microliter 700 Series Syringes Hamilton
(80500, Supelco, USA) at a distance of 1,5 cm between them. A 1:1 ethanol:chloroform
solution (100 ml) was used as the mobile phase, chromatographic separation was stopped
when the liquid front was 4 cm to the sheet top (approx. 2,5 ours). The sheet was divided into
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3 fractions, denominated from the bottom F1, F2, F3. F1 was the most polar fraction and
F3 was the less polar (Fig. 2). Silica fractions were scraped from the sheet and for desorption
5 ml of DMSO were added to each gram of silica powder; after 120 minutes of shaking,
fractions were centrifuged at 14000 rpm for 5 minutes, silica powders were discarded and
liquid phases completely dried under nitrogen stream.
Obtained powders were resuspended in 10% aqueous DMSO to a final concentration
of 2 mg/ml. The samples were filtered using 0.22 μm sterile filters before assaying for
biological activity. Solutions were then stored at 4°C.

2.4.2. Investigation of F3 fraction content

The chemical components of the F3 Fraction were further separated by preparative
TLC techniques using the same conditions previously reported. At the end of the
chromatographic separation, silica plates were viewed under UV lamps 254/368 (Ultraviolet
Product Inc., USA) and some spots identified (Fig. 2). Selected spots were then processed as
previously described.

Figure 2. TLC pattern
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2.5. Statistical analysis

All data were analyzed by one way ANOVA (STATISTICA 10, StatSoft) and
significant differences between means at the 5% level were evaluated using the LSD Fisher
test.

3. RESULTS AND DISCUSSION
During time M. communis plant was widely used in traditional medicine [16] and the
aim of the present work is to contribute to enlarge the knowledge on compounds from the
leaves of such plant which have biological activity. In our experimental work we carried out
extraction processes using three different solvents in order to select compounds of different
polarity.
The MTT assays carried out after treatment with the extracts (0.1 mg/ml) obtained by
using different solvents, showed that cellular viabilities were around 50% and significantly
different to control and cDMSO. E, E/C and C extracts showed similar results (Fig. 3).

Figure 3. Percentage of P3X viability after 24 hours of treatment with the different extracts. Data
are reported as means ± SEM (n = 6). Significant differences are represented by different letters
(A-B= P<0.001)
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Table 1. Summary of ZOI. Data were represented as mean of ZOI ± SEM
Treatment

ZOI (mm) ± SEM

cDMSO

0

E

16.6 ± 0.18

E/C

17.5 ± 0.19

C

17.5 ± 0.29

F1

0

F2

0

F3

6.1 ± 0.35

S3

11.2 ± 0.25

S4

12.8 ± 0.31

S5

0

S6

0

Antibacterial effects of Myrtus leaf extracts on B. cereus and other bacterial strains
were already evaluated by Dulger and Gonuz [17]. They obtained the extract (200 mg/ml)
through Soxhlet apparatus and soaked each disk with 50 µl of extract, obtaining 20 mm of
ZOI.
In our work, we soaked disk with only 15 µl of each extract to 20 mg/ml of
concentration and all the extracts showed antibacterial effects on B. cereus almost comparable
with Dulger and Gonuz ZOI. E extract showed ZOI of 16.6 mm and both the others, E/C and
C, showed a halo of 17.5 mm (Tab. 1, Fig. 6). Our results were in contrast with Irshad et al.
[18] since they asserted that generally an ethanol extract has higher antibacterial properties
than a chloroform extract; however, it should be noted that they assayed E and C extracts on
bacterial strains such as Lactobacillus subtilis, Bacillus thuringiensis, Corynebacterium,
Escherichia coli and not on B. cereus.
Considering that E/C and C extracts against B. cereus, showed the same biological
activities but higher than E, E/C extract was investigated by TLC procedures. The activity of
each fraction was assayed on P3X cells at the concentrations of 0.02 mg/ml and on bacterial
cells of 2 mg/ml, respectively.
MTT assays carried out on P3X cells using F1, F2 and F3 fractions, showed that
cytotoxic activity was present in F3 with a percentage of living cells of about 60% (Fig. 4);
for bacterial testing, 15 µl of each fraction were assayed and a ZOI of 6.1 mm was detected in
F3 fraction (Fig. 7).
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Once F3 was identified as the biologically active fraction against our cell models,
another TLC was run in order to identify the spots consisting the positive fraction and after
observing the sheet through UV light, four spots were identified (Fig. 2).
The identified single spots (S3, S4, S5 and S6) were assayed on P3X and bacterial
cells at the concentration of 0.02 mg/ml and 2 mg/ml respectively. After 24 hours of
treatment, different levels of damage were showed by the identified single spots. On P3X
cells, S3 did not show any cytotoxic effect while S4 only a weak activity (84% of living
cells); S5 and S6 showed more prominent cytotoxic effects, both with 50% of living cells
(Fig. 5); on the other hand, S3 and S4 showed ZOI of 11.2 mm and 12.8 mm respectively on
B. cereus (Tab. 1, Fig. 8) whereas no antibacterial activity was revealed in spot S5 and S6.
The negative control cDMSO did not show any biological effect on both P3X cells and
bacterial strain B. cereus.
The obtained results allowed to suppose that activities against P3X and B. cereus
could be related to different molecules or molecule groups consisting the F3 fraction.

Figure 4. Percentage of P3X viability after 24 hours of treatment with the different fractions. Data
are reported as means ± SEM (n = 6). Significant differences are represented by different letters
(A-B= P<0.001)
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In

terms

of

chemical

composition,

myrtucommulone,

a

nonprenylated

acylphloroglucinol, is contained in M. communis leaves [19-21], and several compounds were
identified as belonging to myrtucommulones [22].
Some biological activities against cancer cell lines, as inductor of apoptosis were
associated to myrtucommulone [9] and, in particular, Izgi and coworkers [23] showed that
myrtucommulone isomer A is responsible of apoptosis induction.
Alipour et al. [24] in its review attributed the strong antibacterial activities to
monoterpenes such as α-pinene, limonene, eucalyptol, linalool and terpineol, present in high
quantity in M. communis leaves. Appendino et al. [25] investigated antibacterial activity of a
polar glycosidic fraction of M. communis leaves and attributed antibacterial action to
gallo-myrtucommulone. It would be interesting to evaluate if the biological activities we
reported here are related to myrtocommulone and in this view further investigations are
running in our laboratory.

Figure 5. Percentage of P3X viability after 24 hours of treatment with the different spots. Data
are reported as means ± SEM (n = 6). Significant differences are represented by different letters
(a-b = P < 0.05; A-B= P<0.001)
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Figure 6. ZOI (mm) measured after 24 hours of treatment with the different extracts. Data are reported
as means ± SEM (n = 6). Significant differences are represented by different letters (A-C = P < 0.001)

Figure 7. ZOI (mm) measured after 24 hours of treatment with the different fractions. Data
are reported as means ± SEM (n = 6). Significant differences are represented by different letters
(A – B = P < 0.001)
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Figure 8. ZOI (mm) measured after 24 hours of treatment with the different spots. Data are
reported as means ± SEM (n = 6). Significant differences are represented by different letters
(A – C = P < 0.001)

4. CONCLUSIONS
All leaf extracts showed cytotoxic activity to P3X cells and showed also antibacterial
activity against B. cereus. TLC F3 fraction contained 4 active spots: S5 and S6 resulted active
against P3X murine myeloma cells and S3 and S4 on Bacillus cereus bacterial strain.
Further biological and chemical investigations are needed to identify and characterize
the molecules responsible for both antiproliferative and antibacterial activities.
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