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ABSTRACT
Six Echinacea phenolic compounds, caffeic acid, chlorogenic acid, caftaric acid,
echinacoside, cynarin, and cichoric acid, two synthesized Echinacea alkamides, alkamide 2
and alkamide 10, five Hypericum flavonoids, rutin, hyperoside, isoquercitrin, quercitrin, and
quercetin, were available to determine their extinction coefficients using the
spectrophotometer. The Soxhlet extraction protocol was proved to be more efficient than the
shaking extraction protocol to make both Echinacea and HypericuYn extracts. The E.
purpurea extracts made by same amount and same source of E. purpu~ea roots showed that
the Soxhlet extract contained more phenolic compounds and alkamides than the Shaking
extract. Two HPLC analyses, Echinacea phenolic gradient and alkamide gradient, were
developed to quantify and qualify the Echinacea extracts. Hypericum flavonoid and
hypericin HPLC gradients were established to quantitatively determine the flavonoids and
pseudohypericin and hypericin in the HypeYicum extracts. Three fractions of Hypericum
extracts, flavonoids fraction, pseudohypericin fraction, and hypericin fraction were provided
for cytotoxicity testing. The degradation of several major alkamides in E. purpurea extracts
were monitored in four different storage conditions, phenolic-poor and phenolic-rich dry E.
pu~pu~-ea extracts, and phenolic-poor and phenolic-rich DMS ~ E. purpurea extracts at three
high accelerated temperatures (70, 80, and 90 °C). The degradation of alkamides followed
the first order reaction kinetics. The phenolic acids acted as antioxidant for the oxidation of
the alkamides in dry E. purpuYea extracts, while the phenolic acids took the opposite function
for the oxidation of alkamides in DMSO E. puYpu~ea extracts. The predominant alkamides
in dry and DMS~ E. purpurea extracts followed this degradation order: alkamide 1,

v1

alkamide 2, alkamide 6, alkamide 8 and alkamide 9 > alkamide 3, alkamide 5 and alkamide
7. The energy activation of all alkamide degradation was about 100 kJ/mal in dry either
phenolic-rich and phenolic-poor E. pu~purea extracts, while about 60 kJ/mol energy
activation was for all alkamides in phenolic-rich DMSO E. purpurea extracts. The
prediction of the degradation rate constants and half-lives for the alkamides were calculated
by Arrhenius equation. The predicted half-life Of the most stable alkamide (alkamide 6) in
dry E. purpu~ea extract was over? years. The predominant alkamides were proven to be very
stable in E. purpurea extracts during the storage at room temperature or lower temperatures.
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CHAPTERI
GENARALINTRODUCTION

1.1. Introduction
The uses of the botanical dietary supplements have been rapidly rising over the Iasi
10 years. More than 60 million Americans are now using herbal or other supplements and
the expenditure on the botanical dietary supplements alone are over $~00 million every year
(Krochmal et al., 2004). Echinacea species and I~ypericum perforatum are both of the most
popular herbal supplements that people widely use in their daily lives. Echinacea is usually
utilized to relieve upper respiratory infections Iike colds, flu, and bronchitis (Bauer and
Wagner, 1991; He et al., 1998), while ~I. pe~o~atum is considered to treat mild depression
and have antibacterial and antifungal properties (Piperopoulos et a1., 1997; Brolis et al.,
1998). However, Turner et al. (2005) reported that Echinacea was not effective in treating or
preventing the common cold when 399 healthy volunteers were orally administrated either
the extracts from E. angustifolia root or placebo before or after inoculation with rhinovirus.
The medical use of herbal products has increased in the United States. One survey on
the use of complementary and alternative medicine in the United States showed that
approximately 12 % of the population used herbal medications in 1997, representing a 3.8
times higher use than 1990 (Ang-Lee et al., 2001). From the secondary analysis of the
complementary and alternative medicine supplement to the 2002 National Health Interview
Survey conducted by the National Center for Health Statistics, an estimated about 38.2
million adults, about 18.9~o of adults, in the United States used herbs and supplements in
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2002. This survey also showed approximately 38.4% of adults who used herbal medications
took Echinacea and 11.5% of them had ~ypeYicum in 2002 (Kennedy et al., 2005}.
In 2001, the National Institute of Environmental Health Sciences (N [ N:HS) and the
Office of Dietary Supplements (ODS) funded the Iowa State University Botanicals
Supplement Research Center (Botanicals Center) to do an exhaustive study and research on
two popular herbs Echinacea, commonly known as purple coneflower and ~Iype~icum
peYforatum, commonly known as Saint John's wort. These dietary supplements are widely
used in the United States as well as in other developed countries. The Botanicals Center is
tasked to test the efficacy and toxicity of these herbs. The center was divided into several
Projects and Cores, namely Projects 1, 2, 3 and 4 and Cores A and B; each responsible for a
specific task. Project 2 which is involved in the chemistry of these plant species further
included several laboratories. The main objectives assigned to Dr. Murphy's lab, which I am
part of, are the extraction and purification of these two herbs and the analysis of known
constituents using high performance liquid chromatography (HPLC). The Echinacea and
Hypericum extracts made by our lab were usually provided to Project 3, part of Iowa
Botanical Center which determined the bioactivity of Echinacea species and Hypericum
perforatum, for biological testing. My master's research was on extraction, analysis,
fractionation of the constituents of three species of Echinacea, namely E. angustifolia, ~.
puYpur~ea, and E. pallida, and of I~ype~icum pe~fo~-atum, and stability of the predominant
alkamides in E. purpuYea extract.

1.2. Thesis Organization

3
This thesis consists of five chapters including this introduction chapter. The background
information on both Echinacea and HypeYicum is in chapter 2. Chapter 3 describes the
experimental protocols that were used in performing this study. The results and discussion of
the extraction, HPLC analyses and alkamides stability studies are in chapter 4. Finally, the
general conclusion of this study and the recommendation of future studies are discussed in
chapter 5,
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CHAPTER 2
LITERATURE REVIEW

2.1. Echinacea Species
Echinacea preparations are one of the best selling medicinal herbal medicines in both
Europe and North America (Bauer, 1998). In 1997, the total selling of Echinacea products
occupied 12% of herbal supplement sales in U.S. (Hall and Schwartz, 2002). A recent
survey conducted by the National Center for Health Statistics showed Echinacea was the
most common herb taken by the adults in the United States in 2002 (Kennedy et a1., 2005).
Echinacea is the member of Compositae family. Echinacea purpurea is commonly
known as purple coneflower. Echinacea species are native to North America and grow
naturally from eastern to western U.S. and southern Canada. E. purpurea and E. angustifolia
occupied 80% and 20°Io of cultivated Echinacea in the western U.S. and Canada (Hall and
Schwartz, 2002). Native Americans have used Echinacea for centuries to cure of the
infected wounds, snake bites, insect stings, headache and common colds (Bauer and Wagner,
1991). Currently, Echinacea products have been suggested to have immunostimulatory
activity (Bauer, 2000). Echinacea took it effects primarily through the stimulation of the
unspecific immune system (Bauer and Wagner, 1991). Several clinical studies showed that
the expressed juice from aerial parts of E. purpurea can treat the relapsing infections of
respiratory and urinary tracts. The aqueous alcoholic extracts of E. angustifolia and E.
pallida roots are reported treat the common cold and flu (Bauer, 1998; Melchart and Linde,
1998). However, the study conducted by Turner et al. (2005) showed that Echinacea was not
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effective in treating or preventing the common cold when 399 healthy volunteers were orally
administrated either the extracts from E. angusti~folic root or placebo before or after
inoculation with rhinovirus.
There are nine known species of Echinacea, E. purpurea, E. angusti~folic, E. pallida,
E. laevigata, E. tennesseensis, E. atrorubens, E. sanguinea, E. simulata, and E. paradox.

However, only three of them, E. purpurea, E. angustifolia, and E. pallida, are widely
commercially cultivated as Echinacea medicinal species (Hall and Schwartz, 2002).
The fresh or dried roots of three Echinacea species are used medicinally and the fresh
or dried aerial top of E. purpurea are also used for medicinal properties (Barnes et al., 2005).

2.1.1. Echinacea Phytochemicals
Echinacea contains a number of unique chemical constituents that may be responsible
for their medicinal activities. The caffeic acid derivatives, mainly of cichoric acid,
alkamides, glycoproteins and polysaccharides may contribute to the immunostimulatory
activity of Echinacea species (Bauer and Wagner, 1991). The medical properties of
Echinacea were the combined and synergistic actions of their different constituents. A
number of factors, including the Echinacea species, growing season, the parts of Echinacea
plant used for the preparation, and harvest methods, may lead to the variation of
concentration of its components in Echinacea products (Bauer, 2000}.
2.1.1.1. Phenolic Compounds
This class of compounds is hydrophilic, consisting of the polar parts from the ethanol
Echinacea extracts. The caffeic acid. derivatives (Figure 2.1) are the major components of
the phenolic fraction of Echinacea, with a smaller percentage of flavonoids, phenolic acids,
and anthocyanins (Hall and Schwarz, 2002). Cheminat et aI. (1988) classified the caffeic

acid derivatives into three categories, quinyl esters of caffeic acid including chlorogenic acid
and cynarin, tartaric acid derivatives including cichoric acid and caftaric acid, and
phenylpropanoid glycosides including echinacoside and verbascoside. The presence of
caffeic acid derivatives in E. purpurea, E. angustifalia, and E. pallida was detected by Pietta
et al. (1998) using micellar electrokinetic chromatography (MEKC). cichoric acid is a very
important caffeic acid derivative, which is considered to be responsible for increasing the
immunostimulatory activities. cichoric acid exhibited phagostimulatory activity in vitro
(Bauer et al., 1989c). Other caffeic acid derivatives, such as echinacoside and chlorogenic
acid, may contribute to their antioxidant effect in the Echinacea extracts (Hall and Schwarz,
2002).
Figure 2.1 Chemical structures of phenolic constituents of Echinacea (Binns et al., 2002)
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Cichoric acid is the predominant caffeic acid derivatives in the roots and aerial parts
of E. purpu~ea. Bauer et aI. (1988c) reported the level of cichoric acid in the aerial parts at
12-31 mg/g, and in the root at 6-21 mg/g. Wills and Stuart (1999) showed the average level
of cichoric acid in Australian E. puYpurea was 13.2 mg/g of roots and 12.9 mg/g of aerial
parts, respectively. E. purpurea flowers usually contain the highest amount of cichoric acid,
followed by roots, leaf and stems. Cheminat et al. (1988) reported that in ~. pallicla, the
major caffeic acid derivatives is cichoric acid in the leaves and flowers, with high
concentrations of echinacoside in the roots.
The different phenolic compounds in the roots of these three species of Echinacea
can be used to distinguish them. The concentration of phenolic constituents in different
Echinacea species is indicated in Table 2.1 to 2.3.
Table 2.1 Phenolic compound concentrations in medicinal Echinacea species (Hu and Kitts,
2000)
mgl~ of dry plant
Chlorogenic acid
Caffeic acid
Echinacoside
0.35
10
0.3
E. a,ngustifolia, roots
NA
NAa
NA
E. put-purea, roots
NA
NA
25
E. pallida, roots
a not: detectable or lower than 0.1 mg/g of dried plant material

Cichoric acid
0.4
4.9
1.05

Table 2.2 Phenolic compound concentrations in medicinal Echinacea species (Perry et al.,
2001)
1
2
4
Harvest time
3
8.2~
< 0.1
< 0.1
Jan, 15 months old
< 0.1
< 0.1
< 0.1
< 0.1
April, 18 months old
1.8
< 0.1
< 0.1
< 0.1
Jan, I S months old
4.1
< 0.1
< 0.1
< 0.1
April, 18 months old
3.5
May, 18-21 months
< 0.1
1.2
10.4
1.5
old
August, 12 months
0.4
< 0.1
3.4
0.3
old
roots
a Me-an mg/g of dried plant material
b Several peaks overlapped around the retention time of cichoric acid
Compound: 1. caftaric acid; 2. chlorogenic acid; 3. cynarin; 4. echinacoside; 5. cichoric acid.

E. p~urpurea,
top
E. purpurea,
roots
E. angustifolia,
roots
E. pallida,

5
20.2
5.2
22.7
16.8
0.9
~~'
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Table 2.3 Phenolic compound concentrations in medicinal Echinacea species (Binns et al.,
2002)
mg/g of dry plant
1
2
3
4
0.00
0.00
2.39
0.09
E. purpurea, roots, <_ 1 year germling
0.26
0.16
5.00
b.87
E. angustifolia, roots, ~ 1 year germling
0.12
0.08
0.00
1.78
E. pallida, roots, _< 1 year germling
0.00
1.92
0.07
0.10
E. purpurea, roots, wild harvest
0.04
0.06
0.42
2.03
E. angustifolia, roots, wild harvest
0.00
0.14
0.00
1.13
E. pallida, roots, wild harvest
Compound: 1. caftaric acid; 2. chlorogenic acid; 3. cynarin; 4. echinacoside; 5. cichoric acid.
Echinacea species

5
8.06
0.63

a.s0

5.88
0.61
1.19

Different concentrations of the caffeic acid derivatives were determined by these
researchers. The different source of their Echinacea plants, extraction methods, and
analytical methods may lead to the different concentrations of the caffeic acid derivatives.
However, the same common pattern can be observed. The predominant phenolic compound
in E. purpurea is cichoric acid, but echinacoside is absent in E. purpurea. This fact can be
used as qualitative marker to differentiate E. purpurea from E. angustifolia and E. pallida.
Echinacoside is the characteristic phenolic compounds in the roots of E. angustifolia and E.
pallida. Cynarin is only present in E. angustifolia and it is absent in other two Echinacea
species, which can distinguish E. angustifolia from E. pallida and E. purpurea.
2.1.1.2. Lipophilic Compounds
The lipophilic compounds of Echinacea consist mainly of the essential oils,
alkamides and/or ketoalkenyns (Bauer, 1998). The lipophilic constituents are very different
for the root of E. pallida compared to the roots of E. purpurea and E. angustifolia.
Alkamides are the major lipophilic compounds in E. purpurea and E. angustifolia, while
ketoalkenyns was found in E. pallida (Bauer, 1998). In E. pallida roots, ketoalkenes and
ketoalkynes with a carbonyl group in 2-position were identified by Bauer et al. (1988b).
These kinds of lipophilic compounds are at low concentration in the roots of E. purpurea and
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E. angustifolia. Therefore, ketoalkenyns can be the marker for the identification of E. pallida
roots from other two Echinacea species.
Alkamides (Figure 2.2) are a distinct class of natural products, containing an aliphatic
acid (mostly unsatured) residue linked with different amine moieties (He et al., 1998).
Alkamides may improve the immune system as well as has anti-inflammatory activity
(Muller-Jakic et al., 1994). Wills and Stuart (1999) reported the average total alkamides
levels of 8.9, 2.6, 0.1, and 0.8 mg/g in dry E. purpurea root, flower, leaf, and stem,
respectively. The E. purpurea alkamides levels of 0.24 mg/g in dry root and 19.0 mg/g in
dry vegetative stem were reported by Perry et al. in 1997 (Table 2.4). Rogers et a1. (1998)
reported the average alkamides level in E. angustifolia roots grown in U.S. and Australia
were 1.2 and 0.59 mg/g, respectively.
Table 2.4 Average alkamides and cichoric acid content in dry E. purpurea plant parts
Compound

Plant Part (m g)

Source

New Zealand1
Australia2
Gemany~
cichoric
acid
Australia2
Perry et al., 1997
2
Wills and Stuart, 1999
3 Bauer et al., 1988,1989,1990
Alkamides

Root

Rhizome

Flower

Leaf

6.2
8.9
6-21
10-24

8.0
—
—
—

2.9
2.6
13-30
30-38

0.24
0.10
4-16
4-15

Vegetative
Stem
19.0
-

Productive
Stem
1.52
0.75
2-6
4- I 1

Bauer and Remiger (1989b) reported the alkamides in E. purpurea contained a 2, 4dienoic moiety, while the 2-monoene monene moiety was more common in E. angustifolia.
This different type of isobutylamide can distinguish E. purpurea from E. angustifolia. The
lipophilic constituents of E. pallida were lack of an isobutylamide moiety.
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Figure 2.2 Chemical structures of alkamides of genus Echinacea, the number of alkamide
follows Bauer's alkamides number name system (Bauer and Remiger,1989b).

1 undeca-2E, 4Z-diene-8, 10-diynoic acid isobutylamide

2 undeca-2~ 4E-diene-8, 10-diynoic acid isobutylamide

3 dodeca-2E, 4Z-diene-8, 10-diynoic acid isobutylamide

4 undeca-2Z, 4E-diene-8, 10-diynoic acid 2-methylbutylamide

5 dodeca-2E, 4E, l0E-trien-8-ynoic acid isobutylamide

6 trideca-2E, 7Z-diene-10, 12-diynoic acid isobutylamide

? dodeca-2E, 4E-diene-8, 10-diynoic acid 2-methylbutylamide

8 dodeca-2E, 4E, 8Z, l0E-tetraenoic acid isobutylamide

9 dodeca-2E, 4E, 8Z, lOZ-tetraenoic acid isobutylamide

Id dodeca-2E, 4E, 8Z-trienoic acid isobutylamide

11 dodeca-2E, 4E-dienoic acid isobutylamide

12 undeca-2E-ene-8, 10-diynoic acid isobutylamide

O
N
H

~CH3
CH3

13 undeca-2Z-ene-8, 10-diynoic acid isobutylamide

14 dodeca-2E-ene-S, 10-diynoic acid isobutylamide

15 dodeca-2E, 4Z, lOZ-triene-8-ynoic acid isobutylamide

16 undeca-ZZ-ene-8, IO-diynoic acid 2-methylbutylamide

17 dodeca-2E-ene-8, 10-diynoic acid 2-methylbutylamide

18 pentadeca-2E, 9Z-diene-12, 14-diynoic acid isobutylamide
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Figure 2.2 Continued

19 hexadeca-2E, 9Z-diene-12, 14-diynoic acid isobutylamide

2Q 8-hydroxytetradeca-9E-ene-11, 13-diyn-2-one

0
—

—

21 8-hydroxypentadeca-9E-ene-11, 13-diyn-2-one

22 tetradeca-8Z-ene-11, 13-diyn-2-one

23 pentadeca-8Z-ene-I 1, 13-diyn-2-one

24 pentadeca-8Z, 13Z-diene-11-yn-2-one

25a pentadeca-8Z, 11Z, 13E-trien-2-one

25b pentadeca-8Z, 11E, 13Z-trien-2-one

c~

Fifteen alkamides were identified in E. angustifolia roots (Bauer et al., 1989a) and 11
alkamides were found in E. purpurea mats (Bauer et al., 1988a). In E. purpurea roots, the
combination of dodec-2E, 4E, 8Z, l0E-tetraenoic acid isobutylamide(alkamide 8) and dodecZE, 4E, 8Z, l0E-tetraenoic acid isobutylamide(alkamide 9}, undeca-2Z, 4E-diene-8, 10diynoic acid isobutylamide (alkamide 2), and dodeca-2E, 4Z-diene-8, 10-diynoic acid
isobutylamide (alkamide 1} account for 45%, 18%, and 15% of total alkamides (Hall and
Schwarz, 2002). In E. purpurea aerial parts, dodec-2E, 4E, 8Z, l0E-tetraenoic acid
isobutylamide (alkamide 8) and dodec-2E, 4E, 8Z, lOZ-tetraenoic acid isobutylamide
(alkamide 9} accounts for 76% of alkamide (Bauer and Remiger, 1989b).
The essential oils are the other lipophilic constituents, and they may act as
antioxidants. E. pallida roots contained the highest essential oil (0.7%), whereas E.
angustifolia and E. purpurea roots contained traces of oil (<0.1%). About 65% of E. pallida
root was 8(Z)-pentadecen-Z--one. The major oil component was dodeca-2(E}, 4(~-dien-l-yl
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isovalerate in E. angustifolia and E. purpurea root oil, and germacrene D was also present in
E. purpurea root ail (Heinzer et al., 1988}.
2.1.1.3. Glycoproteins and Polysaccharides
Glycoproteins and polysaccharides are highly polar constituents in Echinacea species.
Beuscher et al. (1987) identified three glycoproteins, with molecular weights (MW) of 17,
21, and 30 kDa, from the roots of E. angustifolia and E. purpurea.
Arabinose, galactose and glucosamines were 64-84%, 1.9-5.3%, and 6%,
respectively, accounting for the sugar part. The protein moiety consists of aspartic acid,
glycine, glutamic acid and alanine. Wagner and Proksch (1987) isolated two polysaccharides
called PS I and PS II from the aqueous extracts of the aerial parts of E. purpurea with
immune-enhancing activity. The further analysis was done by Wagner and Proksch (1987) to
reveal that PS I was a 4-O-methyl-glucuranaarabinoxylan with an average MW of 35 kDa,
while PS II was an acidic arabinorhamnogalactan of MW 45 kDa. Few analytical methods
have been developed to analyze glycoproteins and polysaccharides.

2.1.2. Extraction and Isolation
Bauer et al. (1988a, 1989a) pioneered extraction studies for different Echinacea
species. In the 1988 report, they extracted the roots of different Echinacea species with
different polarity solvents, methanol, chlorafo~l~l and n-hexane, using Soxhlet apparatus for
extraction periods from 1 h to 3 days. The residue was evaporated to dryness and the residue
dissolved in methanol or ethanol for HPLC analyses.
Bauer et al. (1988a) isolated 13 alkamides from E. angustifolia extract. They
extracted 290 g of air-dried and ground E. angustifolia roots with n-hexane for 3 days in
Soxhlet and obtained a yellow gum. They fractionated this yellow gum by applying
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ethylacetate-hexane (1:5) as eluents onto a silica gel column (30 x 4 cm, silica gel, particle
size < 0.063 mm). Then the extract was purified by semipreparative HPLC using a
LiChrosorb RP-18, 7 ~,m, 250 x 10 mm column with appropriate acetontrile-H2Q mixtures as
eluents and gradient changing from 40% to 80%. The fractionation resulted in 3 mg of
undeca-2E, 4Z-Bien-8, 10-diynoic acid isobutylamide (alkamide 1}, 4 mg of undeca-2Z, 4Edien-8, 10-diynoic acid isobutylamide (alkamide 2), 2 mg of dodeca-2E, 4Z-dien-8, 10diynoic acid isobutylamide (alkamide 3), 2 mg of trideca-2E, 7Z-dien-10, 12-diynoic acid
isobutylamide (alkamide 6), 30 mg of dodeca-2E, 4E-dienoic acid isobutylamide (alkamide
11), 9 mg of undeca-2E-en-8, 10-diynoic acid isobutylamide (alkamide 12), 30 mg of
undeca-2Z-en-B, 10-diynoic acid isobutylamide (alkamide 13), 7 mg of dodeca-2E-en-8, 10diynoic acid isobutylamide (alkamide 14), 4 mg of dodeca-2E, 4Z, lOZ-trien-8-ynoic acid
isobutylamide (alkamide 15), 2 mg of undeca-2Z-en-B, 10-diynoic acid 2-methylbutylamide
(alkamide 16), 2 mg of dodeca-2E-en-8, 10-diynoic acid 2-methylbutylamide (alkamide 17},
4 mg of pentadeca-2E, 9Z-dien-12, 14-diynoic acid isobutylamide (alkamide 18), and 2 mg
of hexadeca-2E, 9Z-dien-12, 14-diynoic acid isobutylamide (alkamide 19}. The structure of
alI alkamides were determined by ultraviolet (UV), infrared (IR), nuclear magnetic resonance
(NMR} and mass spectroscopy.
He et al. (1998) prepared their Echinacea extracts by using 1.0 g of dry powdered
roots of different Echinacea species refluxed with 20.0 mL of chloroform for 2 h. The
extract solution was filtered and then dried in vacuum. The residue was dissolved into 5.0
mL of methanol. A 5 ~l aliquot of this solution was ready for HPLC analysis after being
filtered through a 0.45 ~,m nylon Acrodisk 13-mm filter. They also isolated 98% purified
dodeca-2E, 4E, 8E, l0E-tetraenoic acid isobutylamide (alkamide 8) and dodeca-2E, 4E, 8E,
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lOZ-tetraenoic acid isobutylamide (alkamide 9) by extracting 2 kg of the ground roots of E.
purpurea with n-hexane. The hexane extract was partitioned between hexane and methanolwater (9:1, v/v). Twelve gram of residue from hexane layer was separated by silica geI 60
column chromatography (>230 mesh, Merck) with hexane-ethylacetate (2:1, v/v}. Each 100
mL fraction was evaluated by thin layer chromatography (TLC, silica gel 60 F254, on
aluminum sheet plate, Merck) using hexane- ethylacetate (2:1, v/v) as developing solvent.
UV-active fractions primarily contained alkamides with molecular mass 247 determined by
electrospray mass spectrometry. This fraction can be further purified by two different ways:
1) elution of methanol-water (7:3, v/v} was applied into preparative TLC (RP-18, F254, 20 x
20 cm, 0.15 mm thickness); 2) preparative HPLC (Rainin Dynamax Microsorb C~ g, 250 x
21.4 mm) was utilized with elution of acetonitrile-water (6:4, v/v) at 16 mL/min of flow rate
under 254 nm of detection. Finally, 300 mg of the needle-shaped crystals which were a
mixture of alkamide $and 9 was provided by recrystallization from hexane.
Three extraction methods, maceration with three different solvents, Soxhlet
extraction, and supercritical fluid extraction, were developed by Lienert et al. in 1998. They
added 1-eicosene and nonadecanoic acid ethyl ester into the ground roots of Echinacea
species as the internal standards. The maceration procedure was that about 1.0 g of ground
Echinacea roots was extracted with 5 mL of methanol, hexane, or l:l mixture of
dichloromethane: pentane at room temperature for 24 hours. The Soxhlet extraction method
extracted about 1.0 g of ~chinacea ground roots with 50 mL of methanol for 2 hours in
Soxhlet apparatus. The supercritical fluid extraction procedure involved about 1.0 g of
~chinacea ground roots was extracted by supercritical carbon dioxide as extraction fluid
using a Hewlett Packet (Palo Alto, CA, USA) HP 7680 A supercritical fluid extraction
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apparatus. The extraction process was as following: The sample cell was heated to ~a °C,
then pressurized the extraction cell to 15.05 MPa, and held for 30 min. After this static
extraction, a dynamic extraction was applied with a flow of 1 mL/min for 30 min. The
extracts were trapped in -30 °C of octadecylsilica trap. After the whole extraction, the trap
was warmed down to the room temperature and the extracts were eluted by 1.0 mL of
methanol 3 times. All of the Echinacea extracts were analyzed by their GC-MS method. Na
differences in their GC-patterns and only a small variation of the extraction yield, which
Soxhlet extraction method had a tendency to give highest yield, were found by these three
extraction methods, i.e. Soxhlet extraction, supercritical fluid extraction and maceration with
three different solvents.
Kim et al. (2000a) modified the extraction method of Perry et al. {1997) for alkamides
from the Echinacea plants. About 1.0 g of ground plant was mixed with 10 mL of
acetonitrile containing 1.0 mg of N-phenylpentamide (internal standard), and then using
Ultraturrax for 2 min to mix them evenly. The sample then was treated by three different
ways: (1) centrifuged at 500 g for 10 min; (2) incubated at room temperature for 1.5 h; (3) at

4-6 °C for overnight. The same amount of alkamides was obtained by these three methods.
A Supelclean LC-18 extraction column (Supelco, 1 mL bed volume) was used for further
fractionation of the Echinacea extract. The column was pre-washed with 3 mL of 90%
acetonitrile in water, and 1 mL of supernatant of the extract was passed through the column.
The alkamides were retained in the column, and they were washed off with 2 mL of 90%
acetonitrile. The alkamide fraction was collected for HPLC analysis. In the same year, Kira
et al. also modified the extraction method of Bauer and Foster (1991) to obtain the caffeic

acid derivatives from Echinacea samples. About 1 g of Echinacea samples was extracted

16
with methanol (50 mL) for 5 h using Goldfish extraction apparatus. The methanol was
removed by a roto-evaporator at 40 °C, and the dry residues were re-dissolved into the
methanol. Kim et al. (2000b) employed the Supelclean LC-18 extraction column (Supelco, 1
mL bed volume) for further isolation of the caffeic acid derivatives. The column was preconditioned in sequence with 2 mL of methanol, 2 mL of water, and 2 mL of methanol. One
mL of methanol Echinacea extract was loaded onto the column, and the unbound caffeic acid
derivatives filtrates were saved. The column was then washed with another 1 mL of
methanol, and the eluates were saved. The combination of filtrates and eluates were the
fraction of caffeic acid derivatives.
Perry et al. (2001) isolated cichoric acid from E. purpu~ea and cynarin from E.
angustifolia. A hundred gram of E. purpuYea or 200 g of E. angustifolia were first extracted
with 1 L of chloroform for 3 hours, followed by 1 L of methanol for 24 hours using Soxhlet
apparatus. The methanol extract was evaporated in vacuum to obtain 10 g of yellow gum
from E. purpurea and 25 g of yellow gum from E. angustifolia. For isolation of cichoric acid,
the yellow gum of a methanol E. pu~purea extract was dissolved in 50 mL of water
containing 0.5 mL of formic acid, and then extracted with 300 mL of ethyl acetate 3 times to
obtain 2 g of gum after evaporation of the ethyl acetate. A semipreparative reversed phase
HPLC column (Merck LichroCart C18, 10 x 250 mm) was utilized with the mobile phase of
water: acetonitrile: formic acid (7:3:0.1), and a flow rate was 4 mL/min. cichoric acid was
collected from 5.95 to 7.65 min. Final purification was by recrystallization with water to
obtain 500 mg of cichoric acid as off-white crystals. For isolation of cynarin, the lipophilic
compounds of E. angustifolia extract were removed by filtering through a reversed phase CAS
material (Sigma} with water. Preparative reversed phase HPLC column (Merck LichroCart

17
Cog, 10 x 250 m.m} was then used by two mobile phases, solvent A (water with 0.1%formic
acid) and solvent B (acetonitrile) with a gradient: 0-30 min, 10-25% B; 30-35 min, 25-50% B;
35-40, 50-10% B. The flow rate was 5 mL/min and the detection wavelength was at 330 nm.
The 95% pure cynarin was collected at about 15.6 min.
Two extraction methods, ultrasonic extraction and solvent-assisted microwave
extraction, were developed by Poponio et al. (2002). For ultrasonic extraction, 1.0 g of dried
Echinacea root powder was extracted three times in an ultrasonic bath with 70% methanol
for 5 minutes at room temperature. For microwave extraction, 1.0 g of ~. puYpu~ea roots
were mixed with 20 mL of 70% methanol and extracted by asolvent-assisted microwave
extraction technique (Cem-Smart Microwave Extractor, USA) in closed vessels, and the
operating conditions as follows: temperature was increased from 50 to 100 °C within 5 min
and then kept at 100 °C for 5 min, and during the whole procedure, the samples were treated
with pulsed microwave. The extracts obtained from these two extraction methods were
passed through 0.20 ~,m filter and the filtrate was diluted to 25 mL with 70% methanol to a
final concentration of 0.04 groots/mL.
Four hundred milligram of different ~chinacea species was extracted first on an
ultrasonic bath for 30 min followed by 120 min on a blood turner with 10 mL of the
extraction solvent (70% methanol} by Molgaard et aI. in 2003. Naringenin was added into
Echinacea sample prior to the extraction as the internal standard. A preparative HPLC
column (Supelco Discovery C18, 5 ~,m, 250 x 20.1 i.d.) was utilized to purify cichoric acid
from dried fresh plant press juice (Paninkret, Sonnenberg, Westerhorn, Germany). About
98% pure cichoric acid was determined by HPLC and confirmed by NMR. Alkamide 2 and
alkamide 8/9 were purified from a concentrated alkamide mixture on a semiquantitative
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Knaur Vertex column (Nucleosil 100, CIg, 5 gym, 250 x 16 i.d.) and the purity was
determined as 95% by HPLC.
Luo et al. (2003} extracted 1 g of E. p~rpurea root in ultrasonic bath twice with 10
mL of the mixture of methanol / 0.1%phosphoric acid (70:30, v/v} for 20 min. After
centrifugation, 2 mL of extract was filtered through a 0.45 ~m PT~'~ filter into an HPLC vial
for further HPLC analysis. Purified standards of cichoric acid and alkamides 8/9 were made
by them. One gram of E. pu~-purea extract was treated ultrasonically in 10 mL of 0.1%
formic acid aqueous solution. After centrifugation, the supernatant was partitioned with 30
mL of ethyl acetate three times and a gum obtained by evaporating the solvent. The gum was
dissolved in acetonitrile: 0.1%formic acid (85:15), which was also the mobile phase solvent
in the following semipreparative HPLC separation. A semipreparative Nova-Pak HR C1 g
column of 300 x 7.8 mm was subsequently used with the mobile phase solvent at 4 mL/min
to separate cichoric acid. Ninety eight percent pure cichoric acid as off-white crystals was
obtained after the final purification by recrystallization from water. To isolate alkamides 8/9,
the ~. purpurea extracts were loaded into a semipreparative Nova-Pak HR C1s column of 300
x 7.8 mm. The mobile phase was acetonitrile-water (1:1} at the flow rate of 4 mL/min with
254 nm detection wavelength. The alkamide collection was recrystallized in hexane as a
mixture of alkamides 8/9.
In summary, most of the above papers discussed extraction of different components
from dried and grounded roots. The first step was usually extraction by Soxhlet. The most
common solvents used in Soxhlet extraction are ethanol, methanol and n-hexane. The
Soxhlet method needs fairly long extraction time, ranges from 2 hours to 3 days. Ultrasonic
extraction can greatly reduce the extraction time to only 5 to 30 minutes. Although other
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middle steps were applied by different researchers, such as TLC, filtration, evaporation,
semipreparative HPLC then recrystallization are always necessary to get the purified
constituents. Acetonitrile-water mixture was usually used as eluents in semipreparative
HPLC purification.

2.1.3. Analysis of Echinacea Constituents
A variety of analytical techniques, high performance liquid chromatography, capillary
electrophoresis, gas chromatography, GC-mass spectrometry, liquid chromatography-mass
spectrometry (LC-MS), and nuclear magnetic resonance, has been conducted to analyze the
caffeic acid derivatives and alkamides for Echinacea samples.
Bauer and his coworkers (1988, 1989, and 1991) pioneered to use reversed-phase
HPLC analyses of the phenolic compounds and alkamides in Echinacea. They analyzed the
Echinacea extracts using HPLC and TLC. HPLC analyses conducted in 1991 included HP
1090 A chromatograph, HP 1040A photodiode array detection system and HP 3392A
integrator (Hewlett Packard, Waldbronn). Hibar 125-4 with Lichrospher 100 RP18, 5 hum
(Merck} was used as an isolated column and LiChroCART 4-4 with LiChrospher 100 RP18,
5 ~m (Merck) was used as apre-column. Two different solvent systems and gradients were
developed to analyze the lipophilic constituents and polar constituents. For lipophilic
constituents, water (solvent A} and acetonitrile (solvent B} was linearly changed 40-80% B
within 30 min at 1.0 mL/min of flow rate under Uv 210 nm detection, the injection volume
was 10 ~,cl. For polar constituents, solvent A was water containing 1% (v/v) 0.1 N phosphoric
acid and solvent B was acetonitrile with 1°~o (v/v) 0.1 N phosphoric acid. The gradient was B
solvent linearly changed from 5% to 25% within 20 min. The flow rate was 1.0 mL/min,
injection volume was 10 ~l, and detection was 320 nm. They used these two above HPLC
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methods to analyzed E. pa~adoxa and E. simulata. Comparing the HPLC retention times and
UV spectra that they already done for the analyses for E. angustifolia, E. pallida, and E.
purpurea, alkamides 1, 2, 3, 4, 5, 6 and 7, chlorogenic acid, and echinacoside in E. paradoxa
roots and alkamide 2, 3, 4, 5, 6, 8, 9, 10, 11 and 12, and echinacoside in E. simulata were
qualitatively found.
Two TLC analyses were developed by Bauer et al. (1988b) on silica plates (Silica 60
~254~

E. Merck, Darmstadt). The mobile phase used for the lipophilic constituents was

toluene-ethyl acetate (7:3), and for the phenolic constituents was toluene-ethyl formateformic acid-water (5:100:10:10}. Vanillin/sulfuric acid reagent and natural product reagent
were sprayed after TLC development, respectively. Another TLC analysis for the lipophilic
constituents was used in 1989. TLC was performed on Silica 60 F254, 0.25 plates (Merck,
Darmstadt.}. The solvent system was n-hexane/ethyl acetate (2:1}. After the plates were
developed with solvent, they can be detected either under UV 254 nm or spraying
anisaldehyde/sulfuric acid.
A method for analysis of alkamides in the roots of E. purpu~ea based on HPLC with
UV photodiode-array and electrospray mass spectrometry was conducted by He et al. (1998).
The system included a HPLC 1090 Series II instrument (Hewlett-Packard, Palo alto, CA,
USA) with aphotodiode-array detector set at 254 nm coupled with a HP 5989B quadrupole
mass spectrometer. . UV spectra were taken in the range 200-500 nm. Waters Symmetry C18
column (5 gym, 150 x 2.1 mm, Waters, Milford, MA, USA) was used in HPLC analysis. The
solvent system consisted of (A) water and (B) acetonitrile. The gradient performance as
following: 0-30 min, 45-80aIo B; 30-32 min, 80-100°lo B; 32-35 min, 100-45% B. The flow
rate was 0.2 mL/min at temperature of 45 °C. The HPLC was directly connected to the mass
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spectrometer without stream splitting. Mass range measured from 200 to 700 u at
quadrupole temperature of 150 °C. The spectra were acquired in the positive ion mode. ES
interface was HP 59987 A. The N2 was dried at 350 °C with flow rate of 40 mL/min and NZ
was nebulized under 5.5 x 105 Pa (80 p.s.i). They employed alkamides 8/9 as an external
standard to quantify these alkamides in the roots of different Echinacea species. The
detection limit for alkamides 8/9 was 15 ng/mL at UV detection wavelength of 254 nm.
Twenty-five µg/mL of alkamides 8/9 was added into the E. purpurea roots in triplicate for
the determination of the recovery. The average recovery was 96.2°Io.
Thin-layer chromatograph was conducted to analyze the Echinacea extracts by
Bodinet et al. (1999). The mobile phase (formic acid: ethylacetate: toluene, 9: 30: 30) of
TLC system was applied on the silica gel TLC plate. They used cichoric acid (Rf = 0.95) and
echinacoside (Rf = 0.37) as reference compounds. The detection method was to spray with
1% (m/V) 2-aminoethyldiphenyl borate in methanol and 5°Io (V/V) PEG 400 in methanol
under UV (366 nm).
The HPLC equipment for caffeic acid derivatives analysis developed by Kim et ai.
(2000x) consisted of aHewlett-Packard 1050 series pump control, a Macintosh computer
with Dynamax HPLC Method Manager, version 1.2 (Rainin Instrument Co. Inc., Woburn,
MA), and Shimadzu SPD-EAV UV detector. A vydac RP-18 analytical column (250 x 4.6
mm, Sum) with a Brownlee RP-18 NewGuard cartridge (15 x 3.2 mm, 7 ~,m) fitted (PerkinElmer, Markham, ON) was utilized for the sample analyses. The mobile solvent systems
included of (A) water with 0.1%phosphoric acid (85%) and (B) acetonitrile with 0.1%
phosphoric acid (85%). Solvent B was changed from 10% to 40% within 30 min at flow rate
of 1.0 mL/min with UV detection at 330 nm as the HPLC gradient. L-cichoric acid, caftaric
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acid and caffeic acid were developed as external standards. Kim et al. (2000b) utilized the
same HPLC system to analyze the alkamides. The optimum separation for alkamides was
using isocratic (50% acetonitrile in water) elution for 30 min at flow rate of 0.85 mL/min
with UV detection at 254 nm. N-phenylpentamide was used as the internal standard in HPLC
analysis.
Perry et al. (2001) used a Phenomenex Prodigy column (~DS3, 5 ~,m, 100 A, 250 x
4.6 mm) connected with a Phenomenex security guard cartridge (4 x 2 mm) at 35 °C of
temperature. The mobile solutions were (A} water containing 0.1%phosphoric acid and (B)
acetonitrile containing 0.1%phosphoric acid. The HPLC gradient was performed as follows:
0-13 min, 10-22% B; 13-14 min, 22-40% B; 14-14.5 min, 40% B; 14.5-15 min, 40-10% B;
15-20 min, 10% B. The flow rate was 1.5 mL/min, and the UV detection wavelength was set
at 330 nm.
Laasonen et al. (2002) conducted a simultaneous analysis of alkamides and caffeic
acid derivatives by HPLC. The HPLC system consisted of Perkin Elmer Series 200LC pump,
PE LC 235C Diode Array Detection system and PE nelson 600 Series link. The ~chinacea
samples were eluted on a RP-18 column (Luna 3 ~ C ~g, 100 x 4.6, Phenomenex). The mobile
solvents were water containing 0.1%phosphoric acid (solvent A} and acetOnitrile (solvent
B). The HPLC gradient was programmed as following: 0-2 min, 5-18% B; 2-4 min, 18% B;
4-7 min, 18-70% B; 7-20 min, 70-90% B. The flow rate was 1 mL/min with UV detection
under 255 nm. Three standards, echinacoside, cichoric acid and alkamides 8/9, were
dissolved in 70% aqueous ethanol for developing HPLC external standard curves. Limit of
detection (LSD} and precision of the method [approximated by the relative standard
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deviation (RSD)] were evaluated from isobutylamide standard: LOD = 0.2 mg/L and RSD =
0.93%.
GC-MS analysis of the lipophilic constituents was carried out by Hudab et al. (2002}.
The GC system was a TRACE GC 2000 SERI N:S (ThermoQuest CE Instruments, Austin,
TX) gas chromatography equipped with a splitless injector (Split ratio of 20:1}. They selected
an Rtx° -SMS (30 m x 0.25 gym, fused silica capillary column, 0.25 ~,m film thickness)
consisting of Crossbond° (5% diphenyl 95% dimethyl polysiloxane) and Helium as carrier

gas at flow rate of 1.0 mL/min. The GC was interfaced with a GCQ plus (ThermoQuest,
Finnigan) mass detector operating in the EI mode (70 eV) with 1.5 min filament delay. The

mass spectra were generally recorded over 40-650 amu full-scan mode that provided the total
ion current (TIC) chromatograms. The linear temperature program was: The initial
temperature of the column was 100 °C, followed by the temperature ramped at 10 °C /min to
200 °C, at which the temperature was held for 20 minutes. The following ramp was

increased to 250 °C at 3 °C /min, at which the temperature was maintained for 5 minutes.
Temperature of injector base, transfer line, and ion source were maintained at 250, 250, and
200 °C, respectively.
HPLC coupled with UV photodiode-array detection and electrospray ionization mass
spectrometry was developed for the simultaneous analysis of caffeic acid derivatives and
alkamides in the extracts of E. purpuYea by Luo et al. (2003). The system consisted of a
Waters (Milford, MA, USA) Alliance 2695 liquid chromatographic system interfaced to a
996 DAD system and a Micromass ZQ 2000 electrospry mass spectrometer. A Johnson
(Dalian, China) Spherigel analytical column (250 x 4.6 mm) packed with 5 ~,m C18 column
was utilized. The chromatographic eluents included (A) water containing 0.1%formic acid
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and (B) acetonitrile. The HPLC gradient was as following: 0-9 min, 10-18.5% B; 9-9.5 min,
18.5-45% B; 9.5-39.5 min, 45-80% B; 39.5-42 min, 80-100% B; 42-45 min, 100-10% B. The
flow rate was 1.0 mL/min with 30 °C of column temperature under either 330 nm for the
caffeic acid derivatives quantification or 254 nm for the alkamides quantification. The
micromass quadrupole mass spectrometer equipped with an electrospray source working at
103 °C was operated in the negative ion mode to generate [M-H]- ions of caffeic acid
derivatives, and in the positive ion mode to generate [M+H]+ and [M+Na]+ ions of
alkamides. The desolvation gas was nitrogen at flow rate of 200 L/h and 160 °C of
desolvation temperature. 150-800 u mass were determined. Capillary and cone voltages were
3850 and 60 V for ESI+, and 3050 and 35V for ESI-, respectively. Only 20% eluent was
flowing into the mass spectrometer after passing through the HPLC column. The purified
cichoric acid and alkamides 8/9 were utilized to develop external standard curves for HPLC
analysis.
In summary, although various methods had been used, such as TLC, GC-MS, the
most common analysis method for Echinaeea constituents is HPLC. The solvent system,
gradient, and detection wavelength for HPLC analysis had been developed maturely. For
alkamides, the solvent system was usually (A) water (B) acetonitrile, and the detection was
254 nm. For caffeic acid derivative, the solvent system was (A) water containing 0.1%
phosphoric acid (B) acetonitrile with 0.1%phosphoric acid, and the detection was 320 or 330
nm. To analyze alkamides and caffeic acid derivatives simultaneously, the mobile solvent
can be (A) water containing 0.1%phosphoric acid or 0.1%formic acid (B) acetonitrile.

2.1.4. Stability of Echinacea Constituents
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The alkamides are highly unsaturated compounds, and therefore, they may be prone
to oxidation. Alkamides containing unsaturated double bonds seems to be susceptible to
degradation at higher temperature and oxygen levels.
Bauer et al. (1988b} found that the polyacetylenes in E. pallida extract were easy to
oxidize. They isolated and identified three artifacts from E. pallida roots which were
polyacetylene containing the 8-hydroxy group. ~Iowever, since the genuine polyacetylenes
and polyenes lacked of the 8-hydroxygroup and the 8-double bond in the artifacts were

shifted to the 9 position, these phenomena indicated that the polyenes underwent allylic
oxidation to form the thermodynamically favored artifacts. They suggested that .~chinacea
roots remained intact and the extracts were preferably to be kept in solution to prevent the
oxidative degradation of the polyenes and polyacetylenes of E. pallida.
Rogers et al. (1998} studied the stability of alkamides for the powdered E.
angustifolia roots. The samples were stored in the sealed bag at 25 °C without sunlight in
desiccators for 2 months. They found that the reduction of the alkamides levels were about
13% over 2 months, which indicated that the alkamides were susceptible to degradation. The
author suggested that it was more desirable for the determination of alkamides stability at
lower temperatures and a longer period of the storage. Air, light, humidity and temperature
may affect the stability of alkamides during the storage for any length of time.
Livesey et aI. (1999} found that the whole alkamide concentrations reduced
significantly at 25 °C for 88% of levels ant at 40 °C for 95% of levels in the dried powder of
E. purpuYea roots for seven months, however, the alkamides were very stable at -25 °C, 25
°C, and 40 °C far seven months in the liquid of E. pu~pu~ea alcohol root extracts.
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Perry et al. (2000) reported the temperature and time had significant effect on the
alkamide degradation in E. purpu~ea root. The levels of several individual alkamides and the
total alkamides were measured at -18°C, 3 °C, and 24 °C for 64 weeks. They found that both
temperature and storage can significantly affect the degradation of alkamides in E. pu~purea
roots. The high levels of alkamides were found when the E. purpurea roots were stored at 18 °C for 16 weeks, in which the levels of several alkamides even bigger than that at the
beginning, in which the concentration of some alkamides was about 10% higher at 16 weeks
than that at the beginning. In this freezing condition for 64 weeks, the losses of individual
alkamides, alkamidesl, 2, 3, 6, 7, 8+9, and total alkamides, to their highest content were 39,
42, 41, 51, 41, 36, and 36 %, respectively. The lowest levels of alkamides were found when
E. purpurea roots were kept at 24 °C for 64 weeks. The percent of remaining 4, 8, 16, 14,
16, 9, an 11 for alkamide 1, 2, 3, 6, 7, 8+9, and total alkamides were left in the E. pu~pu~ea
roots after 64 weeks at 24 °C. So, a 40% and 80% loss in total alkamide levels were
determined at -18 and 24 °C for 64 weeks, respectively. Because the alkamides are nOt
volatile, they thought the loss of alkamides may be through the auto-oxidation.
Wills and Stuart (2000) found that 60% relative humidity of the fresh Echinacea
stored at 20 °C did not significantly change the concentration of the total alkamide levels
over 1 month storage period. However, the significant reduction of the alkamide levels were
found in the dried crushed Echinacea in the light at 20 °C or in the dark 30 °C aver 60 days,
but no significant change of the alkamide levels were observed in the dark at either 5 °C or
20 °C over 60 days.
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Different Echinacea species contain different alkamides as well as the phenolic
compounds. The degradation of the individual alkamide in the Echinacea extracts was not
reported in the publications.

2.1.5. Toxicity of Echinacea Extracts and its Constituents
Echinacea preparations seem to be relatively safe phetomedicines from the available
scientific evidence. The different preparations and fractions of Echinacea species applied to
the animal for toxicological assessments, and Echinacea was indicated low toxicity (Barrett,
2003). Lenk et a1. (1989} did acute toxicity studies by intravenously injecting several
concentrated doses of Echinacea polysaccharide fractions into 18 female mice, and the LD50
(lethal dose) at 2500 mg/kg was calculated. Another acute toxicity study by Mengs et al.
(1991, 2000) showed that the LD50 in mice at over 30 g/kg and no less than 10 gfkg for oral
and intravenous administration, respectively, and in rats at >15 g/kg and >5 g/kg far oral
administration and intravenous injection, respectively. No adverse effects were observed
when the rats and mice were fed up to 8g/kg Echinacea per day for several weeks. The oral
dosing Echinacea did not affect body weight, organ weight, histopathological analyses of
tissue, and blood studies such as complete blood count, liver enzymes, creatinine, urea,
cholesterol, triglyceride, and bollod glucose of the rats or mice. (Mengs et al., 1991, 2000).
Thus, the oral dose of Echinacea products is very safe for people.

2.2. Hy~e~icum ~pe~fo~atum
HypeYicum pe~fo~atum L., commonly known as St. John's wort, is a perennial herb
belonging to Hypericaceae family. I~ypeYicum is native to Europe, western Asia, and North

28
Africa and is widely distributed in North America and Australia (Hobbs, 1989). The whole
plant of Hypericum, such as fresh buds, flowers, and the aerial parts, usually collected just
before or during blossom, is highly valuable of the medicinal effects. Hypericum has long
been known of its sedative, anti-inflammatory, and astringent qualities. It has been used
traditionally for the treatment of burns, insomnia, shocks, concussions, hysteria and wounds
(Hobbs, 1989). Nowadays, Hypericum is generally used to cure the mild-to-moderate
depression, which is one of top-selling herbal pharmaceutical products in ZJ.S. Several
clinical studies indicated that whole extract of Hypericum has the significant antidepressant
properties (Linde et al., 1996; Hippius, 1998).
2.2.1. Hypericum Phytochemicals
Hypericum has very complex and numerous bioactive constituents like other
medicinal plants. The mainly pharmaceutical interests of Hypericum constituents include the
phloroglucinols, naphthodianthrones, flavOnoids and essential oils.
2.2.1.1. Phloroglucinols
The prenylated derivatives of the phloroglucinols (1, 3, 5-benzenetriols} hyperforin
and adhyperforin (figure 2.3) are the major compounds of this class of compounds (Hobbs,
1989). Hyperforin is about 2- 4% of the dried Hypericum perforatum. Several studies
(Muller et al., 1998; Chatterjee et al., 1998) showed that hyperforin is the most likely leading
constituent with the antidepressant function in Hypericum extracts. Hyperforin is highly
sensitive to the oxidation and it should be stared with nitrogen at -20 °C or lower temperature.
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Figure 2.3 Chemical structures of hyperforin and adhyperforin (Billia et al., 2001)

2.2.1.2. Naphthodianthrones
Hypericin, pseudohypericin (figure 2.5), isohypericin and their chemical precursor
proto-hypericin and hypericodehydrodianthone belong to this class of compounds (Hobbs,
1989). Hypericin and pseudohypericin have been intensely studied. Both of constituents are
red pigments about 0.05 to 3.0% of the total plant weight (Mazza and Oomah, 2000). The
photodynamic, antidepressive and antiviral activities of hypericin and pseudohypericin have
been reported (Hobbs, 1989).
Figure 2.4 Chemical structure of hypericin and pseudohypericin (Billia et al., 2001)
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2.2.1.3. Flavonoids
Numerous of flavonoid compounds, including the flavonols: kaempferol, Iuteolin,
myricetin, quercetin (2%); the flavonol glycosides: hyperoside (0.7- l . l %), quercitrin (0.30.5%}, isoquercitrin (0.3%), amentOflavone (0.01-0.05% in flowers), I3-II8-biapigenin (0.10.5%), and rutin (0.3%) (Hobbs, 1989; Nahrstedt and Butterweck, 1997). Flavonoids have
several bioactivities, such as antioxidants, free radical scavengers and metal chelators, so
they can prevent lipid oxidation (Mazza and Oomah, 2000).
Figure 2.5 Chemical structure of several flavonoids in Hypericum (Billia et al., 2001)
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2.2.1.4. Essential Oils
Essential oils are another bioactive class of compounds in Hypericum, which
constitute about 0.06-0.35% of the plant (Mazza and Oomah, 2000}. Methyl-2-octane, a
saturated hydrocarbon, is major component of essential oils, which contains more than 30%
of essential oils (Barns et al., 2001}.

2.2.2. Extraction and Separation of Hypericum
Liu et al. (2000) optimized the extraction conditions of Hypericum. About 2 g dry
grounded Hypericum sample was extracted with 50 mL extraction solvent in flask tightly
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covered with aluminum foil for the different time in an orbital water shaker at different
temperature. The extracts were filtered with Whatman #4 filter paper. The residues were
extracted two more times at the same extraction conditions. The filtrates of the three
extractions were combined together, and the final volume was 100 mL. Three mL portion of
this solution was evaporated in a vacuum centrifuge concentrator for 4 h, and then the
remaining solvent was evaporated under nitrogen for 1.5 h. The final concentration of the
extract was 100 mg of dry weight/mL. Eight ~l of methanol, 20 ~1 of luteolin (internal
standard), and 100 Sul of the sample methanol solution were mixed together, then the mixture
was filtered with 0.45 ~,m Nylon syringe filter for HPLC analysis. They found the extraction
time, extraction solvent, and extraction temperature could significantly affect the extraction
efficiency. The optimum extraction was conducted by them, using the extraction solvent of
44-69% ethanol in acetone, time of 5.3-5.9 h, and at 55 °C water-bath shaker.
Ganzera et al. (2002) extracted 250 mg of grounded Hypericum plants four times with
2.5 mL methanol by sonication for 10 min. The each extract need to be centrifuged at 3000
rpm for 10 min, and then the combination of the extracts were finally in 10 mL methanol.
The whole procedure was performed without the Iight as far as possible. The recovery rates
were 100.8%, 99.9%, 100.7°Io, 100.2°Io, 98.6%, 101.7%, and 99.3°lo for rutin, hyperoside,
isoquercitrin, quercitrin, pseudohypericin, hypericin, and hyperforin, respectively.
Anand et al. (2003) got 4.7 g of hyperforin-rich lipophilic extract by fluxing 100 g of
HypericuYn plant material for 2 hours. They further isolated hyperforin using Rainin
Dynamax semipreparative column (5 x 100 mm, 12 ~m particle size C18). The isocratic
solvent, acetonitrile-water (90:10), was pumped at a flow rate of 3 mL/min with injection
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volume of 300 ~,1 of extract. The solutions containing hyperforin was collected from 34 to
37.2 min.
In the study of instability of Hypericum by Ang et al. (2004}, they prepared
Hype~icum methanolic extract. One gram of finely ground Hype~-icum plant material was
extracted with 40 mL of methanol for 60 min in the ultrasonic bath. The extracted were
centrifuged at 2000 g for lOmin, and the supernatant was transferred into the capped glass
vial and then stored at -20 °C until used.
Orth et al. (1999) isolated hyperforin through six consecutive steps. The 4.6 g of
Hype~icum blossoms were extracted 5 min with n-hexane three times by means of an Ultra
Turrax at room temperature. The fractions were combined and concentrated to 2mL by
rotary evaporation. The lipophilic constituents were separated on the silica gel column (23
cm x 1.25 cm i.d.) with mobile phase, n-hexane :acetone : t-butyl methyl ether (33:35:30 ,
v/v) containing 0.1°~o ascorbic acid. The flow rate was 1.2 mL/min. 10 mL fractions
containing hyperforin were rotary evaporated to 2 mL. 200 uL this concentrated fraction
were purified on a preparative HPLC C18 column (25 cm x l Omm i.d., 7 um varioPrep 100).
The mobile phase was helium-sparged acetonitrile: twice-distilled water (89.5: 10.5, v/v) and
flow rate was 6.2 mL/min. The hyperforin fraction was collected between 16.4 an 17.8 min.
The organic solvents were rotary evaporated. Finally, the water was removed by the freeze
dried. The 99.9% purified hyperforin was stored under -20 °C with nitrogen.
In summary, the common extraction solvents for Hype~icum were ethanol, methanol,
or n-hexane. Usually multiple extraction need to be done in order to get more constituents.
Ultrasonic or sonication can significantly reduce the extraction time. The recovery rate using
sonication was very high. The extract was often filtered or centrifuged before evaporation to
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get more concentrated solution. The extract can be further purified on preparative HPLC
column.

2.2.3. Analysis of Hype~icum Constituents
Many analytical methods, such as TLC, photometry, HPLC, HPLC-MS, and HPLCNMR, have been applied to analyze the Hypericum extracts.
HPLC method to analyze hypericin and pseudohypericin was conducted by Draves el
al., 2000. The column used in this study was areversed-phase C ~ g, 250 x 4.6 mm, 5 ~,m
column. They used two solvents, solvent A is methanol-acetonitrile (5:4), and solvent B is
triethylammonium acetate buffer. The linear gradient is applied as following: 0-2 min, 70%
A; 2-10 min, 70-90% A; 10-14 min, 90% A; 14-16 min, 90-100% A; 16-21 min, 100% A;
21-22 min, 100-70% A; 22-26 min, 70% A. The flow rate was 1 mL/min and observed at 236
nm and 592 nm.
Ganzera et al. (2002} conducted HPLC analysis for all constituents of HypeYicuYn
extracts. A Synergi MAX-RP 80 A column (150 x 4.6 mm, 4-~,m particle size) was used.
Two mobile phases were applied: A) pH 5.0 of 10 mM ammonium acetate buffer (adjusted
by glacial acetic acid); B) acetonitrile-methanol (9:1). The gradient was linearly run follows
as: 0-10 min, 13-17 % B; 10-35 min, 17-100% B. 10 min of equilibration was run between
every two injections. The flow rate was 1 mL/min, detection wavelength was 270 nm, and
the injection volume was 10 ~,1. All separations were under 400C. They also created
calibration of 9 standards with the limit of detections (~,g/mL) were 0.048 of rutin, 0.032 of
hyperoside, 0.050 of isoquercitrin, 0.033 of quercitrin, 0.064 of I3, II8-biapigenine, 0.009 of
pseudohypericin, 0.013 of hypericin, and 0.032 of hyperforin, respectively.

34
Quick HPLC analysis of naphthodianthrones was created by Piperopoulos et aI. in

1997. They used a LiChrosorb RP-18 column (125 x 4 mm I.D., 5 ~,m}, protected with a
LiChrosorb 100 RP-18 column (4 x 4 mm I.D., 5 ~Cm). Two solvents were used: A)
methanol-acetonitrile (5:4) and B) 0.1 M aqueous triethylammonium acetate. The gradient

was run follows as: 0-8 min, 70-90% A; 8-13 min, 90-70% A. The total run time was only 13
minutes. The flow rate was 0.6 mL/min, the detection wavelength was 590 nm, and the
injection volume was 20 ~l. The reproducibility of the HPLC analyses was about ±6%.
A 5 ~m Symmetry C18 column (250 x 4.6 mm i.d.) was used in HPLC analysis by
Pietta et aI. (2001). Two solvent systems consisted of 30 rr~1VI NaH2PO4, pH 3 (A) and

acetonitrile (B). Their linear gradient was as following: 0-40 min, 90-60% A; 40-50min, 6010% A; 50-70 min, 10% A. The flow rate was set at 1.8 mL/min. Hyperforin, adhyperforin
and flavonols were detected at 280 nm, while hypericin andpseudohypericin were detected at
590 nm. They created three standard curves, hypericin, hyperforin, and rutin, in this study.
The relative standard deviations were ±6.4, ±5.6 and ±4.3% for hypericin, hyperforin and
rutin, respectively. The recoveries of hypericin, hyperforin and rutin that resulted were 88, 79

and 92%, respectively.
HPLC analysis conducted by Liu et al. in 2000 used S5 ODS2 column (250 x 4.6
mm, 5 ~,m). Most of constituents of Hypericuyn were detected at 284 nm and
naphthodianthrones were detected at 580 nm. Two solvents consisted of the mobile phase,
(A) 0.5% trifluoroacetic acid in water and (B} methanol-acetonitrile-trifluoroacetic acid
(60:39.5:0.5). The linear gradient was employed as following: 0-15 min, 10-22% B; 15-44
min, 22-38% B; 44-49 min, 38-100% B; 49-54 min, 100% B; 54-63 min, 100-64% B; 63-69
min, 64-10% B; 69-86 min, 10% B. The flow rate was set at 1 mL/min.
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Jensen and Hansen (2002) conducted non-aqueous capillary electrophoresis with
reversed electro-osmotic flow for separation hypericin and hyperforin from other hydrophilic
compounds in Hypericum extracts. Two fused-silica capillaries, 48.5 cm x 50 hum ID; 40.0
cm to the detector, or 30 cm x 25 hum ID; 21.5 cm to the detector, were employed for the
separation. During the analysis, a voltage of -20 kV was applied with the 50 ~m ID capillary
and -25 kV was applied with 25 ~,m ID capillary. The electrophoresis medium consisted of
methanol, dimethyl sulfoxide and N-methylformamide (3:2:1, v:v:v) containing 50 rriM
ammonium acetate, 150 rr~M sodium acetate and 0.002% (w/v) hexadimethrine bromide.
The whole run time is only 10 min, with capillaries flushed with the electrophoresis medium
for 10 min.
The fast identification of hyperforin by HPLC was employed by Anand et al. (2003).
A Lichrospher RP-18 column (4 x 100 mm, 5 ~im particle size} and Isocratic solvent,
acetonitrile-pH 2.5 of ammonium orthophosphate buffer (9:1) were applied at the flow rate of
0.8 mL/min. Hyperforin and adhyperforin came out about 10.8 and 13.0 min, respectively.
In summary, HPLC was also the most commonly used analysis method for
Hypericum. Different solvent systems were applied by different researchers, but mostly were
acetonitrile based solvent. A couple of quick HPLC analyses were developed for
naphthodianthrones and hyperforin, the total run time was only less than 15 minutes. The
hypericin, pseudohypericin, and naphthodianthrones were detected at 580 or 590 nm, while
most Other constituents of Hype~icuYn can be detected at 280 or 284 nm.

2.2.4. Stability of Hype~icum Extract
Maisenbacher and Kovar (1992) determined the stability of hyperforin in Hype~icuyn
oil under a few different storage conditions. A 0.062% hyperforin was present in the original
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Hypericum oil, while no detectable hyperforin was found after 2 weeks if the HypeYicum oil
was kept at room temperature in brown bottle. If the Hypericum oil was stored exclusion
with light, or the extracts was made by maceration with olive oil, hyperforin and
adhyperforin degraded after 30 days. The stabilized hyperforin was achieved by hot
maceration of dried flowers with eutanol G and stored with absence of air.
Ang el al. (2004) showed that pseudohypericin, hypericin, adhyperforin, and
hyperforin were not stable in the aqueous solution, especially under light exposure. They
observed the initial conversion of hypericin and pseudohypericin under the light exposure.
The major degradation products of hyperforin in acidic aqueous solution were furohyperforin,
hydroperoxide, and furohyperforin isomer a.

2.2.5. Toxicity of Hype~icum Extracts and its Constituents
Woelk et al. (1994} reported that 2.4% of adverse drug reactions were monitored in
3250 patients who took Hypericum extracts to treat their depression. The most common side

effects included 0.6% of gastrointestinal irritations, 0.5% of allergic reactions, 0.4% fatigue,
and 0.3% of restlessness.
The phototoxicity of Hype~icum was evaluated after the oral administration of
Hypericum peYforatum extract via a single dose of 1800 mg Or 7-day steady oral
administrations of 900 mg/day. The total hypericin (hypericin +pseudohypericin) in mean
skin level was 5.3 nglmL after single-dose and the total hypericin values after steady-state
administration was 2.8 ng/mL in mean skin, respectively. The peak hypericin levels found
in skin blister fluid were 20 times lower than the estimated phototoxic concentration of 100

ng/mL (Schempp et al., 1999}.
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The phototoxic activity of HypericuYn extracts were investigated using cultures of
human keratinocytes and compared it with the effect of psoralen, a phototoxic agent (Bernd
et al., 1999). The concentration of hypericin in plasma was way too low to induce phototoxic
skin reactions during anti-depressive therapy using Hypericuyn extracts.
~Iypericin and pseudohypericin were photosensitizing Hypericurn constituents.
Hypericin had cytotoxic and apoptosis-inducing activities in neoplastic cell lines
(Vandenbogaerde et al., 1998). The phototoxic and apoptosis-inducing capacity of
pseudohypericin was studied by Schempp et al. (2002). The comparison of phototoxic and
apoptosis-inducing properties for both hypericin and pseudohypericin was applied on the
model of human leukemic lymphoma cells. The inhibition of cell proliferation was
determined by dose-dependent photoactivited hypericin and pseudohypericin. The IC50
(half-maximal inhibitory concentration) of hypericin at 100 ng/mL was lower than that of
pseudohypericin at 200 ng/mL. The dose-dependent increase of DNA fragmentation was
found in the apoptosis assay after treatment of the photoactivited hypericin and
pseudohypericin. pseudohypericin should be potential cytotoxic and had significant activity
during the therapy with HypericuYn extracts since the concentration of pseudohypericin was
as two times big as that of hypericin in HypericuYn.
Thus, because of few published data available on the toxicological and
pharmacological profile of Hype~icum in animals, and lack of data on teratogenicity and
mutagenicity, using Hypericum must be cautious for woman who are pregnant or nursing,
and the old patient (Greeson et al., 2001}.
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2.3. Extinction coefficients (E) of the constituents of Echinacea and
Hypericum
Extinction coefficients are very important physical characteristics of the compounds.
The intensity of the detection signal at the chosen wavelength is proportional to the molar
extinction coefficient of the chemical of interest. Once the extinction coefficient was
determined for a specific compound, the concentration of this compound can be calculated
from its absorbance by Beer's Law.
Beer's Law: A = scl

(1.1)

Where A is absorbance, E is extinction coefficient, c is molar concentration of the
compound, and 1 is the path length of light.
Less than 20% of the extinction coefficients of Echinacea and Hypericum
constituents were found in literature. The published extinction coefficients of some
Echinacea and Hypericum constituents were shown in Table 2.5. Some compounds only
reported their largest absorbance wavelengths and did not give their extinction coefficients at
these chosen wavelengths.
Table 2.5 Extinction coefficients of Echinacea and Hypericum constituents
Chemical
Echinacea
Undeca-2E, 4Z-diene-8,10-diynoic acid isobutylamide (1)
Undeca-2Z, 4E-diene-8,10-diynoic acid isobutylamide (2)
Dodeca-2E, 4Z-diene-$,10-diynoic acid isobutylamide (3)
Undeca-2E, 4Z-diene-8,10-diynoic acid 2-methylbutylamide (4)
Dodeca-2E, 4E, l0E-triene-8-Y noic acid isobut YIamide ()
5
Trideca-2E, 7Z-diene-10,12-diynoic acid isobutylamide (6)
Dodeca-2E, 4Z-diene-8,10-diynoic acid 2-methylbutylamide (7)
Dodeca-2E, 4E, 8Z, l0E-tetraenoic acid isobutylamide (8)
Dodeca-2E, 4E, 8Z, I OZ-tetraenoic acid isobutYIamide (9)
Dodeca-2E, 4E, 8Z-trienoic acid isobutylamide (10}
Dodeca-2E, 4E-dienoic acid isobutylamide (11)

wavelength

259a
257
260 a
261 a
232 a
261 a
211 a
261 a
231 a
260 a

231 a
260 a
259
260 b

E

(M-iCm 1}

24,000 a
28,500 a
a

24,000 28,500 a
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Table 2.5 Continued

Chemical
Undeca-2E-ene-8 10-di y noic acid isobutylamide (12}
Undeca-2Z-ene-8,10-diynoic acid isobutylamide (13}
Dodeca-2E-ene-8,10-diynoic acid isobutylamide (14}

Mvavelen th

~

211 ~
211 b
211 b
.231 b
260 b
211 b
211 b
199 b
211 n
b
199
211 b
244 ~
299 ~
326

~

599 ~
599 d

Dodeca-2E, 4Z, lOZ-trlene-8- yolc acrd lsobutylam~de ( 15 )
Undeca-2Z-ene-8,10-diynoic acid 2-methylbutylamide (16}
Dodeca-2E-ene-8,10-diynoic acid 2-methylbutylamide (17}
Pentadeca-2E, 9Z-diene-12,14-diynoic acid isobutylamide (18)
Hexadeca-2E, 9Z--diene-12,14-diynoic acrd lsobuty1amide ( 19)

.

Caffeic acid
~Iypericum
Hypericin
Pseudohypericin synthesized
Pseudohypericin isolated

£ (M

icm

1)

b
10,600
13,600 b

I l ,220
15,135 ~ 18,620
44,000 d
9,000 d
e
43,100

266 E
367 f
256 e
15,850
f
256 f
13,490
Luteolin
350 f
14,790 ~
355 ~
17,780
256 ~
20,890
301 ~
7,760 ~ 20,890
Quercetin
373
255 f
16,220
Myricetin
378 f
19,500
256 t
. Quercitrin (q uercitin 3-rham}
350 E
f
258 ~
25,700
Iso uercitrin
q
360 f
20,890 ~
259 E
Rutin (quercitin 3-rham-glucose)
359 f
19950E
269
Apignein
f
335
20890 ~
Reference: a Bauer, R.; Khan, I. A.; Wagner, H. TLC and HPLC analysis of Echinacea pallida
b Bauer, Rudolf; Remiger, Peter; Wagner,
and E. angustifolia roots. Planta Medica (1988}, 54(5), 426-30.
Hildebert. Alkamides from the roots of Echinacea angustifolia. Phytochemistry (1989), 28(2), 505-8.
Weast. R; Tuve, G. CRC Handbook of Chemistry and Physics. 51St Edition (1970-1971}. a Wills, Nick
J.; Park, Jaehun; Wen, Jin; Kesavan, Sarathy; Kraus, George A.; Petrick, Jacob W.; Carpenter, Susan. Tumor
cell toxicity of hypericin and related analogs. Photochemistry and Photobiology (2001), 74(2}, 216-220. e
Falk, Heinz; Schmitzberger, Wolfgang. The Nature of "Soluble" Hypericin in Hypericum species.
Monatshefte fuer Chemie (1992}, 123(8-9), 731-9. ~ Mabry, Tom J.; Markham, K. R.; Thomas, Michael
Barrie. The Systematic Identification of Flavonoids. Springer-Verlag, New York (1970}, 354 pp.
Kaempferol
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CHAPTER3

MATERIALS AND METHODS

Plant Materials
Ground dry roots from ~. pu~puYea and the whole aerial plants of Hypericum

perforatum was donated by Frontier@ Herbs (Norway, IA). Ground dry roots of Johnny's
Seeds variety and USDA Plant Introduction Station of three species, E. puYpu~ea, E.
angustifolia, and E. pallida from 2003 and 2004 crops and four different accessions of
ground dry whole aerial plants of H. pe~fo~atum from 2003 and 2004 crops were provided by
Dr. Kathleen Relate, Core A, Iowa Botanical Supplements Research Center. Ground dry
roots of USDA Plant Introduction Station of five species, E. purpurea, E. pallida, ~.
simulate, E. tennesseensis, and E. sanguinea from 2003 crops were provided by Dr. Mark
Widrlechner, Core A, Iowa Botanical Supplements Research Center. AlI these materials
were stored at -20 °C.
Table 3.1 Plant materials of Echinacea and Hypericum
Echinacea (roots}

Hypericum (aerial parts)

Frontier C Herb
E. purpurea

H. perforatum

2003 & 2004 crops, Dr. Kathleen Relate, Core A, Iowa Botanical Supplements Research Center
E. purpurea, E. angustifolia, and E. pallida

H. perforatum

2003 crops, Dr. Mark Widrlechner, Core A, Iowa Botanical Supplements Research Center
E. purpurea, E. pallida, E. simulate, E.
tennesseensis, and E. sanguinea

41

Chemical Reagents
Regent-grade ethanol (100%) was purchased from Chemistry Stores, Iowa State
University. HPLC-grade acetonitrile, methanol, chloroform, hexane, acetic acid, regentgrade trifluoroacetic acid, phosphoric acid (85%) and certificated-grade dimethyl sulfoxide
(DMSO) were purchased from Fisher Scientific (Fair Lawn, NJ). Milli-Q water prepared by
Milli-Q system (Millipore Co., Bedfor, MA} was used to prepare all the mobile phase for
HPLC analysis. Endotoxin-free water was prepared by filtering Milli-Q water through
PyrogardTM DPoint-of--Use ultrafilter (Millipore Co., Bedfor, MA) for making the endotoxinfree extracts.
Six Echinacea phenolic compounds, chlorogenic acid and caffeic acid (SigmaAldrich, Inc, St. Louis, MO), caftaric acid, echinacoside, cynarin, and cichoric acid
(American Herbal Pharmacopoeia° , Scotts Valley, CA), were used to make the standard
curves for Echinacea phenolic HPLC gradient. Four Echinacea alkamides, undeca-2Z, 4~diene-8, 10-diynoic acid isobutylamide (alkamide 2}, dodeca-2E, 4E, 8Z-trienoic acid
isobutylamide (alkamide 10), dodeca-2E-ene-8, 10-diynoic acid isobutylamide (alkamide
14), and 9-hydroxytrideca-2E-ene-10, 12-diynoic acid isobutylamide, all synthesized by Dr.
Kraus' group, Department of Chemistry, Iowa State University, were used as the external
standards for Echinacea alkamide HPLC gradient. Six Hypericum flavonoids, rutin (95%
pure) and quercetin (Sigma-Aldrich, Inc, St. Louis, MO), quercitrin, isoquercitrin, and
hyperoside (ChromaDex, Santa Anna, CA} and chlorogenic acid (Sigma-Aldrich, Inc, St.
Louis, MO) ,were used to make the external standard curves for Hypericun~c flavonoid HPLC

gradient. Hypericin (> 99% pure) and pseudohypericin (98.2% pure) (CalbiochemNovabiochem, La Jolla, CA) were used as the external standards for Hypericum hypericin
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HPLC gradient. Crystalline of chlorogenic acid, caffeic acid, rutin and quercetin were stored
in the desiccators at -20 °C and crystalline of Echinacea alkamides were kept under nitrogen
at -80 °C. The stock solutions of all of the standards were stored under nitrogen at -80 °C.

3.1. Determination of Extinction Coefficients (~) for Echinacea and
Hypericum Constituents
The extinction coefficients of less than 30% of Echinacea and Hypericum
constituents have been published in the literature. The data to calculate the extinction
coefficients were measured far 11 Echinacea and Hypericum constituents using a
spectrophotometer (DU° Series 500, Beckman Instruments, Inc, Fullerton, CA}.
Six Echinacea phenolic compounds, chlorogenic acid, caffeic acid, caftaric acid,
echinacoside, cynarin, and cichoric acid, four Echinacea alkamides, undeca-2Z, 4E-diene-8,
10-diynoic acid isobutylamide (alkamide 2}, dodeca-2E, 4E, 8Z-trienoic acid isobutylamide
(alkamide 10), dodeca-2E-ene-8, 10-diynoic acid isobutylamide (alkamide 14), and 9hydroxytrideca-2E-ene-10, 12-diynoic acid isobutylamide (9-hydro alkamide 14 }, seven
Hypericum constituents, rutin and quercetin, quercitrin, isoquercitrin, and hyperoside,
hypericin and pseudohypericin were prepared in 100% methanol and their absorbances were
measured to calculate their extinction coefficients. For each standard, the stock solution was
made by dissolving accurately weighed amount of standard into 100% methanol in 5.0 mL of
volumetric flask and stored in -80 °C with nitrogen. The stock solution was diluted by serial
dilution to produce 5 or 6 standard solutions with exact concentration. The concentrations of
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each Echinacea and HypeYicum standards to measure their extinction coefficients were
showed in Table 3.2.
Table 3.2 Concentrations of Echinacea and ~Iype~icum standards to measure their extinction
coefficients
Chemical
Echinacea
Caftaric acid
Chlorogenic acid
Caffeic acid
Cynarin
Echinacoside
Cichoric acid
Alkamide 2
Alkamide 10
Hvnericum
Rusin
Hyperoside
Isoquercitrin
Quercitrin
Quercetin

Concentration (ug/ml)

7.0, 12.3, 17.6, 26.4, 35.2, 44.0
9.1, 13.7, 18.2, 22.8, 27.3
7.4, 11.8, 14.8, 17.8, 22.2
6.1, 10.1, 14.1, 20.2, 26.3, 30.3
8.0, 14.0, 20.0, 30.Q, 40.0, 50.0
6.1, 10.2, 16.3, 20.4, 24.5, 30.6
12.5, 25.0, 37.4, 62.4, 124.8
8.0, 16.0, 24.0, 32.0, 40.0
4.9, 9.8, 14.6, 19.5, 24.4
6.0, 10.0, 20.0, 30.0, 40.0
5.0, 10.0, 1~.0, 20.0, 25.0
4.8, 10.0, 16.0, 20.0, 30.0, 40.0
4.8, 9.6, 14.4, 19.2, 24.0

The wavelength with the highest absorbance far each standard was determined from
its spectrum by the photodiode array (a Beckman model 168 detector (Beckman Coulter,
Inc., Fullerton, CA)) detection system. The absorbance of the standard was measured at
selected wavelength to calculate its extinction coefficient. A plot of the absorbance versus
the molar concentration of the standard was performed by linear regression. The slope of the
line was the extinction coefficient, ~, of this standard with unit of M-~cm-1.

3.2. Extraction of Echinacea and Hypericum Samples
Two extraction methods were evaluated by using Soxhlet apparatus (Soxhlet method)
and shaker (shaking method) (InnovaTM 2000 platform shaker, New Brunswick Scientific,
Edison, NJ). All the extracts were stored in a -20 °C freezer.
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Soxhlet Method: Accurately weighed (usually 6 g) dry ground Echinacea roots or
HypericunZ whole aerial plant material were placed into Whatman° 43mm x 123mm
cellulose extraction thimble (Whatman International Ltd., Maidstone, England), covered with
glass wool, and refluxed with 250 mL of different organic solvents, 100% ethanol, 95%
ethanol, chloroform, and hexane, for 6 h using Soxhlet extraction device. The extract was
dried by a rotary evaporator (Buchner-Brinkman, R-114, Switzerland) at <_40 °C under
reduced pressure. The weights of dry extracts were recorded. The dry extracts were redissolved in the dimethyl sulfoxide (DMSO} or aqueous ethanol and kept in -20 °C freezer.
Shaking Method: Accurately weighed (usually 6 g} dry ground Echinacea roots or
HypericuYn whole aerial plant were mechanically agitated with 50 mL of different solvents,
water, 100% ethanol, 70% ethanol, chlorofot~zl, and hexane, on a platform shaker at 300 rpm
at RT far 24 h. The solid samples were filtered using Whatman0 No. 1 filter paper. The
organic solvent extract was dried with a rotary evaporator at <40 °C under reduced pressure.
The water in the extracts was freeze dried. The weights of dry extracts were recorded. The
dry extracts were re-dissolved in the DMSO or ethanol and kept in -20 °C freezer.
To determine the reproducibility of the Soxhlet and shaking extraction methods, the
same amount of Echinacea or HypericuYn samples were extracted three times using either
extraction method. The concentrations of the quantified constituents were determined by
HPLC analysis. The percent of the coefficient variance (%CV) of known constituents for
within and between days were calculated and indicated the reproducibility of extraction
methods.
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3.3. High Performance Liquid Chromatography (HPLC) Analyses of
Echinacea and Hypericum Extracts
The Echinacea or Hypericum extracts were analyzed by HPLC system. This HPLC
system consisted of a Beckman System GoldO 126 solvent module, a Beckman mode1508
autosampler, a Beckman model 168 detector (Beckman Coulter, Inc., Fullerton, CA) and a
RP- C18, 5µm, 250 x 10 mm i.d. YMC-ODC-AM-303 column (YMC, Inc., Wilmington,
NC). All Echinacea and Hypericum extracts were filtered through 0.45 µm
polytetrafluoroethylene filters (Alltech Associates Inc., Deerfield, IL) before injecting into
the HPLC. HPLC-grade acetonitrile, methanol, acetic acid, and trifluoroacetic acid (TFA)
were purchased from Fisher Scientific (Fair Lawn, NJ). Milli-Q system (Millipore Co.,
Bedford, MA)-HPLC grade water was degassed and used to prepare all the mobile phases for
HPLC analysis.
To make external standard curves for the different HPLC gradients system used, five
or six different concentrations of each compound were prepared. The each concentration of
standard was injected in triplicate to determine the standard curves.
To make Echinacea endotoxin-free extracts, all of the glassware used in the
experiment was covered the alumina foil and heated at >19Q °C at least 4 h. The glassware
covered the alumina foil was stored under the clean condition at room temperature. The
water was endotoxin-free water made by filtering the milli-Q water through PyrogardT~ D
Point-of-Use ultrafilter (Millipore Co., Bedfor, MA). All the endotoxin-free water was
usually freshly made on day of use. The glassware and water used for endotoxin-free
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purpose were tested by Dr. Cunnick's lab (Department of Microbiology, Iowa State
University) to check the rate of endotoxin.
...3.3.1. Quantification of Echinacea Constituents by HPLC
Two HPLC gradients were developed to analyze the Echinacea extracts. The
Echinacea phenolic gradient was developed to separate the phenolic compounds of
Echinacea extracts by following the Perry et al. (2001) HPLC method. The modification of
the Bauer et al. (1988) HPLC method of alkamide analyses formed the Echinacea alkamide
gradient.
3.3.1.1. Echinacea Phenolic Gradient
The mobile phases were: (A) degassed Milli-Q water with 0.1%phosphoric acid
(85%) and (B} acetonitrile. The gradient elution was carried out as follows: 0-13 min, 1022% B; 13-14 min, 22-40% B; 14-17, 40% B; 17-17.5 min, 40-10% B; 17.5-30 min, 10% B.
The total run time was 30 min. The injection volume was 10 µL. The flow rate was 1.5
mL/min. The UV absorbance was monitored from 200 to 600 nm with a Beckman 32
KaratTM software (version 5.0) and UV profile at 330 nm was better to observe all of
phenolic compounds.
Six Echinacea phenolic compounds, caftaric acid, chlorogenic acid, caffeic acid,
echinacoside, cynarin and cichoric acid, were chosen as external standards to make the
standard curves. All of these standards were dissolved in methanol and various amounts of
these standards were used to make the standard curves. The concentration range of these six
Echinacea phenolic compounds was showed in Table 3.3.
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Table 3.3 The concentration range of Echinacea phenolic compounds
Standards
Caftaric acid
Chlorogenic acid
Caffeic acid
Cynarin
Echinacoside
Cichoric acid

Concentration Range(ug/ml}
17.6 to 264
18.2 to 273
14.8 to 296
20.0 to 300
20.2 to 303
20.4 to 306

3.3.1.2. Echinacea Alkamide Gradient
Two mobile phases were: (A) degassed Milli-Q water and (B) acetonitrile. A linear
gradient of increasing 40% B to 80% B was developed within 45 min at flow rate of 1.0
mL/min with UV detection from 200 - 600 nm and especially at 210 nm and 260 nm for
alkamides. The injection volume was 15 ~,L.
The external standard curves of two alkamides, undeca-2Z, 4E-diene-8, 10-diynoic
acid isobutylamide (alkamide 2) and dodeca-2E, 4E, 8Z-trienoic acid isobutylamide
(alkamide 10), were established. The concentration range of these three Echinacea
synthesized alkamides was showed in Table 3.4.
Table 3.4 The concentration range of Echinacea alkamides
Alkamide 2
Alkamide 10

Standards

Concentration Range (ug/ml}
30 to 300
30 to 200

3.3.2. Quantification of Hypericum Constituents by HPLC
Two HPLC .gradients were established to analyze the Hypericum extracts. The
Hypericum flavonoid gradient was utilized to quantify the flavonoids in Hypericum extracts.
The Hypericum hypericin gradient separated hypericin and pseudohypericin from other
Hypericum constituents.
3.3.2.1. Hypericum Flavonoid Gradient
The mobile phases were: (A) degassed Milli-Q water with 0.1%acetic acid and (B)
acetonitrile. The gradient elution was carried out as follows: solvent B increased from 10%
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to 90°~o in 45 min. Solvent B was recycled back to 10°~o in 5 min. The injection volume was
20 µL. The flow rate was 1 mL/min. The UV absorbance was monitored from 200 to
600nm.
Six Hypericum standards, chlorogenic acid, rutin, hyperoside, isoquercitrin,
quercitrin, and quercetin, were utilized to make external standard curves in Hype~icuyn
flavonoid gradient. The concentration range of these six Hyper~icum flavonoids was showed
in Table 3.5.
Table 3.5 The concentration range of Echinacea HypeYicun~ flavonoids
Standards
chlorogenic acid
Rutin
Hyperoside
Isoquercitrin
Quercitrin
Quercetin

Concentration Range (ug/ml}
97 to 970
20.8 to 2080
50 to 400
100 to 500
50 to 500
37 to 1850

3.3.2.2. Hype~icum Hypericin Gradient
This gradient was according to Li et al. (2001). The mobile phases were: (A} 20%
methanol .and 0.5% trifluoroacetic acid in degassed Milli-Q water and (B} 10% methanol and
0.5% %trifluoroacetic acid in acetonitrile. The gradient elution was carried out as follows:
From 0 to 20 min, solvent B increased from 10°~o to 70%; from 20 to 25 min, solvent B
increased from 70% to 90%; from 25 to 30 min, solvent B increased t0 100%; from 30 to
60min, solvent B was kept 100%. Finally, the solvent B was recycled back to 10°~o in 5 min.
The injection volume was 10 µL. The flow rate was 1 mL/min. The UV absorbance was
monitored from 200 to 600nm and hypericin and pseudohypericin were observed at 580 nm.
The standard curves of hypericin and pseudohypericin were prepared in the
Hype~icum hypericin gradient. The concentration range of pseudohypericin and hypericin
was showed in Table 3.6.
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Table 3.6 The concentration range of pseudohypericin and hypericin
Standards
pseudohypericin
hypericin

Concentration Range(ug/ml}
9.44 to 37.76
6.57 to 32.85

The repeatability of HPLC analysis can show the accuracy of HPLC injection, which
was measured by injecting the same Echinacea or Hypericum extracts by three times and the
concentration average and standard deviation of the known compounds were calculated.

3.4. Fractionation of I~ypericum perforatum Extracts
Six grams of dried aerial portions of F~ontie~ Herb Hype~icum plant material was
extracted with 95% ethanol using Soxhlet extraction method. The extract was redissolved in
20 mL of 10% acetonitrile. The extract solution was loaded on a C ~ g cartridge column
(Extract-clean columns, 10 mL, high capacity Cog, Alltech Associates Inc., IL) and saved
elution. The Cig column was then washed with step-wise gradient of 20 mL of aqueous
acetonitrile from 0 to 100% acetonitrile, which were water, 5, 10, 15, 20, 22, 25, 27, 30, 40,
50, 60, 70, 80, 90 and 100% mixtures of acetonitrile and water, and each fraction was
collected. All of fractions were roto-evaporated first to remove the organic solvent and then
freeze-dried to obtain the dry residue. All of fractions were qualitatively analyzed by
HypeYicum hypericin HPLC gradients. The 20% acetonitrile fraction was the flavonoid-rich
fractions with light brown-yellow color. A fraction containing 25, 27, 30 and 40%
acetonitrile elutions combined was the pseudohypericin fraction with the red color. The redcolor hypericin fraction was mixed of the 50, 60 and 70% acetonitrile elutions. All these
three fractions were analyzed by HPLC and given to Dr. Birt's group for biological study.
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3.5. Stability of Alkamides in E. purpu~ea Extracts
The 2004 harvest of PI 63137 E. puYpurea roots was used in the stability study. We
evaluated the stability of alkamides in four different types of extracts: 1. dry extracts,
phenolic-rich; 2. dry extracts, phenolic-poor; 3. extracts in DMSd, phenolic-rich; 4. extracts
in DMSO, phenolic-poor. For each type of extract, the degradation of the predominant
alkamides in E. pur~purea was measured in 70, 80, and 90 °C forced air ovens for 10-day
incubation time, respectively.

3.5.1. Preparation of E. purpu~ea Extract with Phenolic Acids
Three grams of the E. pur~purea was accurately weighed out for each treatment. The
E. puYpuYea samples were extracted with 95oIo ethanol for 6 hours using Soxhlet apparatus.
After extraction, the ethanol was evaporated by rota-evaporator at 30 °C to obtain the dry
residue. These dry Echinacea extracts were rich with phenolic compounds. The extracts
were immediately used in the stability study.

3.5.2. Preparation of ~. pu~pu~ea Extract without Phenolic Acids
To prepare the phenolic-poor alkamide fraction, the dry Echinacea extracts with
phenolics was first redissolved in 10 mL chloroform. A silica gel separation cartridge (Maxiclean Silica Cartridges, Alltech Associates Inc., Deerfield, IL) was used for separation of
alkamides from phenolic compounds. The cartridge was pre-washed with 10.0 mL hexane,
the chloroform Echinacea extract was passed through the cartridge, and the eluent saved.
The cartridge was then washed with another 10.0 mL of chloroform and the eluent saved.
Two eluents were combined, and the chlorofoll~i was roto-evaporated to produce the dry
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residue. These dry residues were shown to have low concentrations of phenolic compounds
by HPLC analysis. The extracts were immediately used in the stability study.

3.5.3. Preparation of Dry E. purpurea Residue with or without Phenolic Acid
The dry residue was dissolved in 10.0 mL of methanol and 0.7 mL of solution was
filtered with 0.45 ~,m filters and separated into l4 clear HPLC vials (12 x 32 MM standard
mouth, Alltech Associates, Inc., State College, PA). The methanol was blown off by the
nitrogen evaporator (N-EVAPTM 111, Organomation Associates, Inc., Berlin, MA}. These
14 final dry extracts which were either rich or poor in phenolics were used to evaluate
alkamides stability in dry films.

3.5.4. Preparation of E. purpurea Extract with or without Phenolic Acids in

DMSO
The dry residue was dissolved in 10.0 mL DMSO and 0.7 mL of solution was filtered
with 0.45~,m filters and separated into 14 clear HPLC vials (12 x 32 MM standard mouth,
Alltech Associates, Inc., State College, PA}. These 14 extracts in DMSO which were either
rich or poor in phenolics were used to evaluate the stability of alkamides in the solution. The
volume of DMSO was marked before putting the vials into the ovens.
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Figure 3.1 Preparation different E. puYpuYea extracts under the different storage conditions
in alkamide stability study
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3.5.5. Stability of Alkamides Detection Procedure
All the treatments are incubated in duplicate at ~0 ° C, 80 ° C, and 90 ° C in the
forced air ovens. Every day of 10-day incubation period, the changes of alkamides were
analyzed using the Echinacea alkamide HPLC gradient. The dry Echinacea extracts were redissolved in the 0.7mL of DMSO, and the extracts in DMSO were added a few of drops of
DMSO to back to the original volume.
Rate constants for degradation (k) of individual alkamides were determined by linear
regression of In (peak area} versus time (day) using SAS procedure REG (SAS® 9.1.2
Qualification Tools, Cary, NC) and standard errors of k were calculated. The rate constants

~3
of alkamides was extrapolated by Arrhenius equation at any temperature by doing linear
regression of log (k) versus the reciprocal of absolute temperature (°K) using SAS procedure
REG, and half-lives were calculated by t1i2= 0.693/k (Labuza et al., 1982, 1985). The rate
constant and half-life of each major alkamide in E. purpurea extract were calculated.
The degradation rate constant and half-lives of the alkamides between phenolic- rich
and phenolic- poor in E. purpurea extracts were compared by analysis of variance (ANOVA)
models. The SAS Procedure MIXED was used for this analysis. The alkamide degradations
between each other were compared by Tukey's multi-comparison method. The differences
of least squres (LS) means between two treatments and the significances of these differences
were obtained from the ANOVA model. The effect of store condition (dry vs. DMSO) on
the degradation rate constant and half-lives of alkamides in E. purpurea extracts were
determined using the similar ANOVA model. The between treatment differences and the
significances of these differences were also calculated from the ANOVA model.
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CHAPTER4

RESULTS AND DISCUSSION

My master's research was on extraction, analysis, fractionation, and stability of the
constituents of three species of Echinacea, namely ~. angustifolia, E. puYpurea, and E.
pallida, and of Hypericum pe~foratum. Since 2001, Dr. Murphy's lab, in which I have been
doing my master's research, has been involved with a large National Institute of
Environmental Health Sciences (N [ N:HS) project carried out by the Iowa State University
Botanicals Supplement Research Center (Botanical Center) on study of the two of the most
widely used botanical supplements, Echinacea and Hype~icum. The objective of my lab was
the extraction and purification of these two herbs and the analysis of known constituents
using High Performance Liquid Chromatography (HPLC).
This result section is divided into five parts along with my experimental methods: (1}
The determination of the molar extinction coefficient for several of Echinacea and
Hypericum constituents. The extinction coefficient, as one of the most import physical
characteristics of the compound, with available standards were calculated based on the
intensity of the detection signal at the chosen wavelength is proportional to the molar
extinction coefficient of the analyte. (2) The extraction for Echinacea species and H.

perfo~atum. Two extraction methods, namely, a Soxhlet extraction method and a shaking
extraction method, were evaluated. (3} The HPLC analyses for the extracts of Echinacea
species and H. pe~foratum. Because of the biological interests of the main types of
compounds we extracted for Echinacea species and H. perforatum, four HPLC methods, two

55
for Echinacea and two for Hypericum perforatum, were developed to quantify and qualify

the known compounds in Echinacea and Hypericum extracts. (4) The fractionation of H.
perforatum extract. Three fractions of H. perforatum extract were produced for biological

study due to the request of Dr. Birt's lab, from Project 3 (the groups in charge of biological
testing of Echinacea and Hypericum at the botanical center) group at the Botanical Center for
the cytotoxicity study of Echinacea and Hypericum. (5) The stability study of the major
alkamides in E. purpurea extract. This might be the most important part in my master
research to evaluate the stability of the alkamides in E. purpurea extract. Since hundreds of
Echinacea and Hypericum extracts have been made by our lab for the biological tests by
Project 3 groups at the Botanicals Center, some extracts produced two or three years ago
were still used for their biological tests. However, no published data of the stabilities of
Echinacea and Hypericum constituents in the extracts were available. Due to the a diversity
of the constituents in both Echinacea and Hypericum extracts and the time-consuming
property for even single stability study, the predominant alkamides in the E. purpurea extract
were chosen for the stability study.

4.1. Extinction Coefficients (E) of the Known Constituents of Echinacea and
Hypef-icum
Extinction coefficients are very important physical characteristics of the compounds.
The intensity of the detection signal at the chosen wavelength is proportional to the molar
extinction coefficient of the chemical of interest. Once the extinction coefficient was
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determined for a specific compound, the concentration of this compound can be calculated
from its absorbance by Beer's Law.
Beer's Law: A = ~ci

(4.1}

Where A is absorbance, ~ is extinction coefficient, c is molar concentration of the
compound, and l is the path length of light.
Six Echinacea phenolic compounds, caffeic acid, chlorogenic, caftaric acid,
echinacoside, cynarin, and cichoric acid, two synthesized Echinacea alkamides, alkamide 2
and alkamide 10, and five Hypericum flavonoids, rutin, quercetin, hyperoside, isoquercitrin,
and quercitrin, were measured for their extinction coefficients in methanol. For each
chemical, the highest absorbance wavelength was determined by evaluating its photodiode
array (PDA) detector spectrum in the HPLC system. caftaric acid was selected as example
to show how its extinction coefficient was evaluated (Figure 4.1). The two highest
absorbance wavelengths were chosen based on its PDA detector UV spectrum at 219 and 328
nm, which means caftaric acid has the highest absorbance at these two wavelengths. Six
concentrations of caftaric acid solution were prepared and their absorbances were measured.
A plot of the absorbance versus the molar concentration of the standard was performed by
linear regression. The slope of this linear line was the extinction coefficient of caftaric acid
at the selected temperature, ~, of cichoric acid with unit of M-icm I because a 1 cm cuvette
was utilized.
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Figure 4.1 Determination of caftaric acid extinction coefficient.
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The slope of the linear regression line was the extinction coefficient (E) at the selected wavelength.

The extinction coefficient of caftaric acid was 8,595 M-~cm-lat 219 nm and 10,886 M~cm-1 at 328 nm, respectively. The extinction coefficients of the available standards of 13
Echinacea and Hypericum constituents, caftaric acid, chlorogenic acid, caffeic acid, cynarin,
echinacoside, cichoric acid, undeca-2Z, 4E-diene-8, 10-diynoic acid isobutylamide (alkamide
2), dodeca-2E, 4~, 8Z-trienoic acid isobutylamide (alkamide 10), rutin, hyperoside,
isoquercitrin, quercitrin, and quercetin are shown in Table 4.1.
Table 4.1 Extinction coefficients of Echinacea and Hypericum constituents
Chemieai

wavelength

(nm)

E (M -~Cm ~~

L~chinacea
caftaric acid
chlorogenic acid
caffeic acid
Cynarin

Echinacoside
Cichoric acid

219
328
219
328
217
320
218
325
219
333
218
330

8,595
10,886
12,740
14,577
12,263
14,809
22,236
27,007
16,351
15,638
22,$68
30,335
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Table 4.1 Continued
Chemical

wavelength ~Ylm}

E

(M 1Cm 1~
20,508

Alkamide 2

260

Alkamide 10
Hypericum

260

7,978

260
360
260
360
260
360
260
350
255
375

19,144
16,213
24,969
21,440
9,030
7,070
18,937
14,550
14,740
14,552

Rusin
Hyperoside
Iso9uercitrin
Quercitrin
Quercetin

The measurement of these known compounds will be very helpful for the future
work. Because many of Echinacea and Hypericum constituents are very difficult to purify,
the cost of these compounds is very expensive. The quantification of these compounds in the
extracts is very important for our work. In most situations, we may only have the tiny
amount of these standards, thus, it is very hard to weigh accurately. For the quantification,
the exact concentration of the standard must be known. If the extinction coefficient of the
compound was determined, the exact concentration of the specific compound can be
measured by using a photospectrameter. On the other hand, if the right concentration of an
unknown compound is determined, the extinction of this unknown compound can be
calculated by measuring its UV absorbance at its highest wavelength. Comparison the
extinction coefficient and the highest absorbance wavelengths, we may find out what
compound is for the unknown one.

4.2. Extraction Methods of Three Species of Echinacea, E. angustifolia, E.
purpu~ea, and E. pallida, and Hypericum perforatum
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Two extraction methods, Soxhlet extraction method and shaking extraction method
were developed to make extracts for Echinacea species and Hype~icum. Both Soxhlet and
shaking extraction method were conducted based on our lab experiences in extracting
soybean isoflavones and saponins, Iycopene and its oxidation products. And these two
extraction methods can be fulfilled in our Iab.
The HPLC chromatograms of E. purpurea extracts obtained by the Soxhlet extraction
method and the shaking extraction methods are shown in Figure 4.2. The same source of .~.
purpu~ea roots were utilized for both extraction methods. For the Soxhlet extraction, six
grams of E. puYpurea roots was extracted with 95% ethanol for 6 h, while six grams of E.
pu~purea roots was extracts with 95°~o ethanol for 24 h for the shaking extraction method.
After extraction, these two extracts were dissolved in 20 ml of dimethyl sulfoxide (DMS~)
and then analyzed by HPLC.
Figure 4.2 The HPLC chromatograms of E. puYpurea extracts made by Soxhlet extraction
and shaking extraction method
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The left column is the HPLC profiles of Soxhlet E. purpurec~ extract, and the right column is the HPLC
profiles of shaking extract. The two chromatograms on the top show the alkamides of ~. purpuYea running the
Echinacea alkamide HPLC gradient. HPLC profiles of these alkamides follow Bauer's alkamide number
naming system (Bauer and Remiger, 1989). The two chromatograms on the bottom show the phenolics
compounds in E. purpuYea running the Echinacea phenolic HPLC gradient with the detection of 330 nm. The
major known phenolic compounds are indicated.
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Figure 4.2 shows that the Soxhlet extract contained higher peaks heights of alkamides
and the caffeic acid derivatives than the extract made by shaking method. These data suggest
that the Soxhlet extract had higher concentration for both alkamides and caffeic acid
derivatives than those of the shaking extract. Since the only difference between these two
extracts was through the different extraction methods, the Soxhlet extraction method
appeared to be more efficient than the shaking extraction method.
Compare to the procedures for these two extraction protocols, the Soxhlet extraction
method had more advantages than the shaking extraction method. The extraction time of the
Soxhlet extraction method was about six hours, which was faster than shaking method of 24hour extraction time. The Soxhlet extraction method saved more time than the shaking
extraction method. After extraction, the Soxhlet extraction solution can be directly rotoevaporated. However, the extract made by shaking extraction method should be filtered first
by Whatman #1 filter paper and then dried through roto-evaporator and then freeze drier.
There were always the problems during the process of filtration. Because the Echinacea and
HypeYicuYn samples were very tiny particles, after the extraction, the extracts and the residues
were very difficult to be separated. The small residues were easy to block the filter paper
during the filtration. To solve this problem, the shaking extracts were usually first filtered
with the larger size of the filter paper two or three times, and Whatman #1 filter paper was
used for the filtration at last.
Another advantage for the Soxhlet extraction method was that the extracts made by
the Soxhlet had more biological activity than the extracts made by the shaking method based
on the biological test by the Project 3 groups. Currently, the extracts of both Echinacea and
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Hypericum that we prepared were usually made by the Soxhlet extraction method for the
whole project.
The reproducibility precision of the Soxhlet and shaking extraction methods were
evaluated by the coefficient of variation (CV) of the constituents in the Echinacea and
Hypericum extracts. Lower CV suggested that more reproducible concentration estimates
and therefore, better precision for the extract method was. The average and standard
deviation for each compound by two extraction procedures are listed in the Table 4.2.
Table 4.2 Reproducibility quality of the Soxhlet extraction and shaking extraction method
Quantified standard
compounds
Echinacea species
Caftaric acid
Chlorogenic acid
Caffeic acid
Echinacoside
Cynarin
Cichoric acid
Alkamide 2
Alkamide 10
Hypericum perforatum
Rutin
Hyperoside
Isoquercitrin
Quercitrin
Quercetin
Chlorogenic acid
Pseudohypericin
Hypericin
x
number of replicate extractions

Reproducibility (x~v ± stdev~,, )
Soxhlet extraction

Shaking extraction

8.30±6.81(3x}
8.42±4.41(6}
8.46±4.80(6)
5.65±3.75(5}
8.95±7.21(2}
6.28±4.04(6)
8.3±5.83(6)
7.9±8.99(4}

5.62±4.42(3}
7.33±3.77(6}
2.38±1.30(4)
6.23±3.14(5)
4.05±2.47(6)
5.99±2.16(6}
5.09±1.41(6)

8.00 ± 5.52 (8)
8.07 ± 3.94 (7)
5.42 ± 2.40 (8)
9.98 ± 2.61(8)
—
4.62 ± 2.86 (2}
9.92 ± 4.72 (8}
5.78 ± 2.69 (8}

7.35 ± 3.86 (4}
7.62 ± 8.18 (4)
10.72 ± 2.48 (2)
19.49 ± 29.92 (4)
—
—
6.40 ± 1.55 (4}
6.15 ± 2.25 (4}

~

From the data in Table 4.2, CV of the constituents in the Echinacea and Hypericum
extracts for both Soxhlet and shaking extraction methods are mostly less than 10%. The CV
of quercitrin is about 20% for the shaking extraction protocol because of the low
concentration of quercitrin in the HypeYicum extract. This range of coefficients of variation

is generally acceptable for food analysis and indicates good precisions of both Soxhlet
extraction and shaking extraction protocols.
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Bergeron et al. (2000) compared two extraction methods, ultrasound method with
70% ethanol for 5 min and Soxhlet extraction method with 100% methanol for 1 h, far the
roots of E. angustifolia and ~. purpu~ea. The E. purpurea extracts made by ultrasonic
extraction contained much higher concentrations of cichoric acid than that made by the
SOxhlet extraction. They concluded that ultrasound method were better than Soxhlet method
either the extraction procedure or the yields of the Echinacea constituents. The
reproducibility was reported with 13.7% of CV for cichoric acid in E. purpurea root and
10.9% of CV for echinacoside in E. angustifolia in their Soxhlet extraction. The CV of
cichoric acid and echinacoside were 6.3% and 5.7%, respectively, for my Soxhlet extraction
method. Therefore, my Soxhlet extraction method was more reproducible.
Anand et al. (2005) reported the comparison of three extraction techniques, Soxhlet
extraction, ultrasonic extraction and accelerated solvent extraction (ASE) for extraction of
hyperforin and hypericin from Hypericum perfoYatum. The biggest yield of extracts was
obtained from the Soxhlet extraction (30%}, while only 26.5% for ASE and 12.3% for the
ultrasonic extraction. The percent of hyperforin in the dried H. pe~fo~atum extracted by
ASE, the Soxhlet extraction and the ultrasonic extraction were 0.6%, 1.32%, and 0.006%,
respectively. 0.04%, 0.097%, and 0.25% of hypericin in dried H. pe~foratum extracted by
ASE, the Soxhlet extraction, and the ultrasonic extraction, respectively, was reported. Their
data suggested that the Soxhlet extraction protocol was the good technique to make H.
pe~foYatum extract.
Smelcerovic et al. (2006) reported the extraction efficiency for I~ peYforatum using
several extraction method, direct sonication, indirect sonication, Soxhlet extraction,
conventional maceration, and accelerated solvent extraction. Six Hypericum constituents,
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hypericin, pseudohypericin, hyperoside, rutin, quercitrin, and hyperforin were quantitatively
determined by HPLC-MS in the extract to compare the different extraction methods (Table
4.3). The direct sonication extracts contained significantly higher concentrations of these
active constituents than any other extracts, followed by the extract obtained by the Soxhlet
extraction methods.
Table 4.3 The concentration of Hypericum constituents (mg/g plant material) extracted by
different extraction methods (Smelcerovic et al., 2006)
Total
Compound
extract
2
4
5
1
3
6
2.95
1.52
319.3
0.51
0.75
0.20
2.79
Direct sonication (60 W, lh}
265.3
2.71
2.85
0.75
1.50
0.17
0.37
Direct sonication (40 W, 1h)
253.4
0.32
0.15
1.78
0.48
0.89
2.29
Soxhlet (24h)
2.04
240.3
1.78
0.42
0.87
0.15
0.28
ASE (40°C, 100 bar}
0.25
1.75
0.37
0.85
238.9
0.15
1.89
Indirect sonication
0.34
1.62
1.78
0.85
229.6
0.13
0.19
Conventional maceration (24h}
Compound: 1, hypericin; 2, pseudohypericin; 3, hyperoside; 4, rutin; 5, quercitrin; 6, hyperforin
Extraction method

Therefore, Soxhlet extraction method seems to be the best choice to make both
~chinacea and HypeYicum extracts for the whole project.

4.3. HPLC Quantitative Analysis of Echinacea and Hypericum Extracts
Two Echinacea HPLC gradients, Echinacea phenolic gradient and Echinacea
alkamide gradient, were developed to analyze Echinacea root extracts. The Echinacea
phenolic gradient was followed from the HPLC analysis of Perry et al. (2001). Six
Echinacea phenolic compounds, caftaric acid, chlorogenic acid, caffeic acid, echinacoside,
cynarin and cichoric acid, can be quantified under this gradient. The HPLC chromatograms
showed the good resolution for the phenolic compounds running this gradient. The
Echinacea alkamide HPLC gradient was a modification of the Bauer et al. (1988a) HPLC
method. Two synthesized alkamides, alkamide 2 and 10, can be quantitatively determined
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using this gradient. Dr. Wurtele's group, as part of Botanical Center, utilized the same
alkamide HPLC gradient and can qualitatively determine most of Bauer's number (Bauer and
Remiger, 1989) alkamides by their HPLC-MS analysis (Lankun, unpublished). The
Echinacea alkamides are well resolved in this gradient. Only two alkamides, alkamide 2 and
alkamide 10, were available for this gradient to make the standard curves, but other
alkamides can be qualitatively determined by comparisons of the UV spectrum and retention
time with Dr. Wurtele's group.
The ~Iypericum flavonoids, and pseudohypericin and hypericin, were analyzed by two
different Hypericum HPLC gradients, Hype~icum flavonoid and ~Iype~icum hypericin HPLC
gradients. The reason of two HPLC analyses was that hypericin and pseudohypericin can not
be detected in Hypericum flavonoid gradient. The quantization of five I~ype~icum
flavonoids, rutin, chlorogenic acid, hyperoside, isoquercitrin, quercitrin and quercetin, along
with one phenolic acid, chlorogenic acid, were quantified under ~IypeYicum flavonoid
gradient. The good resolutions were achieved for Hypericum flavonoids using this gradient.
Pseudohypericin and hypericin were quantified by the ~Iypericum hypericin gradient using
the HPLC method of Li et al. {2001}. Pseudohypericin and hypericin were we11 separated in
this gradient.

4.3.1. Echinacea phenolic analysis
The external standard curves of six Echinacea phenolic acids, caftaric acid,
chlorogenic acid, caffeic acid, echinacoside, cynarin, and cichoric acid, were developed in
the Echinacea phenolic HPLC gradient (Table 4.4)
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Table 4.4 Calibration equations for the standards of Echinacea phenolic acids

R2
0.9994
0.9997
0.9981
0.9989
0.9996
0.9928

Calibration equation
Compound
Y = 16344x + 35852
Caftaric acid
Y = 20385x - 19549
Chlorogenic acid
Y = 34157x + 161333
Caffeic acid
Y = 21075x + 249755
Echinacoside
Y = 7842x + 40902
Cynarin
Y = 26954x + 418328
Cichoric acid
Y is the peak area, and x is standard concentration with unit ug/mL.

HPLC profiles of the Soxhlet 95aIo ethanol extracts for three medicinal Echinacea
species, E. angus~ifolia, E. puYpuYea and ~. pallida, made using 2004 Plant Introduction (PI)
Echinacea roots are shown in Figure 4.3. The mixture of the phenolic acid standards was
always run at same time as the analysis of Echinacea samples. Therefore, these peaks were
identified by the comparison of their retention time and UV spectrum with those of the
known standards.
Figure 4.3 Phenolic acids HPLC chromatograms for three species of 2004 PI Echinacea
roots assayed by Echinacea phenolic gradient
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Peaks were detected by UV absorbance at 330nm. Peaks were identified by comparison of their
retention time and UV spectrum with the known standard. Peak 1: caftaric acid; peak 2: chlorogenic acid; peak
3: Caffeic acid; peak 4: echinacoside; peak 5: Cynarin; peak 6: Cichoric acid. The number of PI (Plant
Introduction) was the identification number named by the cultivators.
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Table 4.5 shows the concentration of the known phenolic compounds in these three
species of Echinacea roots obtained in 2004.
Table 4.5 Concentration of known compounds in 2004 Plant Introduction Echinacea roots
Amount (mg/g dry roots}
E. pallida
E. purpurea
E. angustifolia
~
(PI 631293)
(PI 631307)
(PI 631285}
0.17±0.02
0.44±0.05
Caftaric acid
0.19±0.02
0.34±0.03
0.40±0.03
Chlorogenic acid
0.10±0.01
0.21±0.02
0.10±0.01
Caffeic acid
5.08±0.47
11.08±0.52
Echinacoside
Detectable
cynarin
2.98±0.35
2.68±0.24
Cichoric acid
n=3; Detectable means this compound is present but can not be quantified.

Phenolic compounds

The major phenolic acid was echinacoside in the roots of E. angustifolia and E.
pallida. ~Iowever, cynarin was only found in E. angustifolia, which can be differentiated E.
angustifolia from E. pallida and E. purpuYea. E. pallida also contained high concentration of
cichoric acid. Cichoric acid was the predominant phenolic acid in E. purpurea.
Echinacoside can be as the marker to differentiate E. angustifolia and E. pallida from E.
put~purea, and the presence of cynarin only in E. angustifolia can be distinguished from E.
pallida. Cichoric acid is the characteristic phenolic compound for E. purpuYea. The large
concentration variation of cichoric acid in the dried roots of E. pu~pu~ea has been reported by
several different researchers. Remiger (1989) reported 6 to 21 mg/g of cichoric acid in the
German E. pu~purea roots. The mean concentrations of cichoric acid for two different
harvested times of E. pu~purea were17 and 23 mg/g according to Perry et al. in 2001. Wills
and Stuart (1999) reported their cichoric acid concentration ranging froml .4 to 20 mg/g. The
cichoric concentration of the root of PI 631307 E. purpurea was 2.68 mg/g, which was a
little low but still in the concentration range comparing with other published result.
Perry et al. (2001) reported the concentrations of other caffeic acid derivatives in the
roots of their three .Echinacea species (Table 4.6).
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Table 4.6 Concentration of the caffeic acid derivatives in the roots of three Echinacea
species published by Perry_ et al. (2001)
Phenolic compounds
Caftaric acid
Chloro~enic acid
Echinacoside
Cynarin
cichoric acid

E. angustifolia
<0.1
1.5
10.4
1.2
0.9

Amount (mg/g dry roots)
~. puYpurea
3.5
<0.1
<0.1
<0.1
16.8

~. pallida
0.4
0.3
3.4
<0.1
-

The large concentration with 10.4 mg/g of echinacoside presented in their E.
angustifolia, which was close to 11.08 mg/g of echinacoside in the root of PI 631285 E.
angustifolia. Low concentration of cichoric acid was found in Perry's E. angustifolia, while
cichoric acid was absent from PI 631285 E. angustifolia. The highest concentration of
cichoric acid following with the Caftaric acid was determined in their roots of E. purpurea.
The roots of PI 631307 E. pu~purea had the same trend as theirs. The characteristic phenolic
acids were cichoric acid with 2.68 mgfg and Caftaric acid with 0.44 mg/g, which were quite
low in concentration compared with Perry's data, 16.8 mg/g cichoric acid and 3.5 mg/g
Caftaric acid. The different source of Echinacea root may be variable. Echinacoside was 3.4
mg/g in the root of E. pallida along with little amount of Caftaric acid and chlorogenic acid
according by Perry's result, which was similar concentrations as the root of PI 631293 E.
pallida. However, significant concentration of cichoric acid (2.98 mg/g} was found in our E.
pallida root while cichoric acid was absent in their roots of E. pallida.

4.3.2. Echinacea alkamide analysis
Two alkamides synthesized by Dr. Kraus' lab (Iowa State University), undeeca-2Z,
4E-diene-8, 10-diynoic acid isobutylamide (alkamide 2) and dodeca-2E, 4E, 8Z-trienoic acid
isobutylamide (alkamide 10), were available for the quantification under this HPLC gradient.
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Other alkamide standards were not available to prepare the standard curves. However, the
alkamides can be qualitatively evaluated based on the chromatograms of Bauer et al. (1991)
and the HPLC-MS data of Wu (2004, unpublished). Another synthesized alkamide (Dr.
Kraus' lab, Iowa State University), hydro-alkamide 14, was not found in any Echinacea
species. This alkamide may be utilized as the internal standard under this gradient. The
calibration equations of alkamide 2 and 10 for the HPLC standard curves were shown in
Table 4.7.
Table 4.7 Calibration equations for the standards of Echinacea alkamides
Calibration equation
Compound
Y = 78001x + 74449
Alkamide 2
Y = 26267x - 220661
Alkamide 10
Y is the peak area, and x is standard concentration v~ith unit ug/mL.

R2
0.9982
0.9993

The determination of alkamide was analyzed by Echinacea alkamide gradient.
Typical HPLC alkamide chromatograms for three different Plant Introduction (PI) Echinacea
species, E. angustifolia (PI 631285), E. purpurea (PI 631307) and E. pallida (PI 631293),
were shown in Figure 4.4 to 4.6, and the determination of alkamides by comparing the
retention time and UV spectra of alkamides with the Lankun's data. The concentration of
two alkamides, alkamide 2 and 10 in the roots of these three PI Echinacea species were
indicated in Table 4.9.
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Figure 4.4 The chromatogram of alkamides of E. angustifolia (PI 631285) root extract
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Peaks were detected by LTV absorbance at 210 and 260nm. The major peak spectrum was shown. The
names of alkamides were followed Bauer's alkamide number naming system (Bauer and Remiger, 1989).

The predominant alkamides in E. angustifolia extract were alkamide 8, 9, 12, 13, and
14. Alkamides 12, 13, and 14 have similar spectra with the highest absorbance wavelength at
210 nm. These three alkamides only contain one double bond in their hydrocarbon chain.
The spectra of alkamide 8 and 9 are similar with two maximum absorbances at wavelengths
230 and 260 nm, and the hydrocarbon chains of these two alkamides have four double bonds.
The HPLC profile in figure 5.4 for the alkamide of E. angustifolia roots was very similar as
the chromatogram of B auer and Wagner (1991). The elution of the alkamides followed the
same sequence. Bauer et al. (1989) reported that the isomeric dodeca-2~, 4~, 8Z, 10~/Ztetraenoic acid isobutylamide (alkamide 8/9) is the main alkamides in the root of E.
angustifolia. Other alkamides, dodeca-2E, 4E-dinoic acid isobutylamide (alkamide 11),
undeca-2E-ene-8, 10-diynoic acid isobutylamide (alkamide 12), undeca-2Z-ene-8, 10-diynoic
acid isobutylamide (alkamide 13), and dodeca-2E-ene-8, 10-diynoic acid isobutylamide
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(alkamide 14) were also major alkamides in the root of E. angustifolia. The identification of
Echinacea alkamides were successfully undertaken by Dr. Wurtele's group through their
assay of HPLC-MS, and their HPLC gradient was as same as our Echinacea alkamide HPLC
gradient. Although only two alkamides, alkamide 2 and 10 were available for us to develop
the external standard curves under Echinacea alkamide HPLC gradient, other alkamides can
be qualitatively determined by comparing the chromatograms between Dr. Bauer' s and Dr.
Wurtele's with ours and the peak retention time and spectrum between Dr. Wurtele's and
ours.
Figure 4.5 The chromatogram of alkamides of E. purpurea (PI 631307) root extract
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Peaks were detected by UV absorbance at 2 ~ o and 260nm. The major peak spectrum was shown. The
names of alkamides were followed Bauer's alkamide number naming system (Bauer and Remiger, 1989).

The HPLC chromatograms in Figure 4.5 showed the most predominant alkamides in
E. pu~pu~ea root have the similar spectra with the maximum absorbance at 260 nm, including
alkamide 1, 2, 3, 5, 6, and 7. Alkamide 8 and 9 are major alkamides in E. purpu~ea roots
with the maximum absorbance at wavelength 230 and 260 nm. Bauer et al. (1988) reported
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that 11 alkamides were found in the root of E. purpurea. The major alkamides, undeca-2E,
4Z-diene-8, 10-diynoic acid isobultylamide (alkamide 1), undeca-2Z, 4E-diene-8, 10-diynoic
acid isobultylamide (alkamide 2), dodeca-ZE, 4Z-diene-8, 10-diynoic acid isobultylamide
(alkamide 3), dodeca-2E, 4E, l0E-trien-8-ynoic acid isobutylamide (alkamide S), dodeca-2E,
4E-diene-8, 10-diynoic acid 2-methylbutylamide (alkamide 7), and dodeca-2E, 4E, 8Z,
l0E/Z-tetraenoic acid isobutylamide (alkamide 8/9) were identified in the root of E.
purpurea.

Figure 4.6 The chromatogram of alkamides of E. pallida (PI 631293) extract
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Peaks were detected by UV absorbance at 210 and 260nm. The major peak spectrum was shown. The
names of alkamides were followed Bauer's alkamide number naming system (Bauer and Remiger, 1989).

Alkamide 2 was only identified alkamide in the root of PI 631293 E. pallida. Bauer
et al. (1988b) showed that the HPLC fingerprints of E. pallida were completely different with
that of E. angustifolia. Alkyl ketones were the main lipophilic constituents in the roots of E.

pallida, unlike the roots of E. angustifolia and E. purpurea mainly characterized by the
presence of alkamides. Due to lack of these a1ky1 ketones standards, these peaks can not be
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qualitatively defined. The retention time and UV spectra of these unknown peaks were
shown in the above chromatogram. The identification of these unknown peaks have been
undergoing by Dr. Wurtele's group using their assay of HPLC-MS.
The concentrations of alkamide 2 and 10 in the root of three species of PI Echinacea
were presented in the Table 4.8.
Table 4.8 Concentration of known alkamides in 2004 PI Echinacea roots
Phenolic compounds
Alkamide 2
Akkamide 10
n=3

E. angustifolia
(PI 631285}
0.10±0.01
1.29±0.04

Amount (mg/g dry roots)
E. purpurea
(PI 631307}
0.25±0.00
0.07±0.02

E. pallida
(PI 631293}
0.24±0.02
-

The concentrations of the specific alkamide in Echinacea species roots were few in
the publications. Molgaard et al. (2003} showed 0.77±0.31 mg/g of alkamide 2 in their dried
E. purpurea roots. The alkamide 2 concentration in PI631307 E. purpurea roots was Tower
than Molgaard's data. The different source of Echinacea roots may account for the different
concentration of alkamide 2 between our data with Molgaard's data. Alkamides and alkyl
ketones are difficult to synthesize or purify. Only few commercial alkamides are available in
the market. Few papers reported the concentrations of specific alkamides in Echinacea
species. So far, only alkamides 2 and 10 were available for our Tab to establish the standard
HPLC curves for the quantification. The additional alkamides will be synthesized by Dr.
Kraus' lab for the future quantification of the other available alkamides.
4.3.3. Hype~icum flavanoids analysis
Five Hypericuyn flavonoids, rutin, quercitrin, isoquercitrin, hyperoside, and quercetin,
and one phenolic acid, chlorogenic acid were quantified using the Hypericum flavonoid
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gradient. The calibration equations of the standard curves for these constituents under the
HypeYicum flavonoid HPLC gradient were listed in Table 4.9.
Table 4.9 Calibration equations of the standards for Hyper~icum flavonoid gradient
Compound
Calibration equation
chlorogenic acid
Y = 53283x - 824503
Rutin
Y = 28141x + 322610
Hyperoside
Y = 61901x - 761443
Isoquercitrin
Y = 29120x + 215674
Quercitrin
Y = 52239x + 100411
Quercetin
Y = 51365x + 604966
Y is the peak area, and x is standard concentration with unit ug/mL.

RZ
0.9982
0.9708
0.9996
0.9909
0.9989
0.9630

The chromatograms of the Soxhlet 95% ethanol extracts two of different accessians
of Plant Introduction, common and PI 325351, Hype~icum plants are shown in the Figure 4.7.
The mixture of six standards, chlorogenic acid, rutin, hyperoside, isoquercitrin, quercitrin,
and quercetin were always employed to the Hypericum flavonoid gradient when the
HypeYicum samples were analyzed.
Figure 4.7 The chromatogram of flavonoids of common and PI 325351 accessions of
Hypericum extract
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The chromatograms were obtained from the Hyperieum flavonoid HPLC gradient. Peaks were
detected by UV absorbance at 320nm. Peaks were identified by comparison of their retention time and Uv
spectrum with the known standard. Peak 1: chlorogenic acid; peak 2: rutin; peak 3: hyperoside; peak 4:
isoquercitrin; peak 5: quercitrin; peak 6: quercetin.
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Chlorogenic acid was only found in the common accession root of Hypericum, while
this constituent was lost in the PI 325351 accession plants of Hypericum. The concentration
of known flavonoids in common and PI 325351 accessions of Hypericum plants are shown in
Table 4.10.
Table 4.10 Concentration of known compounds in common and PI 325351 accessions of
Hypericum plants
Amount (mglg dry plants)
Hypericum
HypericLcm
(common)
(PI 325351}
Rutin
58.8±1.1
128.0±2.3
53.1±0.5
Chlorogenic acid
4b.3±0.3
Hyperoside
31.7±0.1
Isoquercitrin
41.5±0.5
~ 35.1±0.4
Quercitrin
10.3±Q.1
5.4±0.1
~
Quercetin
Detectable
Detectable
n=3; Detectable means this compound is present but can not be quantified.

Phenolic compounds

The concentrations of flavonoids for these two accessions, common and PI 325351
are very different. The concentration of rutin in PI 325351 accession Hypericum is two times
bigger than that of common accession. High concentration of Chlorogenic acid was detected
in common accession, but this constituent did not present in PI 325351 Hypericum plants.
The concentrations of the other quantified flavonoids, hyperoside, Isoquercitrin and
quercitrin were in the same range for these two accessions of Hypericum plants. The
different accessions of Hypericum came form the different original source of Hypericum
plant, and this may account for the variations of the concentrations of known constituents.

4.3.4. ~ype~icum pseudohypericin and hypericin analyses
Pseudohypericin and hypericin can be quantitatively determined by the Hypericum
hypericin gradient. The calibration equations of pseudohypericin and hypericin are listed in
Table 4.11.
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Table 4.11 Calibration equations of the standards for Hypericum flavonoid gradient
Calibration equation
Compound
Y = 19699x - 5030
Pseudohypericin
Y = 28859x - 11727
Hypericin
Y is the peak area, and x is standard concentration with unit ug/mL.

R2
0.9999
0.9767

Figure 4.8 shows the chromatograms of two accessions, common and PI 325351,
Hypericum extracts analyzed by Hype~icum hypericin HPLC gradient. The pseudohypericin
and hypericin were determined by the comparison with the retention time of the standards.
Figure 4.8 The chromatograms of pseudohypericin and hypericin for common and PI
325351 accessions of Hypet~icuyn extracts
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The chromatograms were obtained from the Hypericum hypericin HPLC gradient. Peaks were
detected by UV absorbance at 580nm. Peaks were identified by comparison of their retention time and UV
spectrum with the known standard.

The concentrations of pseudohypericin and hypericin in the plants of common and PI
325351 Hype~icuyn were listed in Table 4.12.
Table 4.12 Concentration of pseudohypericin and hypericin in common and PI 325351
accessions of Hyper~icum plants
Phenolic compounds
Pseudohypericin
Hypericin
n=3

Amount (mg/g dry plants)
Hypericum
Hypericum
(common)
(PI 325351}
7.2±0.1
3.7±0.1
3.6±0.0
2.1±0.0
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The concentration of pseudohypericin and hypericin were different in the plants of
common and PI 325351 accessions Hypericum. The higher concentrations of
pseudohypericin and hypericin were found in common accession than that in PI 325351
accession Hypericum plants. The 7.2 mg/g of pseudohypericin and 3.6 mg/g of hypericin
were found in common accession Hypericum plant, while 3.7 mg/g of pseudohypericin and
2.1 mg/g of hypericin was present in PI 325351 accession Hypericum plants. Maori and
Pietta (2000) quantified the concentration of hypericin and pseudohypericin in seven
different commercial Hypericum extracts. The concentration range of hypericin was 1.1 to
1.5 mg/g, and the concentration of pseudohypericin was about 3 times higher than that of
hypericin. The concentration of hypericin and pseudohypericin of the common and PI
325351 accession of Hypericum was close to Maori's data.
4.3.5. The precision of HPLC analyses
The repeatability precision of the HPLC analyzed data was evaluated by estimating
the average, standard deviation of the coefficient of variation by the quantified constituents
of Echinacea and Hypericum extracts. Table 4.13 shows these HPLC repeatability data of
the reference Echinacea and Hypericum standards.
Table 4.13 The quality of HPLC analyzed data
Quantified standard compounds
Echinacea

Repeatability (.xCv ± stdev~„ )

Caftaric acid
Chlorogenic acid
Caffeic acid
Echinacoside
Cynarin

3.32±2.32(12x)
2.27±2.59(18)
2.69±2.25(18)
1.02±1.19(18)
1.54±1.05(6)

Alkamide 2
Alkamide 10

2.16±3.47(18)
1.67±2.48(12}

Cichoric acid

Hypericum

Rutin

0.88±0.85(18)

1.52 ± 0.99 (12 )
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Table 4.13 Continued

Hyperoside
Isoquercitrin
Quercitrin
Quercetin
Chlorogenic acid
Pseudohypericin
Hypericin
a number of replicate HPLC data

1.19 ± 0.43 (12)
2.17 ± 1.51 (12)
7.21 ± 10.26 (12)
—
—
3.96 ±2.46 (12}
3.94 ± 1.61 (12)

The coefficient variations of the quantified Echinacea and Hyperieunc standards are
almost less than 5°Io. The larger CV of quercitrin (7.21%) was obtained because of the low
concentration of quercitrin in the analyzed Hypericum samples. The range of coefficient
variations for the analyzed Echinacea and Hypericum standards was very small and indicated
good precision of the HPLC analyses for all of reference standards. .

4.4. Fractionation of Hypericu perforatum Extract
The fractionation of Frontier Herb Hypex~icum extract was requested by Dr. Birt's
group for their cytotoxicity test. The HypericuYn extract was performed in order to separate
the classes of compounds according to hydrophobicity and determined which group of
compounds possessed the great toxicity.
The Soxhlet 95% ethanol HypeYicum extract was employed the sequential
fractionation using a C18-affinity cartridge and eluded with increasing increments of

acetonitrile in water. All of elutions were qualitatively analyzed by HypeYicuYn flavonoid and
hypericin HPLC gradients. Three fractions, flavonoid fraction, pseudohypericin fraction, and
hypericin fraction, were finally selected for the biological test based on the different group of
compounds presented in the elution. The HPLC profiles of these three fractions were shown

as following figures.

~g
Figure 4.9 The chromatograms of Hype~-icujn flavonoid fraction
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Panel A was analyzed by Ilypericum flavonoid HPLC gradient detected at 320nm. Panel B was
analyzed by I~ypeYicum hypericin HPLC gradient detected at 580nm.

The flavonoid fraction was eluted with 20% acetonitrile elution and had a light
brown-yellow color. No pseudohypericin and hypericin were found in this fraction. This
fraction was determined to cause 50-60% reduction in cell growth at the concentration of 209
ug/mL.
Figure 4.10 The chromatograms of ~Iypericum pseudohypericin fraction
Pseudot -~ypericin fraction
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Panel A was analyzed by Hypericum flavonoid HPLC gradient detected at 320nm. Panel B
was analyzed by I~ypet~icum hypericin HPLC gradient detected at 580nm.
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The pseudohypericin fraction comprised of the elutions of 25, 27, 30 and 40%
acetonitrile with red color. The pseudohypericin was shown in this fraction, while some
flavonoids were still presented. The pseudohypericin fraction exhibited significantly more
cytotoxicity (20% survival) at 320 ug/mL.

Figure 4.11 The chromatograms of Hypericum hypericin fraction
Hypericin fraction
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Panel A was analyzed by Hypericum flavonoid HPLC gradient detected at 320nm. Panel B was
analyzed by Hypericum hypericin HPLC gradient detected at 580nm.

The hypericin fraction was the combination of 50, 60 and 70% acetonitrile elutions
with red-color. Hypericin was the main constituent in this fraction with little concentration
of flavonoids and pseudohypericin. The hypericin fraction performed almost 99% cell

growth reduction at l 94 ug/mL.

4.5. Stability of Alkamides in E. purpurea Extracts
The stability of the constituents in extracts of Echinacea and Hypericum is very
important because their medical activities are determined by their constituents. The

biological activities of both Echinacea and Hypericum have been tested for over four years.
Echinacea and Hypericum extracts that were made at the very beginning of Echinacea and
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HypeYicum study are still being used for biological testing by the laboratories in Project 3,
part of Iowa Botanical Center which determined the bioactivity of Echinacea species and
Hype~icum perfo~atum. How stable the Echinacea and Hypericum extracts are becomes a
concern to the research center, especially that of project 3. However, little research has been
done on the stability of the individual constituents in the Echinacea and Hype~icum.
Alkamides are the characteristic components in the root of E. angustifolia and E. pu~pu~ea,
while the polyacetylenes are the major Iipophilic compounds in the root of E. pallida (Bauer
and Wagner, 1991). Since Project 3 was interested in the alkamide constituents of
Echinacea, which seem to have the biological activity, the objective was to determine the
stability of these alkamides.

The alkamides are compounds that are very similar to

medium-chained fatty acids, but with carboxylic acids of fatty acids replaced with the
isobutyl amide. The medium-chained hydrocarbon portion of these alkamides contains one
or more double bonds and some have one or two acetylene bonds. No alkamides are
saturated (Bauer and Remiger, 1959). As a result, alkamides should be prone to oxidation,
especially in an environment rich in oxygen. Therefore, the stability of this class of
compounds may be very important for the biological evaluation of Echinacea species.
E. pu~purea was chosen as the species from which these alkamides were extracted
because it is the most commonly used Echinacea species in the study of Botanical.. Center and
in the herbal supplements' industry and its alkamides are quite similar to E. angustifolia.
The roots of E. pu~purea used in this stability study were recently harvested and should have
significant amounts of alkamides. Due to the numerous constituents of Echinacea and
HypeYicum extracts; and due to the time-consuming nature of this accelerated shelf-life test,
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only one class of compounds (alkamides) of one species of herb (E. purpu~ea) was studied
for its stability.
The thiobarbituric acid reactive substances (TBARS) assay (AQCS official method cd
19-90, 1993) was first tried to detect the oxidation of the whole extracts of E. purpurea. E.
puYpuYea extract did not generate TBARS compared with the control. The reason may be
that the amount of alkamides was too low for the TBARS test. The roots from E. puYpurea
were reported to contain only 0.01-0.04% alkamides (Barnes et al., 2004), therefore, my
extracts should contain high concentrations of alkamides. In addition to no TBARs
formation, even thought the extract of .E. pu~pu~ea was kept at room temperature for a week,
the major alkamides did not vary as analyzed with HPLC.
Accelerated shelf-life testing of alkamides in the extract of E. purpurea root was
selected to determine their own stabilities according to Taoukis and Labuza's method (1996}.
The E. purpurea extracts were incubated in accelerated storage temperatures of 70°C, 80°C
and 90°C. The eight predominant alkamides in E. puYpuYea extracts( Figure 4.12), undeca2E, 4Z-diene-8, 10-diynoic acid isobutylamide (alkamide 1), undeca-2Z, 4E-diene-8, 10diynoic acid isobutylamide (alkamide 2}, dodeca-2E, 4Z-diene-8, 10-diynoic acid
isobutylamide (alkamide 3), dodeca-2E, 4E, l0E-trien-8-ynoic acid isobutylamide (alkamide
5), trideca-2E, 7Z-diene-10, 12-diynoic acid isobutylamide (alkamide 6), dodeca-2E, 4Ediene-8, 10-diynoic acid 2-methylbutylamide (alkamide 7), dodeca-2E, 4E, 8Z, l0Etetraenoic acid isobutylamide (alkamide 8), and dodeca-2E, 4E, 8Z, lOZ-tetraenoic acid
isobutylamide (alkamide 9), were monitored for the loss over the three storage temperatures.
The eight alkamides were chosen as they are the major alkamides found in E. purpu~ea
extract. The changes of peak areas for the alkamides were measured using the Echinacea
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alkamide HPLC gradient. Peak areas, which were directly proportional to the concentration
of specific constituents, were obtained for major alkamides in E. purpurea. The changes in
peak area of each alkamide were monitored by HPLC with 10-day incubation.
Figure 4.12 Chemical structures of the predominant alkamides in the extract of E. purpurea
(Bauer and Remiger, 1989).

The phenolic compounds in E. purpurea may act as antioxidant to prevent the
degradation of the alkamide. To deternune the effect of phenolic compounds on the
oxidation of the alkamides, the silica cartridge was used for the separation of the phenolic
compounds from the alkamides to prepare the phenolic-poor E. purpurea extract. Perry et al.
(2001) indicated that cichoric acid was the major phenolic compound in the E. purpurea root.
The radical scavenging capabilities of three Echinacea species and the different phenolic
compounds were determined by Pellati et al. (2005). According to Pellati et al., E. purpurea
extracts had greater antioxidant activity than extracts of E. angustifolia and E. pallida and
also both echinacoside and cichoric acid had larger radical scavenging activities than other

known phenolic compounds in Echinacea extracts. Dalby-Brown et al. (2005) also reported
that cichoric acid had the largest antioxidant activity among the caffeic acid derivatives and
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that the alkamide fraction in E. purpurea extract did not have antioxidant activity unless
cichoric acid was added. Therefore, our first hypothesis was that the phenolic compounds
may prevent the oxidation of the alkamides in E. purpurea extracts. Figure 4.13 shows the
HPLC profiles for the phenolic-rich E. purpurea extract and phenolic-poor E. purpurea
extract at the beginning of the stability study.
Figure 4.13 HPLC profile of E. purpurea extracts at time zero
330nm (Echinacea phenolic gradient)
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Graph A and C are the HPLC chromatograms of the phenolic-rich E. purpurea extracts. Graph B and
C are the HPLC chromatograms of the phenolic-poor E. purpurea extracts. The chromatograms A and B show
the phenolic compounds in E. purpurea using the Echinacea phenolic HPLC gradient with the detection of 33a
nm. The major known phenolic compounds are indicated. The chromatograms C and D show the alkamides of

E. purpurea using the Echinacea alkamide HPLC gradient. HPLC profiles of these alkamides follow Bauer's
alkamide number naming system (Bauer and Remiger, 1989).
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Figure 4.13 show that the phenolic-rich extract contains high levels of both phenolics
and alkamides. However, the phenolic-poor extract had as high levels of alkamides as the
phenolic-rich extract, but only a small amount of phenolics. The Y-axis for phenolic-rich
and phenolic-poor extract are quite different in the phenolic HPLC profile, with 3000 mAu
for phenolic-rich extract and only 60 mAu for phenolic-poor extract, which indicates most of
phenolic compounds were removed from the phenolic-poor extract. The Y-axis in the
alkamide HPLC profiles were 1900 mAu for phenolic-rich extract and 1700 mAu for
phenolic-poor extract, respectively, which means both phenolic rich or poor extracts
contained the similar level of alkamides.
Two storage conditions, dry extracts and extracts in dimethyl sulfoxide (DMSO),
were used to determine the degradation of the alkamides in E. puYpurea extracts. The thinfilm of dry extracts had more surface area than that of DMS~ extract. So, it should be
exposed to more oxygen than the extract in DMSo. Therefore, the second hypothesis of this
study was that the alkamides in dry E. purpuYea extract would degrade faster than those in
DMSO extract. The reason we chose DMSo as the solvent was that the bailing point which
is 189°C resulting in the minimum of evaporation occurring when the extracts were
incubated under high temperature ovens for ten days. Additionally, half of Project 3 groups,
Dr. Birt's group and Dr. Carpenter's group, used the Echinacea extracts dissolved in DMSo.
Therefore, I needed to evaluate the alkamide stability in solution.
The data for the disappearance of alkamide 2 is shown as example to determine the
apparent reaction rate order, and to calculate the degradation rate constant and half-life for
the alkamides in this stability study (Labuza et al., 1982 & 1985).
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Figure 4.14 Evaluation of the degradation rate of alkamide 2 @ 90 °C
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Panel A presents the zero-order reaction by plotting peak area versus time. Panel B presents the firstorder reaction by plotting In (peak area} versus time. The linear regression line and its linear function were
given for both graphs; the negative of slope was the rate constant at the given temperature. n = 2.

Most shelf-life data for change in a quality attribute, if based on a characteristic
chemical reaction or microbial growth, follow zero-order or first-order kinetics (Taoukis and
Labuza, 1996). Zero-order reaction assumes that the amount of the compound changes
linearly over time; while first-order reaction assumes a linear relationship between Logarithm
of amount of compound and time. One question regarding to alkamides degradation is which
reaction order they follow. We tested both zero-order and first-order kinetics using
alkamides degradation data. Two linear regressions were done: one is the linear regression
of peak area on time, and the other is the linear regression of In (peak area) on time. In
Figure 4.14, the fitted regression lines and Res are shown for zero-order and first-order
reaction of alkamide 2 degradation at 90~C. Apparently, the fitted regression line for first-

order reaction matched the data better. The regression of first-order reaction also has bigger
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R2. This evidence indicated that the degradation of alkamide 2 at 90°C followed an apparent
first-order degradation reaction, rather than zero order kinetics. The other alkamides we
tested had the same degradation pattern as that of alkamide 2 at different temperatures.
Therefore, the degradation of alkamides followed apparent first-order reaction rate kinetics.
The slope of the linear regression line is the negative of the apparent degradation rate
constant (k}. The rate constant of each alkamide at three high temperatures in dry E.
purpuYea extracts and in DMSO extracts are shown in the Figure 4.15 and 4.16, respectively.
Figure 4.15 Apparent degradation rate constants of alkamides in dry E. purpu~ea extracts
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Symbol "~" indicate that the degradation rate constant of alkamide is not significantly different from
zero at selected temperature; Symbol "+" indicate that the degradation rate constant of alkamide without
phenolics is significantly different from that with phenolics at selected temperature; Same small letter means
that the degradation of alkamides is not significantly from each other, and different small letter means that the
alkamides degrade significantly different from each other, with "a" degraded fastest and "c" degraded slowest.

Most of rate constants of alkamides are significantly different from zero, which
means most alkamides significantly degraded at 70, 80, and 90°C in dry ~. pu~purea extracts.
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The degradation rate constants of all alkamides from each other were compared by Tukey's
multi-comparison method. Based on Figure 4.15, in phenolic-poor dry E. purpurea extract,
the degradation rate constant of alkamide 1, alkamide 2, alkamide 6, alkamide 7, alkamide 8
and alkamide 9 were not significantly different from each other; alkamide 2, alkamide 5,
alkamide 6, alkamide 7, alkamide 8 and alkamide 9 did not degrade significantly from each
other; the degradation rate constants of alkamide 3, alkamide 5 and alkamide 7 were not
statistically different. In phenolic-rich dry E. puYpurea extract, alkamide 1, alkamide 2 and
alkamide 6 degraded significantly faster than alkamide 3, alkamide 5, alkamide 7, alkamide 8
and alkamide 9. If the effect of the phenolics were not considered, the rate constants of
alkamide I , alkamide 2, and alkamide 6 were not significantly different; similarly alkamide
3, alkamide 5, and alkamide 7 did not degrade significantly different from each other. The
differences between alkamide 1, alkamide 2, and alkamide 6 with alkamide 3, alkamide 5,
and alkamide 7 were significant. Alkamide 8 and alkamide 9's degradation rate constants
were not significantly different. Alkamide 8 degraded significantly slower than alkamide 1,
alkamide 2, and alkamide 6; while alkamide 9 degraded significantly faster than alkamide 3
and alkamide 5. The differences in degradation rates of alkamides may be due to their
different structures. The end of the fatty acid chains for alkamide 1, alkamide 2, and
alkamide 6 is hydrogen atom, while the methyl group replaces the hydrogen atom for
alkamide 3, alkamide 5, alkamide 7, alkamide 8 and alkamide 9 at the end of the
hydrocarbon chains. Alkamide 8 and alkamide 9 are isomers containing four double bonds,
which should degrade faster than the alkamides with fewer doubles bonds. Alkamide 5 has
three double bonds and any other observed alkamide only has two double bonds in its
medium-chained hydrocarbon portion. However, alkamide l , alkamide 2 and alkamide 6
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with the bigger degradation rate constants have only two double bonds in their mediumchained hydrocarbon portion. The position of acetylene bonds seems to have more effects on
the alkamide degradation than the number of double bonds.
The degradation rate constants of alkamide 1, alkamide 2 and alkamide 6 in phenolicpoor extracts are not as one and half big as that in phenolic-rich extracts, while the
degradation rate constants of other observed alkamides in phenolic-poor extracts are at least
three times bigger than that in phenolic-rich extracts. The phenolic compounds seemed to
have more effects for the degradations of alkamide 3, alkamide 5, alkamide 7, alkamide 8
and alkamide 9 than the degradation of alkamide 1, alkamide 2 and alkamide 6 in these two
different storage conditions.
Our first hypothesis was that phenolic compounds may prevent the oxidation of the
alkamides and therefore decrease the degradation rate of alkamides. The analysis of phenolic
effect on rate constant was performed using an analysis of variance (ANOVA) model with
main effects of alkamide species (alkamide 1 alkamide 9), temperature (70, 80, 90 °C),
phenolic (yes or no), and their interactions. The differences of least squares mean rate
constants between in phenolic-rich and phenolic-poor E. pu~purea extracts were calculated
from this model. For each alkamide at each temperature in dry E. purpurea extracts, the
least squares mean degradation rates of with phenolic acids were smaller than those without
phenolic acids in DMSO E. pu~pu~ea extract. The significances of those differences for dry
E. purpurea extracts are listed in Table 4.14.
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Table 4.14 The effects of phenolic acids on the degradations of alkamides in dry E. purpurea

extracts

Alkamide

70°C

Temperature

80°C
+
+

90°C
+
+
+
+
+
+
+
+

Across aII

temperature
+
+
+
+
+
+
+
+

Alkamide 1
Alkamide 2
Alkamide 3
Alkamide 5
Alkamide 6
Alkamide 7
Alkamide 8
Alkamide 9
- Not significant at P < 0.05; +significant at P < 0.05 between in phenolic-rich and in phenolic-poor E.

purpurea. "Across all temperature" means that the comparison of the degradations of alkamides did not
consider the temperature effect.

Table 4.14 shows that the presence of phenolics had the significant effect for all
alkamide degradation rates at 90 °C. The rate constants for alkamide 8 and alkamide 9 were
significantly different between in the dry phenolics-poor and phenolics-rich E. purpurea
extracts at 80 °C. All of observed alkamides degraded faster in phenolic-poor extracts than
that of phenolic-rich extracts. If we only considered the effect of phenolic compounds and
omit the temperature effect, the rate constants for all alkamides were significantly different in
presence of phenolics compounds than without phenolic compounds. These results indicated
that, in dry ~. purpurea extracts, the alkamides degraded significantly slower with the
presence of phenolic acids than without phenolic acids. These data supported my hypothesis:
the phenolic compounds acted as antioxidants to prevent the oxidation of alkamides in the
dry ~. purpurea extracts.

7Q

Figure 4.16 The degradation rate constants of alkamides in DMSO E. pu~purea extracts
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Symbol "~=" indicate that the degradation rate constant of alkamide is not significantly different from
zero at selected temperature; Symbol "+" indicate that the degradation rate constant of alkamide without
phenolics is significantly different from that with phenolics at selected temperature; Same small letter means
that the degradation of alkamides is not significantly from each other, and different small letter means that the
alkamides degrade significantly different from each other, with "a" degraded fastest and "c" degraded slowest.

Figure 4.16 shows that the rate constant of each alkamide at three high temperatures
in DMSO E. purpurea extracts. All degradation rate constants of alkamides were
significantly different from zero in phenolic-rich DMSO E. puYpurea extracts. However,
most of the alkamides degradation rate constants were not significantly different from zero in
phenolic-poor DMSO E. pu~purea extracts, which means the alkamides were very stable in
this condition. Using same Tukey's multi-comparison method compares the degradation rate
constants of all alkamides from each other in DMSO E. pu~puYea extract. In phenolic-poor
DMSO extract, alkamide 9 was significantly degraded faster than any other alkamides. In
phenolic-rich DMSO extracts, the differences of the degradation rate constants for alkamide
1, alkamide 2, alkamide 6, alkamide 8 and alkamide. 9 were not significant; the rate constants
of alkamide 1, alkamide 2, alkamide 7 and alkamide 8 were not significant different;
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Alkamide 3, alkamide 5 and alkamide 7 did not degrade significantly different. If the effect
of the phenolics was not considered, the results from Tukey's multiple comparison showed
that alkamide 6, alkamide 9 and alkamide 2 degraded significantly faster than alkamide 3,
alkamide 5 and alkamide 7; Alkamide 1 and alkamide 8's rate constants were significantly
different from alkamide 3 and alkamide 5; while alkamide 1 and alkamide 8 did not degrade
significantly from alkamide 7. The presence of the hydrogen atom (not the methyl group) at
the end of the medium-chained hydrocarbon portion and the number of the double bonds in
the hydrocarbon chains of alkamides seems like to accelerate the degradation of the
alkamides. With the increase of temperature, the number of double bonds became more
dominant in affecting degradation rate than the hydrogen atom in DMSO extracts.
The assessment of the phenolic acids effects on the degradation of the observed
alkamides in DMSO E. purpurea extracts was adopted the same ANOVA model as for dry E.
puYpuYea extracts. The differences of least squares mean degradation rate constants between
phenolic-rich and phenolic-poor extracts were calculated and the significances of those
differences are listed in Table 4.15.
Table 4.15 The effects of phenolic acids on the degradations of alkamides in DMSO E.
pur-pu~ea extracts
Temperature
Across all
temperature
80°C
70°C
90°C
+
+
+
+
Alkamide 1
+
+
+
+
Alkamide 2
+
Alkamide 3
+
5
+
Alkamide
+
+
+
+
Alkamide 6
+
+
Alkamide 7
+
+
+
Alkamide 8
+
+
+
+
Alkamide 9
- Not significant at P < 0.05; +significant at P < 0.05 between in phenolic-rich and in phenolic-poor E.
purpurea. "Across all temperature" means that the comparison of the degradations of alkamides did not
consider the temperature effect.
Alkamide
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A majority of the degradation rate constants of the alkamides were significantly
affected by the phenolic compounds at these three temperatures in DMSO E. purpurea
extracts. For each alkamide at each temperature in DMSO E. purpurea extracts, the least
squares mean degradation rates of the observed alkamides with phenolic acids were larger
than those without phenolic acids, which means that alkamides degraded faster in phenolicrich DMSO extracts than phenolic-poor DMSO extracts. These data contradict my
hypothesis about phenolic acids preventing the oxidation of alkamides. The reason for this
phenomenon was still unknown. Apparently, phenolic acids had different effects on the
degradation of alkamides in dry extracts and DMSO E. purpurea extracts. The phenolic
acids may have the different forms in dry and DMSO E. purpurea extracts. The change of
the phenolic acids in E. purpurea extracts was not observed. Since the degradations of the
alkamides were faster in dry E. purpurea extracts than in DMSO extracts, which was
discussed in the following paragraph, the formation of the phenolic acids in DMSO seems to
be more antioxidant than the forms of the phenolic acids in dry E. purpurea extracts.
The alkamides was exposed to the unlimited oxygen in dry E. purpurea extract, while
the less oxygen content was present in DMSO, in which the concentration of oxygen is 1.57
.4
x 10 moles/mole (Jacob et al., 1971}. Thus, the degradation of alkamides may behave
different ways in dry and DMSO E. purpurea extracts. Another possible reason for
alkamides which degraded faster in phenolic-rich DMSO E. purpurea extract than phenolicpoor DMSO E. purpurea extract was that the oxygen may have the different solubility in
phenolic-rich DMSO E. purpurea extract and phenolic-poor DMSO E. purpurea extract.
The presence of phenolic compounds may cause lower solubility of oxygen than absence of
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phenolic compounds in DMSO. Thus, the alkamides degraded faster in phenolic-rich DMSO
E. purpurea extract than in phenolic-poor DMSO E. purpurea extract.
My second hypothesis was that the alkamides in dry E. purpurea extracts degraded
faster than those in DMSO extract. This hypothesis was tested using an ANOVA model with
terms for store condition (dry, DMSO), alkamide species (alkamide l~alkamide 9),
temperature (70, 80, 90 °C), phenolic acids (+ or -), and their interactions. The alkamide
degraded significantly faster in the dry E. purpurea extracts than in DMSO extracts. The
store condition affects the alkamide degradation significantly when considering each
alkamide separately. The least squares (LS) mean rate constants of alkamide in dry extracts
were significantly larger than in DMSO extracts as shown in Table 4.16.
Table 4.16 The effects of store conditions for the rate constant in E. purpurea extracts
Alkamide
Alkamide 1

Alkamide 2
Alkamide 3
Alkamide 5
Alkamide 6
Alkamide 7
Alkamide 8
Alkamide 9

Difference of least square mean rate
constants (Dry -DMSO}

significance

0.07685
0.07014
0.01604
0.02233
0.06193
0.02487
0.03676
0.03404

+
+
+
+
+
+
+
+

+ Significantly different for the alkamide degradation rate constant between dry and DMSO E.
purpuYea extract at P < 0.05.

Table 4.16 showed the alkamides degraded fast in dry L~. purpurea extract than in
DMSO extract, which verified our second hypothesis that the alkamides degraded faster in
dry extracts than in DMSO extracts probably because of more exposure to oxygen in dry
extracts.
According Taoukis and Labuza (1996), the Arrhenius equation shows the
interrelation of the temperature and the rate of chemical reaction.
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Arrhenius equation: k = kA exp(-EA/RT)

(4.2)

In Arrhenius equation, kA is the Arrhenius equation constant; EA is the activation
energy in joules or calories per male; T is absolute temperature in °Kelvin; R is the universal
gas constant (8.3144 J/mol • K or 1.9872 cal/mol • K}. If values of the rate constants are
obtained at the different temperatures, a linear relationship between In k and reciprocal
absolute temperature (1/T) can be obtained with the slope of -EA/RT. The application of the
rate constant of alkamide 2 at three high temperatures using the Arrhenius plot is shown in
Figure 4.17. The rate constant at lower temperature can be determined the extrapolation by
the linear regression line in Arrhenius plot.
Figure 4.17 The Arrhenius plot in dry phenolics-poor E. purpuYea extracts for alkamide 2
o f

_
~

0.0027
-0.5 -~
~

~

0.00275
~
~

~

0.0028

~

0.00285

~

0.0029

~

0.0 295

y = -12431 x + 33.581
R2 = 0.9652

-1 ~"
-1.5 --~
i.

~

_2

~

E

-2.5 --3
1 /Temp (1/K)

That the negative of the slopes of the linear regression line times the universal gas
constant (R, 8.3144 Y/mol • K or 1.9872 cal/mol • K) equals the activation energy (Ea). The
activation energy is the excess energy barrier that the alkamide needs to overcome to proceed
to degradation products (Taoukis and Labuza, 1996). The bigger is the activation energy, the
more effect of the temperature is for the alkamide degradation.
Ea =slope of Arrhenius plot x R

(4.3)
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The activation energy of each alkamide in dry or DMSO E. purpurea extracts are
listed in Table 4.17.
Table 4.17 The activation energy for alkamides under phenolic-poor and phenolic-rich dry E.
purpurea extracts and phenolic-poor and phenolic-rich E. purpurea extracts
Ea (kJ/mol)
Alkamide

Dry
DIVIS~
- phenolics
+phenolics
-phenolics
+phenolics
92.2±13.0
5.1±33.2
101.7±8.8
Alkamide 1
52.9±6.9
92.2±13.6
103.3±9.8
101.0±60.6 ~~
62.1±4.3
Alkamide 2
86.6±35.3
23.5±70.2
109.6±24.6
45.2±6.4
Alkamide 3
103.6±39.2
56.3±10.1
125.2±20.9
29.1±19.9
Alkamide 5
87.1±11.7
109.8±60.1 ~
96.6±10.2
60.1 ±4.1
Alkamide 6
49.9±6.4
122.4±24.7
84.7±34.3
13.7±48.8 ~
Alkamide 7
91.5±26.2
107.5±17.0
96.2±34.5
82.5±19.8
Alkamide 8
94.1±30.5
111.2±16.0
100.2±22.3
80.3±17.9
Alkamide 9
n = 2. The data of the activation energy far each alkamide are presented as mean ±standard error. The
symbol ~= indicates that the energy activations of the alkamide degradation are not significantly different from
zero at P < 0.05. The energy activations of the alkamide degradation are not statistically different between
phenolic-poor and phenolic-rich either dry or DMSO E. purpurea extract.

There were no significant differences for the activation energy of each alkamide
between phenolic-rich and phenolic-poor dry E. purpurea extracts which suggests the
mechanism of oxidation is the same for both dry extracts (Table 4.17). The activation
energies of the alkamides degradation in phenolic-poor DMSO E. purpurea extracts were
variable except for the alkamide 8 and alkamide 9. Because all of observed alkamides except
for alkamide 8 and alkamide 9 are very stable in this storage condition, which means
alkamide 1, alkamide 2, alkamide 3, alkamide 5, alkamide 6, and alkamide 7 did not degrade
too much extent. The activation energy of each alkamide in dry E. purpurea extracts was
almost one-half to two times bigger than that in the phenolic-rich DMSO e~~tracts which
suggests the mechanism of oxidation of the alkamides is different in dry versus DMSO
solution. So, the changes of temperature have more effects on the alkamide degradation in
the phenolic-rich E. purpurea extracts than that in dry extracts because the activation
energies predicts the effect of temperature on the reaction rate.
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The half-lives (t~i2) can be determined by the rate constant. In the apparent first-order
reaction, the alkamides followed the equation:
In [A] / [A]o = kt

(4.4)

Where [A] is the concentration of alkamide at time t, [A]o is the original contraction
of the alkamide, and k is the rate constant. Half-life is the time that the concentration of the
alkamide decrease from [A]o to [A]o / 2. According to equation (2} is obtained:

In [A]o / ([A]o /2) = k tli2 ~ t1i2 =1n2 ! k = 0.693 / k

(4.5)

The extrapolated degradation rate constants and the half-lives for each alkamide at 20
°C in dry and DMSO E. purpurea extracts were given in Table 4.18 and table 4.19,
respectively.
Table 4.18 Predicted apparent degradation rate constants and half-lives of alkamides in dry
~. pu~pu~ea extract at 20 °C

k (day-1} x 10-5
Half-life (day)
- phenolics
+phenolics
-phenolics
+phenolics
24±22.2
4,166±2,574
17±10.3
2,834±2,573
Alkamide 1
24±22.6
4,812±3,306
2,923±2,782
14±9.9
Alkamide 2
6±14.1
3±6.0
20,552±36,346
X2,182±30,170
Alkamide 3
60,443±88,361
1±1.7
1±3.9
48,701±13,3781
Alkamide 5
32±26.0
3,134±2,231
22±15.7
2,185±1,790
Alkamide 6
7±16.4
2±3.0
45,325±78,453
10,165±24,441
Alkamide 7
9±11.2
5±12.1
7,662±9,129
14,215±34,402
Alkamide 8
7±14.3
8±8.5
9,187±10,323
Alkamide 9
10,379±22,219
n = 2; The data for the rate constants and half-lives of each alkamide are indicated by mean ±standard
error.
Alkamide

From table 4.18, in dry E. purpuYea and phenolic-poor extracts, alkamide 1, alkamide
2, and alkamide 6 have the smallest half-lives at 20°C, which are about 4000 days. The halflives of alkamide ~ and alkamide 9 are about two times longer than alkamide 1, alkamide 2,
and alkamide 6. Alkamide 3, alkamide 5 and alkamide 7 have the longest half-lives than
other alkamides, which means they degraded slowest. Comparing the half-lives in Table 4.21
and rate constants in Figure 4.14, the order of degradation rates for those alkamides at 20°C
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follows the same pattern as at higher temperatures. However, the half-lives in phenolic-rich
extracts are smaller than the corresponding half-lives in phenolic-poor extracts except for
alkamide 8 and alkamide 9, which means most alkamides degrade faster in phenolic-rich
extracts at 20°C. This is different from the phenolic effect we observed at 70°C, 80°C, and
90°C.
Table 4.19 Predicted apparent degradation rate constants and half-lives of alkamides in
DMSO E. purpu~ea extract at 20 °C

Half-life (day)
k (day"1} x 10"5
- phenolics
+phenolics
-phenolics
+phenolics
243±118.3
506±1,143
284±138
137±309.3
Alkamide 1
479±144
144±43.4
250,723±1,064,555
0±1.2
Alkamide 2
182± 81.3
381±170
1,651±8,337
42±212.0
Alkamide 3
960±6,761
2,704±3,766
72±50.8
26±35.7
Alkamide 5
522,063±2,255,770
410±117
I69±48.5
0±0.6
Alkamide 6
142±64.4
600±2125
486±219
115±408.5
Alkamide 7
2,601 ±3,601
62,252±11,4130
1 ±2.0
27±36.9
Alkamide S
1,689±2,120
41 ±51.5
52,044±81,409
1 ±2.1
Alkamide 9
n = 2; The data for the rate constants and half-lives of each alkamide are indicated by mean ±standard
error.
Alkanude

Table 4.19 indicates that in DI~iISO E. pu~puYea extracts, the half-lives of alkamides
in phenolic-poor extracts at 20 °C are all longer than the corresponding half-lives in
phenolic-rich extracts. This pattern is the same as what we observed at higher temperatures.
With the presence of phenolic compounds, alkamide 8 and alkamide 9 have the longest halflives at 20°C, which is about 4~5 times longer than the others; Alkamide 5 has moderately
longer half-life than the other alkamides. However, the degradation rates of alkamide 8,
alkamide 9 and alkamide 1, alkamide 2, alkamide 6 are very close at 70°C, 80°C and 90°C
and they all degraded faster than alkamide 3, alkamide 5 and alkamide 7 as indicated in
Table 4.18.
The half-lives in DMSo extracts are much smaller than in dry extracts, comparing the
half-lives of alkamides in dry and DMSO extracts at 20°C, with the presence of phenolic
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compounds. This phenomenon is contradicted with our second hypothesis about alkamides
degrade faster in dry extracts; also contradicted with what we observed at higher
temperatures.
Overall, all alkamides had very large half-lives at 20°C, which indicated that
alkamides are very stable either in dry or DMSO E. purpuYea extracts. These data had very
big standard error. First, the sample size was very small. Only two replications were used to
determine the stability of the alkamides. From statistical point of view, such a small sample
size is not enough to provide statistically meaningful result for regressions if the within
replication error is large, which can be implied by the big standard errors Of predicted halflives in the above two tables. Secondly and more importantly, the incubation time in this
experiment was very short (10 days), which is far less than most alkamides' half-lives.
Although the incubation was done under the accelerated temperatures, only a very few
portion of some alkamides was degraded during this 10-day period. According to the work
of Benson (1960), the accuracy of the measured reaction rate of reactant is related to bath the
analytical precision of the method and percentage of remaining reactant. As shown in table
4.20, the more reactant remaining, the higher the error of estimated reaction rate constant.
The precision of my HPLC analysis was about 5 percent. Some alkamides only degraded 5%
or less within 10-day incubation time at 20°C. Thus, the error in estimated rate constant is
greater than 70% based on the data in table 4.22. Overall, the above two reasons lead to the
large standard error in the estimation of the rate constants and half-lives. These reasons are
one of the possible sources for the discrepancies in the predicted half-lives at 20°C and rate
constants at higher temperature described above. Our experiment results showed that
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alkamides are very stable even at accelerated temperatures, but there are no accurate
estimates for the exact half-lives of alkamides at 20 °C.
Table 4.20 Effect of reaction constrictions on error in measured reaction rate (Benson, 1960)
Analytical precision
of the method (%)

± 1.0
± 2.0
± 5.0
± 10.0

%error (Ak / k) in rate constant k for various fraction (A / Ao} of reactant
remaining
A / Ao = 95%
90%
70%
50%

28
56
>100
>100

14
28
70
>100

5
10
25
50

3
6
15
30

Livesey et al. (1999) reported that the whole alkamide content degraded significantly
at 25 °C for 88% of levels ant at 40 °C for 95% of levels in the dried powder of E. purpurea
roots for seven months, while the alkamides were very stable at -25 °C, 25 °C and 40 °C for
seven months in the liquid of E. pu~purea alcohol root extracts, which was consistent to our
result of the stabilized alkamides in E. puYpurea extracts.
Perry et al. (2000} reported the temperature and time had significant effect on the
alkamide degradation in E. puYpurea root. The levels of several individual alkamides and the
total alkamides were measured at -18 °C, 3 °C and 24 °C for 64 weeks. We determined the
reaction order for the loss of alkamides in chopped E. purpuYea roots over 64-week stored
time using their reported data. The first-order reaction was more suitable than zero-order
reaction kinetics at any temperature. Therefore, the degradation of alkamides in E. purput~ea
roots is similar to those in the extracts, and also followed the first-order reaction kinetics.
Both temperature and storage can significantly affect the degradation of alkamides in ~.
pu~pu~ea roots. The high levels of alkamides were found when the E. puYpu~ea roots were
stored at -18 °C for 16 weeks, in which the levels of several alkamides even bigger than that
at the beginning. In this freezing condition for 64 weeks, the remaining of individual
alkamides, alkamidesl, 2, 3, 6, 7, 8+9 and total alkamides, to their highest content were 39,
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42, 41, 51, 41, 36, and 36 °Io, respectively. The lowest levels of alkamides were found when
E. purpurea roots were keeping at 24°C for 64 weeks. The percent remaining of 4, 8, 16, 14,
16, 9 and 11 for alkamides 1, 2, 3, 6, 7, 8+9 and total alkamides were left in the E. purpurea
roots after 64 weeks at 24 °C. Since the levels of alkamides were significantly affected by
the temperature and the time of storage, the accelerated abuse temperature for the storage of
E. purpurea roots or extracts can save the analyzed time. Using Perry's alkamide
degradation data at 24 °C to calculate the degradation rate constant and half-life for each
observed alkamide is shown in Table 4.21.
Table 4.21 Predicted apparent degradation rate constants and half-lives of alkamides in the
chopped E. pu~puYea roots stored at 24 °C
Alkamide

k (day"1) x 10"~

Half-life (day)

Alkamide 1
Alkamide 2
Alkamide 3

6.59 ± 0.56
5.64 ± 0.45
3.97 ± 0.35

105.1 ± 8.9
122.8 ± 9.7
174.4 ± 15.4

Alkamide 6a
Alkamide 7
Alkamide 8 + 9
'Total

4.26 ± 0.60
4.02 ± 0.40
4.53 ± 0.65
4.64 ± 0.36

162.6 ± 22.9
172.5 ± 17.4
152.9 ± 21.9
149.3 ± 11.3

The data for the rate constants and half-lives of each alkamide are indicated by mean ±standard error.

The degradations of the predominant alkamides in the dry E. puYpurea
extracts in my alkamide stability study showed that alkamide 1, alkamide 2 and alkamide 6
degraded faster than any other alkamides, followed by alkamide 8 and alkamide 9. The
degradations of alkamide 3, alkamide 5 and alkamide 9 were slower than any other
alkamides in dry E. puYpuYea extracts.
During the degradation of the alkamides in the chopped E. purpuYea roots, alkamide
1 and alkamide 2 degraded faster than any other alkamides, followed by alkamide 8+9,
alkamide 6a, alkamide 3 and alkamide 7. The chemical structure of alkamide 6a is quite
different from alkamide 6. The methyl group is at the end of the hydrocarbon chain for
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alkamide 6a, while the hydrogen atom is at the end of the fatty acid straight chain for
alkamide 6. These data had the same degradation pattern as our data, the alkamide
degradation in the E. puYpu~ea extracts. The position of acetylene bonds at the end of the
fatty acid chain (alkamide 1 and alkamide 2) may accelerate the degradation of the
alkamides. If the acetylene bond attached one methyl group at the end of the hydrocarbon
straight line, the alkamides are more stable than alkamide 1 and alkamide 2. Alkamide 3,
alkamide 6a, alkamide land alkamide 8+9 have the methyl group at the end of hydrocarbon
chain. Alkamide 8+9 degrade faster than alkamide 3, alkamide 6a and alkamide 7, because
they contain four double bonds rather than two double bonds. Thus, my pattern of the
alkamide degradation in E. puYpurea extracts was supported by Perry's report.
The stability of vitamin A in ultrarice (fortification of rice by vitamin A) was
evaluated by Murphy et a1. (1992). The side hydrocarbon straight chain of vitamin A
contains the conjugated double bonds, which was similar to conjugated double bonds in the
hydrocarbon chain of alkamides. The degradation of vitamin A followed apparent first order
reaction kinetics in the ultrarice. The alkamide also degraded by an apparent first order
reaction. Thus, the degradation of fatty-acid likely compound with the conjugated double
bonds may follow the apparent first order reaction. The half-lives of vitamin A in the three
ultrarice prototypes were extrapolated 769, 659 and 213 days at aW (water activity) = 0.11 at
25 °C. Extrapolated half-lives of individual alkamide degradation at 20 °C in DMSO

phenolic-rich .~. puYpurea extract were 284, 479, 381, 960, 410, 486, 2601 and 1689 for
alkamide 1, alkamide 2, alkamide 3, alkamide 5, alkamide 6, alkamide 7, alkamide 8 and
alkamide 9, respectively. The degradation of vitamin A and alkamides were slightly
comparable.
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To obtain the more accurate alkamide degradation data, we should incubate the
Echinacea extract for longer time, for more than one month, and perform at least three
replications. Although there were some shortcomings in our experiment, this study is the
first to measure the individual alkamide degradation in the E. purpurea. Some exciting
results were found. First, most results supported that the degradation of alkamides followed
the first-order reaction kinetics. Second, by comparing the dry and DMSO E. purpurea
extracts, we found that the more surface area of the extract to the exposure of oxygen, the
faster alkamides degraded. Finally, the phenolic compounds in E. purpurea had the different
effect on the degradation of alkamides in dry and DMSO extracts. In the dTcy E. purpurea
extract, phenolics may act as antioxidant to decrease the degradation of the alkamides.
However, the alkamides had different mechanism of degradation in DMSO E. purpurea
extracts. Alkamides degraded faster in phenolic-rich DMSO extract than in phenolic-poor
DMSO extract. Some unknown constituents may accelerate Echinacea alkamide degradation
in DMSO extracts.
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CHAPTERS

CONCLUSIONS
Echinacea species and Hypericum perfo~atum are both of the most popular herbal
supplements in the western countries. Echinacea preparations were well-known for their
immunostimulant activities, while H. perforatum is considered to treat mild depression and
have antibacterial and antifungal properties. Since 2001, an exhaustive study of Echinacea
species and H. peYfo~atum funded by the National Institute of Environmental Health Sciences
(NIEHS) and the Office of Dietary Supplements (ODS) have been undertaken at the Iowa
State University Botanicals Supplement Research Center.
The extinction coefficients, one of the important physical properties for the
compound, of available reference Echinacea and Hypericum standards were determined in
methanol for the convenience of the future quantification work. These standards included six
Echinacea phenolic compounds, caffeic acid, chlorogenic, caftaric acid, echinacoside,
cynarin, and cichoric acid, twa Echinacea alkamides, alkamide 2 and alkamide 10, and five
HypeYicum flavonoids, rutin, quercetin, hyperoside, isoquercitrin, and quercitrin.
Two extraction methods, Soxhlet extraction method and shaking extraction method
were developed to make extracts for Echinacea species and Hypericum. The Soxhlet
extraction method seems to be more efficient than the shaking extraction method. Therefore,
the extracts of Echinacea species and H. pe~foratum were currently made by the Soxhlet
protocols.
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Two Echinacea HPLC gradients, Echinacea phenolic and alkamide gradient were
developed to analyze the Echinacea phenolic acids and alkamides, respectively. Six
Echinacea phenolic acids, caffeic acid, caftaric acid, chlorogenic acid, cynarin, echinacoside,
and cichoric acid were available to quantify under Echinacea phenolic gradient. Two
synthesized alkamide, alkamide 2 and alkamide 10, were conducted as the external standard
curves under Echinacea alkamide gradient, and other alkamides can be qualitatively
identified under this gradient. Two Hypericum HPLC analyses, Hypericum flavonoid
gradient and hypericin, were achieved to assay the Hypericum extracts. The standard curves
of five Hypericum flavonoids, rutin, hyperoside, isoquercitrin, quercitrin, and quercetin and
one phenolic acid, chlorogenic acid, were developed under Hypericum flavonoid gradient.
Hypericin and pseudohypericin can be quantitatively determined under Hypericum hypericin
gradient.
Three fractions of Hypericum extracts, flavonoid fraction, pseudohypericin fraction,
and hypericin fraction were made for the cytotoxicity testing to determine which group of
compounds possessed the great toxicity. Flavonoid fraction only contained the Hypericum
flavonoids. pseudohypericin fraction consisted of the Iow concentration of flavonoids and
high concentration of pseudohypericin. Little pseudohypericin and much hypericin were
present in hypericin fraction.
The degradation of alkamides in E. purpurea extracts followed apparent first order
reaction kinetics. Eight major alkamides in E. purpurea extracts were stored at three high
abused temperature at 70, 80, and 90 °C under four different conditions, phenolic-poor and
phenolic-rich dry E. purpurea extracts and phenolic-poor and phenolic-rich DMSo E.
purpurea extracts. The degradation rate constants of the alkamides were calculated to

1Q5
determine the alkamide degradation pattern. The phenolic acids acted as antioxidant to
prevent the oxidation of alkamides in dry E. purpurea extracts, while they took the opposite
function on the degradation of alkamides in DMSO E. purpu~ea extracts. The alkamides in
dry E. puYpurea extracts contacting more oxygen than DMSO extracts were proofed to
degrade faster. The degradation rate constants and half-life for E. pu~purea alkamides were
extrapolated at 20 °C, and the data showed that the alkamides were very stable when stored at
low temperature in E. purpurea extract.
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APPENDIX
Table 1 Apparent degradation rate constants of alkamides in dry E. puYpurrea extracts
Degradation rate constant, k (day-1)

Alkamide
70°C

-Phenolics
80°C

90°C

70°C

+Phenolics
80°C

90°C

Alkamide 1

0.071±0.006

0.220±0.014

0.498±0.036

0.060±0.003

0.168±0.017

0.353±0.030

Alkamide 2

0.068±0.007

0.214±0.014

0.489±0.039

0.057±0.003

0.162±0.017

0.343±0.031

Alkamide 3

0.016±0.038

0.084±0.009

0.185±0.027

0.012±0.002

0.026±0.006

0.062±0.009

Alkamide 5

0.020±0.005

0.084±0.010

0.224±0.034

0.008±0.003

0.021 ±0.005

0.061±0.010

Alkamide 6

0.069±0.007

0.211±0.016

0.441 ±0.027

0.057±0.003

0.148±0.014

0.305±0.025

Alkamide 7

0.024±0.004

0.084±0.009

0.261±0.052

0.012±0.002

0.027±0.006

0.064±0.010

Alkamide 8

0.053±0.010

0.206±0.026

0.413±0.045

0.016±0.002

0.050±0.013

0.105±0.016

Alkamide 9

0.056±0.010

0.216±0.026

0.469±0.046

0.019±0.002

0.056±0.014

0.121±0.016

The data for all rate constants of alkamides are presented as mean ±standard error. The symbol ~
indicates that the data are not significantly different from zero at P < 0.05. n = 2.

Table 2 The degradation rate constants of alkamides in DMSO ~. purpurea extracts
Degradation rate constant, k (day-1)

Alkamide
70°C

-Phenolics
SO°C

90°C

70°C

+Phenolics
80°C

90°C

Alkamide 1

0.000±0.004

0.012±0.033'

0.001±0.004`

0.058±0.009

0.090±0.016

0.167±0.017

Alkamide 2

0.000±0.005 y

0.010±0.024'

0.015±0.003

0.057±0.008

0.108±0.016

0.192±0.020

Alkamide 3

0.000±0.004`

0.010±0.028`

0.004±0.002'`

0.026±0.004

0.040±0.008

0.064±0.008

Alkamide 5

0.001 ±0.005

0.009±0.026

0.002±0.002y

0.021 ±0.003

0.034±0.008

0.061±0.008

Alkamide 6

0.003±0.006'

0.002±0.016'

0.011 ±0.003 ~

0.060±0.008

0.112±0.017

0.194±0.019

Alkamide 7

0.001±0.004'`

0.009±0.025"

0.005±0.002

0.028±0.004

0.044±0.008

0.072±0.009

Alkamide 8

0.002±0.002y

0.012±0.027y

0.021±0.002

0.036±0.003

0.088±0.016

0.179±0.032

Alkamide 9

0.004±0.006`

0.018±0.027'

0.050±0.008

0.048±0.004

0.113±0.018

0.233±0.039

The data for all rate constants of alkamides are presented as mean ±standard error. The symbol
indicates that the data are not significantly different from zero at P < 0.05. n = 2.
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