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Phytochemical investigation of Tanacetum parthenium (L.) family Asteraceae cultivated in Egypt resul-ted in isolation and
identification of four flavonoids isolated from the aerial part, four sesquiterpene lactones isolated from the leaves, two
sterols isolated from the roots. A comparative study of the essential oil content of the leaves and the flower heads was
performed using (GC/MS) revealing the presence of 42 and 30 components with the major components camphor
(constituted 37.7 and 48.4%) and chrysanthenyl acetate (constituted 33.8 and 26.3%) in the leaves and the flower heads,
respectively. Different extracts of T. parthenium (L.) showed significant analgesic, anti-inflammatory, antipyretic,

antispasmodic and uterine-stimulant activities in addition to the in vitro cytotoxic effect.
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INTRODUCTION

Genus Tanacetum includes about 50 species, of those only
Tanacetum santolinoides (D.C.) grows in Egypt (El-Shazly et
al., 2002). Tanacetum parthenium (L.) has oth-er synonyms
viz.; Chrysanthemum parthenium (L.), Leu-canthemum
parthenium (L.) and Pyrethrum parthenium (L.) and many
common names viz.; Feverfew, Feather-few, Feather foil,
Febrifuge plant, Midsummer daisy and Santa Maria (Berry,
1984; Hobbs, 1989; Ross, 2001). This plant was largely
investigated for its traditional uses in medicine viz,;
treatment of fever, headache, migraine, stomachache, insect
bites, bronchitis, arthritis, cold, abor-tifacient and problems
of menstruation (Evans, 2002; Tut-in et al., 1964; Berry,
effect on the production of second-dary metabolites, the
1984). Since the environmental conditions have a great
present work includes phyto-chemical investigation of
sesquiterpene lactones content, flavonoid content, volatile oil
and lipid content of different organs of the plant cultivated in
Egypt. Feverfew reported to contain many sesquiterpene
lactones as a major class of secondary metabolites of which
parthenolide is con-sidered the major active constituent of
the plant (Berry, 1984; Hobbs, 1989; Ross, 2001; Bohlmann
and Zdero, 1982; Picman, 1986; Knight, 1995).

*Corresponding author. E-mail: mostafal9772002@yahoo.com.

The sesquiterpene lactones biosynthetic pathway was
influenced by environ-mental conditions (Awang et al., 1991;
Abourashed and Khan, 2001; Rateb et al., 2007). In
addition, some biolo-gical activities were investigated
including the analgesic, anti-inflammatory and antipyretic
activities. The antispas-modic and uterine stimulant effects
were screened for the first time and the cytotoxic effect was
also supplied.

MATERIAL AND METHODS:

General

Silica gel H type 60 for VLC (E.Merck), silica gel (100 - 200 mesh)
for CC, precoated TLC plates (silica gel 60 GFzs4) from E. Merck
(Darmstadt, Germany), Sephadex LH20 (Pharmacia Fine Chemi-
cals, Sweden). P- anisaldehyde-sulfuric acid spray reagent (Stahl,
1969) for sterols, Sodium methoxide solution, aluminum chloride
solution, hydrochloric acid, sodium acetate powder and boric acid
powder were used for reagents for UV spectroscopic analysis of fla-
vonoids (Mabry et al., 1970), acetylcholine chloride (H and W, Eng-
land), nicotine hydrogen tartarate (BDH, England), atropine sulpha-
te (BDH, England). The physiological salt solutions (Tyrod's solution
and Dejalon's solution) were prepared according to the Staff
Members of Pharmacology Department, University of Edinburgh
(Staff Members of Department of Pharmacology, 1970) for the iso-
lated tissue preparations. Specific gravity bottle for determination of
specific gravity of the essential oils; Abbe’s refractometer for mea-



ring the refractive indices of the volatile oils samples; Koffler's hea-
ting stage microscope for determination of melting points; palmer
kynograph and organ bath.

Plant material

100 g seeds of T. parthenium (L.) used in this study were imported
from Schifeild Company, U.S.A. and cultivated in El-Basateen farm,
Beni-Suef, Egypt and was kindly identified by Professor Dr. Abou
Dahab M. A. The plant was air-dried, reduced to fine powder and
kept in tightly closed amber colored glass container. 10 kg of diff-
erent plant organs (leaves, flower heads and roots) were air dried,
powdered and kept in tightly closed amber colored glass containers
and protected from light at low temperature for phytochemical stu-
dy. 500 g of fresh leaves and flower heads of the plant were collec-
ted in April (in flowering) and used just after collection in prepara-
tion of its volatile oil content. For biological study, alcoholic and ag-
ueous extracts of different plant organs were prepared and a 20%
w/v concentration was supplied, 5% (w/v) parthenolide solu-tion
was prepared and a concentration of 100 ug/0.1ml dimethyl sulfo-
xide for cytotoxic study.

Animals

Albino mice of 20 — 25 g b. wt., adult female albino rats of 100 —
125 g b. wt. and adult albino rabbits of 1 - 2 kg body weight was
used for this study.

Apparatus

Jeol mass spectrophotometer, 70 eV. (Finnigan mat SSQ 7000);
NMR Jeol GLM: Jeol TMS route instrument ("H-NMR, 300 MHz,
13C, 75 MHz ) was used. The NMR spectra were recorded in CDCl3
and CD3OD using TMS as internal standard and chemical shift
values were recorded in ppm; UV-visible spectrophotometer: Shi-
madzu UV 240 (P/N 204-58000) was used for measuring the absor-
bance in UV range.

GC/MS

Hewlett Packard 5890 series Il plus GLC instrument with flame
ionization detector (FID), equipped with Hewlett Packard MS5970,
for analysis of volatile oil samples (Carbowax 20 M column with 50
m x 0.2 mm internal diameter and helium as a carrier gas with flow
rate of 1ml/min. The oven temperature was 60°C, injector tempera-
ture was 200°C, detector temperature was 250°C and using tem-
perature programming starting with 50°C increased to 200°C by rate
of 3°C/min. and split ratio of 100:1).

Statistical analysis: The data of the experimental biology was
averaged and statistically submitted to the analysis of variance. The
least significant differences (LSD) test was applied for comparison
among means according to method described by Steel and Torrie
(1980).

Extraction procedures

Investigation of sesquiterpene lactones content (Bohimann and
Zdero, 1982): The air-dried defatted powdered leaves (3 kg collec-
ted in the flowering stage) were macerated in 90% ethanol. After
stripping off the solvent, the residue (400 g) was extracted with
chloroform, evaporated to a dark residue (60 g) and chromatogra-
phed on silica gel using isocratic elution with chloroform until exha-

ustion. The combined chloroformic extract (4 g) was chromatogra-
phed on a silica gel 60 column using n-hexane and increasing the
polarity by chloroform till 100% chloroform then increasing the
polarity of chloroform by ethyl acetate. Fractions were collected and
examined by TLC using (chloroform:ethyl acetate 8:2 v/v) and p-
anisaldehyde/sulfuric acid as a chromogenic spray. Fractions 51-60
(600 mg) were fractionated on silica gel 60 CC using n-hexane and
increasing the polarity using ethyl acetate.

Fractions (7 - 12) were pooled and recrystallized from petroleum
ether:diethylether (1:2) afforded compound L1 (350 mg; colorless
crystals; soluble in chloroform; m.p.llS-ll?OC). Fractions (14 - 16)
(95 mg) were pooled and recrystallized from chloroform afforded
compound L2 (15 mg; colorless crystals; soluble in chloroform;
m.p.242 - 244°C). Fractions 63 - 67 (90 mg) were pooled and recry-
stallized from chloroform afforded compound Ls (20 mg; colorless
crystals; soluble in chloroform; m.p. 134-136°C). Fractions 69 - 71
(70 mg) were pooled and recrystallized from methanol afforded
compound L4 (5 mg; colorless sticky substance; soluble in metha-
nol).

Investigation of the flavonoid content (Williams et al., 1999A): 2
kg of fresh leaves (collected in the flowering stage) were dipped for
10 s in 4 | of acetone. After stripping- off the solvent under reduced
pressure, the yellowish green residue (2 gm) was chromatographed
on silica gel 60 column using n-hexane and increasing the polarity
using ethyl acetate. The fractions were collected and examined by
TLC using (chloroform:methanol 9:1 v/v). Fractions (38 - 45) were
pooled and evaporated to a dark yellow residue (120 mg) which
was purified on Sephadex LHz20 column using 80% methanol for
elution. Fractions (10 - 18) were pooled, evaporated and recrystal-
lized from methanol to yield compound F1(60 mg, yellow crystals,
m.p. 162 - 164°C, soluble in chloroform). 500 g of air-dried defatted
powdered flower heads (collected in late April) was extracted by
90% ethanol and the combined ethanolic extract was evaporated to
a dark green residue (45 g) which was extracted with chloroform till
exhaustion and evaporated to a semisolid residue (12 g) which was
chromatographed on silica gel VLC using chloroform and increasing
the polarity by ethyl acetate. Fractions (13 - 14) were pooled and
evaporated to a yellow residue (300 mg) and purified on Sephadex
LH20 using 90% methanol as eluent. Similar fractions were pooled
and evaporated to dryness. Recrystallization of fractions (11 - 18)
from methanol gave compound F2 (15 mg, yellow powder, m.p. 348-
350°C, soluble in methanaol).

Recrystallization of fractions (21 - 26) from methanol gave com-
pound F3 (9 mg, yellow powder, m.p. 328-330°C, soluble in metha-
nol). Recrystallization of fractions (30 - 36) from methanol gave
compound F4 (6 mg, yellow powder, m.p. 315 - 317°C, soluble in
methanol).

Investigation of the lipid content: The unsaponifiable matter
(Finar, 1973) prepared from 500 g of air-dried powdered roots (2 g)
was chromatographed on silica gel 60 column using n-hexane and
increasing the polarity using ethyl acetate. The fractions were col-
lected and examined by TLC using (petroleum ether:ethyl acetate
6:4 viv). Fractions (14 - 20) were pooled and evaporated to a yello-
wish white residue (250 mg) which was purified on silica gel 60
column using petroleum ether and increasing the polarity using
ethyl acetate where fractions (7-12) were collected, evaporated and
recrystalized from chloroform to produce compound Ti (55 mg,
white crystals, m.p. 197-199°C, soluble in chloroform). Fractions (22
- 25) were pooled and evaporated to produce compound T2 (70 mg,
white crystals, m.p. 140 - 142°C, soluble in chloroform).

Investigation of the volatile oil composition: 500 g of fresh lea-
ves and fresh flowers (collected in late April) were subjected to
hydrodistillation and the two samples of the essential oils obtained
were separately dried over anhydrous sodium sulfate and stored in
air tight amber colored containers in deep freezer for further GC/MS
analysis. Percentage yield, specific gravity and refractive index of
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Figure 1. L1-L 4. Parthenolide, Epoxysantamarin, 3 -hydroxyparthenolide and Secotanapartholide.

the oil samples were determined according to the E.P. (1984) (Egy-
ptian Pharmacopoeia, 1984). Qualitative analysis was carried out
for identification of the oil components by their retention times and
interpretation of their mass spectra with available reference mate-
rials (Adams, 1995) and quantitative analysis of the identified com-
ponents was carried out by using area normalization method.

Biological study (each test was performed three times)

Analgesic activity: The analgesic activity was evaluated using acetic
acid-induced writhing in mice as described by Taber et al. (1969) and
paracetamol (50 mg/kg b.wt. orally) used as a standard.
Antispasmodic activity: The method described by Staff Members of
Pharmacology Department, University of Edinburgh (Staff Mem-bers of
Department of Pharmacology, 1970) was used. A piece of 3 cm of rabbit
duodenum was suspended in organ bath of containing

One hundred eighty mice of both sexes weighing from 20 - 25 g
were divided into 9 groups (20 mice in each). Mice weighing 20 —
25 g were orally administered both the ethanolic and aqueous ext-
racts in a dose of 1 g/kg body weight and parthenolide in a dose of
10 mg/kg body weight. After one hour, each mouse was injected
intra-peritoneal (I. P.) with 0.1 ml of 0.6% acetic acid. 10 min later,
the number of writhes of each mouse was counted for a period of
15 min. This work was repeated after 2, 3 and 5 h post administra-
tion.

Anti-inflammatory activity: Acute anti-inflammatory effect was
evaluated using yeast-induced rat paw edema test described by
Winter et al. (1962) and diclofenac sodium (10 mg/kg body weight)
as a standard. Male albino rats, weighing 100 - 125 g were orally
given both the ethanolic and aqueous extracts in doses of 1 g/kg
body weight and parthenolide in doses of 10 mg/kg body weight.

Edema was induced by subcutaneous injection of 0.1 ml brewer's
yeast 20% suspension in physiological saline in the skin of the hind
paw of all rats after measuring the initial paw thickness in mm using
caliber and after 4 h, the paw thickness of all rats was also measu-
red. The thickness of paw of all rats in all groups was measured
after 3 and 6 h. Furthermore, the percentage decrease in the mean
in comparison with control was estimated.

Antipyretic activity: The antipyretic activity was evaluated using
yeast-induced hyperthermia method as described by Teotine et al
(1963) and acetyl salicylic acid (50 mg/kg body weight) as a stan-
dard. Female albino rats, weighing 100 - 125 g were orally adminis-
tered the ethanolic and aqueous extracts in doses of 1g/kg body
weight and parthenolide in doses of 10mg/kg body weight.

Forty five mature albino rats weighing 100-125 g were divided
into 9 groups (5 rats in each). All rats were made hyperthermic by
subcutaneous injection of brewer's yeast suspension (15% in phy-
siological saline). The rectal temperature of each rat was then rec-
orded every hour for 4 h.

oxygenated Tyrod's solution at 37°C. The normal intestinal motility
was recorded. Then different concentrations of alcoholic and aqu-
eous extracts (2 - 8 mg /ml bath) of different plant organs as well as
parthenolide (0.04 - 0.16 mg/ml bath) were added and the response
was recorded for studying their effect on the intestinal motility.

Uterine stimulant activity: The method described by Dejalon and
Dejalon (1945), was used. The animals were killed; a length of 3 cm
of uterine horn was mounted in organ bath containing oxygenated
Dejalon's solution at 32°C. After recording the normal uterine con-
tractions, the effect of different concentrations of alcoholic and wat-
ery extract (2 - 8 mg /ml bath) of different plant organs as well as
parthenolide (0.04 - 0.16 mg/ml bath) were added and the res-
ponse was recorded for studying their effect on uterine contrac-
tions.

In vitro cytotoxic activity: The tested solutions were screened
using a single tumor cell (Ehrlich ascitis carcinoma cells, the tumor
was maintained in the laboratory by weekly intraperitonial (I.P.)
transplantation in female Swiss albino mice) . A set of sterile test
tubes were used, where 2.5 x 10° tumor cells per ml were suspend-
ded in phosphate buffer. One tenth ml of different dilutions of the
tested solutions in DMSO was added separately to the suspension
and kept at 37°C for 24 h. Trypan blue dye exclusion test (Mclimans
et al.,, 1957) was carried out to calculate the percentage of non-
viable cells using a dose of 100, 50 and 25 ug/ml of each extract.
Concentrations causing less than 30% non-viable cells in the sus-
pension were considered inactive, while those producing more than
70% non-viable cells were considered active and in between were
considered of moderate activity.

RESULTS AND DISCUSSION
Phytochemical study

From the comparison with the authentic references and
the physicochemical and spectral data published (Bohl-
mann and Zdero, 1982; Begley et al., 1989; Castaneda et
al., 1993; Hewlett et al., 1996; Milbrodt et al., 1997), com-

pounds Li-L4 (Figure 1) could be identified as parthe-
nolide, epoxysantamarin, 3 -hydroxyparthenolide and se-
cotanapartholide A, respectively.

From the comparison with the authentic references and
the physicochemical and spectral data published (Hurst
and Harborne, 1967; Devon and Scott, 1972; Sam et al.,
1975; Wilcox and Balafama, 1984; Sachdev and Kulsh-
reshtha, 1985), compounds F1-F4 (Figure 2) could be id-
entified as santin, apigenin, luteolin and quercetin, resp-

ectively. Compound F4 was first isolated from T. partheni-
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Figure 3. T1and T2 -amyrinand -sitosterol.

nium (L.) but isolated from other Tanacetum species (Wil-
liams et al., 1999B).

From the comparison with the authentic references and
the physicochemical and spectral data published (Wilcox
and Balafama, 1984; Good and Akisha, 1997), com-
pounds T1 and T2 (Figure 3) could be identified as -amy-
rin and -sitosterol, respectively.

The percentages of essential oil obtained by hydrodis-
tillation from 500 g of each of the two plant samples were
0.49 and 0.58% v/dry wt.; the 2 oil samples acquire
camphor like odor and pale yellow color; the refractive
indices at 20°C were 1.4662 and 1.4697 and the specific
gravities at 25°C were 0.8912 and 0.9016 for the oil sam-
ples of leaves and flower heads, respectively.

The percentage vyield of the oil was slightly different
from the previously reported data (Kalodera et al., 1997,
Hendriks et al., 1996) . Qualitative analysis was carried
out for identification of the oil components by their reten-
tion times and interpretation of their mass spectra with
available reference materials (Adams, 1995) and quanti-
tative analysis of the identified components was carried
out by using area normalization method.

Table (1) revealed that the essential oil isolated from
the leaves and the flower heads comprises 42 and 30
identified components constituting 99.56 and 98.87% of
the total oil composition in which camphor is the major
constituent (37.7 and 48.4%) followed by chrysanthenyl
acetate (33.8 and 26.3%) of the total oil composition,
respectively. The total oxygenated compounds constitu-
ted the highest percentage of the components of the
essential oil constituting 85.84 and 85% in the oil of
leaves and flowers, respectively. The difference between
the obtained data and the reported data (Hendriks et al.,
1996; Kalodera et al., 1997) concerning the difference in
components and relative percentages of the different oil

constituents in the investigated essential oil of T. parthe-
nium (L.) may be due to environmental conditions under
which the plant has grown as well as the variation in con-
ditions of analysis.

Biological study

Analgesic activity: Results presented in Table (2) rev-
ealed that parthenolide showed significant analgesic acti-
vity (about 85 - 90% of the activity of paracetamol) follow-
ed by the alcoholic extracts of flowers and leaves (about
55 and 45% of the activity of paracetamol, respectively).
All other groups showed non significant analgesic activity.
These data agree with that reported on the plant in other
countries due to presence of high concentration of ses-
quiterpene lactones, specially parthenolide, and flavor-
noids (Hewlett et al., 1996; Milbrodt et al., 1997; Jain and
Kulkarni, 1999; Ernst and Pittler, 2000; Kwok et al., 2001;
Long et al., 2003).

Anti-inflammatory activity: Results presented in Table
(3) revealed that the alcoholic extracts of leaves and flo-
wers and parthenolide showed significant anti-inflam-
matory activity (about 65 - 75% of the activity of diclofe-
nac sodium after 3 h) and (about 55 - 60% of the activity
of diclofenac sodium after 6 h). All other groups showed
non significant anti-inflammatory activity. These data go
in harmony with that reported on the plant due to presen-
ce of high concentration of sesquiterpene lactones, spe-
cially parthenolide, and flavonoids (Hewlett et al., 1996;
Milbrodt et al., 1997; Jain and Kulkarni, 1999; Ernst and
Pittler, 2000; Kwok et al., 2001; Long et al., 2003).

Antipyretic activity: Results presented in Table (4) rev-
ealed that parthenolide showed significant antipyretic
activity (about 60 - 70% of the activity of acetyl salicylic
acid), followed by the alcoholic extracts of flowers and
leaves which showed significant antipyretic activity (40 -
55% of ASA activity). All other groups showed non sig-
nificant antipyretic activity. These data seem to be the
same with that reported on the plant due to presence of
high concentration of sesquiterpene lactones, especially
parthenolide, and flavonoids (Hewlett et al., 1996; Milb-
rodt et al., 1997; Ernst and Pittler, 2000).



Table 1. GC/MS analysis of the organs of T. parthenium (L.).

Constituents of the oil Rt. Min Percentage = S.D.
Flower Leaf

Cis-2-octene 2.04 0.07+£0.04
Butyl acetate 2.67 0.88+0.04 0.78+0.03
Tricyclene 3.51 0.37+0.04 0.17+0.03
-pinene 3.67 1.03+0.04 1.35+0.03
Camphene 4.25 8.76+0.04 3.72+0.03
Sabinene 4.87 0.45+0.04 0.17+0.03
-pinene 5.09 0.22+0.04 0.21+0.03
-myrecene 5.86 0.06+0.03
P-cymene 5.96 0.12+0.04 0.62+0.03
Limonene 6.71 0.12+0.04 0.29+0.03
-phellandrene 7.19 0.54+0.03
1,8-cineole 7.94 0.6+0.04 1.14+0.03
-terpinene 8.66 1.2+0.04 3.1+0.03
Terpinolene 12.37 0.13+0.03
P-cymenene 13.72 0.16+£0.04 0.09+0.03
Terpin-1-ol 15.54 0.92+0.04 5.14+0.03
Camphor 17.47 48.4+0.04 37.7+£0.03
E-chrysanthenyl acetate 18.21 26.3+0.04 33.8+0.03
Pinocarvone 18.68 0.49+0.03
Borneol 19.26 0.2+0.04 0.37+0.03
Terpin-4-ol 19.94 0.26+0.04 0.66+0.03
-terpineol 20.43 0.76+0.04 0.64+0.03
Linalool acetate 20.68 0.58+0.04 0.34+0.03
Bornyl acetate 21.75 0.15+0.03
Citronellal hydrate 22.18 0.62+0.03
Thymol 22.66 1.81+0.04 0.39+0.03
E-pinocarvyl acetate 23.16 0.81+0.04 0.09+0.03
Carvacrol 23.41 0.54+0.03
-copaene 23.64 0.12+0.03
E-caryophyllene 24.12 0.28+0.04 0.19+0.03
-humulene 24.43 0.41+0.03
E-B-farnesene 24.8 0.96+0.03
Germacrene D 25.66 0.21+0.04 0.11+0.03
Ar-curcumene 26.33 0.18+0.03
lej)tsg‘eyl'z'memy' 26.75 0.35£0.03
-cadinene 27.89 0.18+0.03
Z-chrysantheny| 28.44 0.68:0.04 | 0.23+0.03
angelate

Bornyl angelate 30.78 1.81+0.04 2.17+0.03
Germacrene D-4-ol 31.72 0.59+0.04
-caryophyllene oxide 34.7 0.37+0.04 0.54+0.03
Globulol 41.38 0.45+0.04 0.15+0.03
Veridiflorol 43.03 0.27+0.03
E,E-farnesol 43.61 0.26+£0.04 0.23+0.03
E,E-farnesyl acetate 45.05 0.19+0.04 0.18+0.03

*Rt = retention time.

Antispasmodic activity: The alcoholic extract of the prolonged inhibition of intestinal matility, followed by the
flowers was the most potent antispasmodic producing leaf extract. Parthenolide has produced moderate but not



Table 2. Analgesic activity of different extracts and parthenolide of T. parthenium (L.) on acetic acid induced

writhing in mice (n = 5).

Mean number of writhing

Treatment
After 1 hour After 2 hours After 3 hours After 5 hours
Control 15.2 £ 0.16" 15.2 + 0.19% 16 + 0.2 15.6 + 0.18"
() (e) (e) (d)
Paracetamol 0.4+0.13 1.4+0.11 1.8+0.16 4.4+0.15
*97 % *90 % *88 9% *71 %
Hydroalcoholic extract of 7.4+0.17" 6.6+0.18'% 6.9+0.19'% 11.4+0.14"
leaves *51 0% *56 0 *57 0% *27 %%
Hydroalcoholic extract of 6.8+0.16" 59+017" 58+0.16" 11+0.14"
flowers *55 04 *61 % *63 % *29 0
H , @ @) @b @
ydroalcoholic extract of 15+0.14 15+0.19 15+0.14 15.2+0.16
roots *1.3 9% *1.3 % *6.2 % *2 5 0
() (b) (b) (a)
Aqueous extract of leaves 14.6 +0.17 13.9 £0.16 14.8 £ 0.16 15 +0.19
*3.9 % *8.5 %% *7.5 % *3.8 %
(a) (b) (b) (a)
14.7 +0.19 13.4 £0.22 14.4 +0.11 14.8 +0.16
Agueous extract of flowers
q *3.8 % *11.8 % *10 % *5 04
(@) (@ (a,b) ()
15.1 0.2 15.1 +0.16 15.4+0.12 15.4 +0.11
Aqueous extract of roots
a *0.6 % *0.6 % *3.7 % *1.3 %
. 1+0.149 3.2+0.149 4340179 9.4+ 0,20
Parthenolide
*93 0% *79 % *73 % *40 %
LSD 1.16 1.2 1.13 1.05

(a,b,c,d,e) means with the same letters in each column are not significantly different at p < 0.05. * Percentage decrease
in number of writhing in comparison with control (mean + SE).

Table 3. Anti-inflammatory activity of different extracts and parthenolide of T. parthenium (L.) (n = 5).

Mean decrease in thickness of rat paw (mm.)

Treatment
After 3 hours After 6 hours
Control 7.7+0.06" 7.8+0.04%
(d) (d)
Diclofenac sodium 5'33205'00? 4'5*23'36
. 0 0
. 6.4+ 0.04° 6.2+ 0.04
Hydroalcoholic extract of leaves ) *—1 - 'O/ '*2—0 5 o
0 . 0
. 6.2+ 0.05° 6.1+0.03
Hydroalcoholic extract of flowers '*1‘9 5 Y '*2‘1 7 Iy
. 0 . 0
(@ (a)
Hydroalcoholic extract of roots 7'5; 287 7'5*;‘; 200/6
. 0 . 0
(a) (b)
Aqueous extract of leaves 7'5*2 2‘84 7;—;8'31/
. 0 : 0
(b) (b)
Aqueous extract of flowers 7'1$ 333 6'§11208'00j
. 0 : 0
@) (@)
Aqueous extract of roots 7'5*2 286 7'5*§ 200/5
. 0 . 0
() (c)
Parthenolide 6‘3;‘;5'094 6 fzo;zf’
0 0
LSD 0.38 0.37

(a,b,c,d) means with the same letters in each column are not significantly different at p < 0.05. *
Percentage decrease in thickness of paw in comparison with control (mean + SE). LSD (least

significant difference between means) calculated by one way ANOVA.




Table 4. Antipyretic activity of different extracts and parthenolide of T. parthenium (L.) on yeast induced hyper-

pyrexia in rats (n = 5).

Treatment Mean decrease in rat rectal temperature ( °C)
After 1 hr. After 2 hrs. After 3 hrs. After 4 hrs.
Control 39.7+0.07"" 39.6+0.02'% 39.5+0.06 " 39.5+0.04'"
Acetyl salicylic acid 37.7+0.05"" 37.3+0.05" 37.7+0.05\% 38.2+0.07%
(ASA) *5 0 *5.8 % *4.5 % *3.3 9%
Hydroalcoholic 38.70.06"” 38.7+0.02"% 38.8+0.04" 39.2+0.04"
extract of leaves *2.5 % *2.3 % *1.7 % *0.7 %
Hydroalcoholic 38.5£0.06" 38.3:0.04"" 38.740.04" 39.1£0.02"
extract of flowers *3 % *3.3 % *2 % *1 %
Hydroalcoholic 39.5:0.06" 39.6£0.04% 39.5+0.04% 39.5£0.06%
extract of roots *0.5 % *0 % *0 % *0 %
Aqueous extract of 39.5+0.04% 39.30.04" 39.5+0.05\% 39.4+0.04%
leaves *0.5 % *0.7 % *0 % *0.2 %
€) ) @ @
Aqueous extract of 39.5£0.04 39.240.07 39.5+0.08 39.5+0.04
flowers *0.5 % *1 % *0 % *0 %
Aqueous extract of 39.6£0.08" 39.8£0.04% 39.5£0.03"% 39.5£0.06"
roots *0.2 % 0.5 % *0 % *0 %
barthenolide 38.1+0.05% 37.9:0.04® 38.5:0.02© 39:0.05
*4 % *4.3 % *2.5 % *1.3 %
LSD 0.11 0.17 0.11 0.11

(a,b,c,d) means with the same letters in each column are not significantly different at p < 0.05. * Percentage decrease

in rectal temperature in comparison with control (mean + SE). LSD (least significant difference between means)
calculated by one way ANOVA.

Table 5. In vitro testing for cytotoxic effect of T. parthenium (L.) on Ehrlich ascitis carcinoma.

% inhibition of cell viability
Sample
25ug/ml 50ug/ml 100ug/ml
Alcoholic extract of leaf 20 75 90
Alcoholic extract of flower 35 85 100
Alcoholic extract of root 0 40 60
Aqueous extract of leaf 0 35 60
Aqueous extract of flower 0 40 65
Aqueous extract of root 0 10 30
parthenolide 30 80 100

complete inhibition even at its high dose. All the aqueous
extracts produced spasmogenic effect by increasing the
intestinal motility. Concerning the site of action, the alco-
holic extracts as well as parthenolide have performed
their antispasmodic effect by ganglion blockade, while the
agueous extracts have performed their spasmogenic eff-
ect through stimulation of cholinergic nerve fibers.

Uterine stimulant activity: The alcoholic extract of the
flower was the most potent uterine stimulant followed by
the leaf extract. The root extract was not effective. Par-
thenolide had mild uterine stimulant effect which was very
short. The aqueous extract of the flower was potent ute-

rine stimulant followed by the leaf extract. The root
extract was not effective on uterus.

In vitro cytotoxic activity: From Table (5), it could be
concluded that all extracts showed activity against Ehrlich
ascitis carcinoma cell line except the aqueous extract of
the root. The alcoholic extract of the flower and partheno-
lide were the most potent, showed 100% inhibition of cell
viability at their highest concentration but the alcoholic
extract of the flower was slightly more potent than parthe-
nolide at their lower concentrations. Concerning the aqu-
eous extracts of leaves and flower heads, showed little
cytotoxic activity (60 and 65%), respectively at their high



concentration. Concerning the cytotoxic effect of the
plant, many cited data reported significant citotoxic effect
due to its high sesquiterpene lactone content specially
Parthenolide which is a germacranolide type sesquiter-
pene lactone with , - unsaturated- -lactone and C11-C13
exocyclic double bond conjugated to the -lactone which is
essential for cytotoxicity and the exocyclic dou-ble bond
have more cytotoxic effect than endocyclic dou-ble bond
or saturated compound with no double bonds as reported
(Guzman and Jordan, 2005; Wu et al., 2006). This might
be the reason for the strong cytotoxic activity exerted by
the parthenolide isolated from Feverfew herb growing in

Egypt.

Conclusion

T. parthenium (L.) growing in Egypt contains many
sesquiterpene lactones, with higher concentration of
parthenolide (Rateb et al., 2007), lipophilic and polar fla-
vonoids in the leaves and the flower heads. The plant
also contains high percentage of sterols and triterpenes
in the roots. Moreover, the concentration and the compo-
sition of the volatile oil of the plant growing in Egypt differ
from that in other countries.

The alcoholic extracts of flowers and leaves and par-
thenolide showed significant analgesic, anti-inflammatory
and antipyretic activities which confirmed the folk use of
Feverfew herb for treatment of headache, fever, common
cold and arthritis and these effects are attributed to lea-
ves and/or flowers mainly due to the presence of sesqui-
terpene lactones and flavonoids (Hewlett et al., 1996;
Milbrodt et al., 1997) while roots showed no or mild biolo-
gical activities due to the absence of sesquiterpene lacto-
nes and flavonoids. The antagonizing results cited when
the antispasmodic effect was studied might explain the
folk use of different extracts of the same plant as spas-
molytic in colic, colitis and gripping and as vermifuge and
laxative (Ross, 2001). The uterine stimulant effect of the
plant agreed with the folk uses of the plant as aborti-
facient, emmenagogue and in certain labor difficulties and
also agreed with the warning of the drug producer which
indicates the prevention of using feverfew during
pregnancy but not agree with the folk use of the drug in
threatened miscarriage (Berry, 1984; Hobbs, 1989; Ross,
2001).

Parthenolide alone is not the only active ingredient in
Feverfew responsible for the vast pharmacological act-
ions of the plant but there are other constituents who
could be also responsible for these actions as cited in
literature (Williams et al., 1999A; Williams et al., 1999B;
Long et al., 2003).

AKNOWLEGEMENT

The authors are grateful for Prof. Dr. Abou-Dahab M.
Abou-Adhab; Prof. of Ornamental and Medicinal Plants,

Faculty of Agriculture, Cairo University; for his kind iden-
tification and verification of different T. parthenium (L.)
samples.

REFERENCES

Adams RP (1995). Identification of Essential Oil Components by Gas
Chromatography / Mass Spectrometry. Allured Publishing Corp.,
Carol Stream, lllinois, U.S.A. pp.115-117

Abourashed EA, Khan IA (2001). GC determination of parthenolide in
feverfew products. Pharmazie 56(12): 71-72.

Awang DVC, Dawson BA, Kindack DG (1991). Parthenolide content of
Feverfew (Tanacetum parthenium) assessed by HPLC and "H-NMR
Spectroscopy. J. Nat. Prod. 54 (6), 1516-1521.

Begley MJ, Hewlett MJ, Knight DW (1989). Revised structures for
guaianolide alpha-methylenebutyrolactones from feverfew. Phytoche-
mistry, 28 (3): 940-943.

Berry MI (1984). Feverfew Faces the Future. Pharm. J. 234: 611-616.

Bohlmann F, Zdero C (1982). Sesquiterpene lactone and other
constituents from Tanacetum parthenium. Phytochemistry 21(10):
2543-2549.

Castaneda J, Fischer NH, Vargas D (1993). Biomimetic Transforma-
tions of Parthenolide. J. Nat. Prod. 56 (1): 90-98.

Dejalon B, Dejalon S (1945). In Vitro Uterine Stimulant Effect of Some
Herbal Drugs. Pharmacuture Actual 2: 35.

Devon TK, Scott Al (1972). Handbook of Naturally Occurring Comp-
ounds. Academic Press, New York and London.

Egyptian Pharmacopoeia (1984). English text, Srd Ed., University press,
Cairo.

El-Shazly A, Dorai G, Wink M (2002). Composition and antimicrobial
activity of essential oil and hexane-ether of Tanacetum santolinoides
(DC) Feinbr. & Fertig. Z. Naturforsch. 57c: 620-623.

Emst E, Pittler MH (2000). The efficacy and safety of feverfew
(Tanacetum parthenium L.): an update of a systematic review. Public
Health Nutr. 3(4A): 509-514.

Evans WC (2002). Trease and Evans Pharmacognosy. 15th Ed., W.B.
Sauners Co. Ltd., London, Philadelphiat Torento, Sydney, Tokyo.

Finar IL (1973). Organic Chemistry 6 Ed., Longman group Ltd.,
England. p. 445.

Good JL, Akisha T (1997). Analysis of Sterols. ¥ Ed. Blackie
Academic and Professional Press. Champan and Hall.

Guzman ML, Jordan CT (2005). Feverfew: weeding out the root of
leukaemia. Expert. Opin. Biol. Ther. 5(9): 1147-1152.

Hendriks H, Ros, R, Woerdenbag HJ (1996). The essential oil of
Tanacetum parthenium (L.) Schultz-Bip. Flavor and Fragrance
Journal. 11 (6) :367-371.

Hewlett MJ, Begley MJ, Groenwegen W.A, Heptinstall S, Knight DW,
May J, Salan U, Toplis D (1996). Sesquiterpene lactones from fever-
few, Tanacetum parthenium: isolation, structural revision, activity
against human blood platelet function and implications for migraine
therapy”, J. Chem. Soc., Perkin Transduction |, 16: 1979-1986.

Hobbs C (1989). Feverfew Monograph”, Herbal Gram, 20: 26-35.

Hurst HM, Harborne JB (1967). Lipophilic and polar flavonoids in
Genus Tanacetum. Phytochemistry 6: 1111-1118.

Jain NK, Kulkarni SK (1999). Antinociceptive and anti -inflammatory
effects of Tanacetum parthenium L. extract in mice and rats. J.
Ethnopharmacol. 68(1-3): 251-259.

Kalodera Z, Peplijnjak S, Blazevic N, Petrak T (1997). Chemical com-
position and antimicrobial activity of Tanacetum parthenium essential
oil. Pharmazie 52 (11): 885-886.

Knight DW (1995). Feverfew: chemistry and biological activity. Nat.
Prod. Rep. 12 (3): 271-276.

Kwok BH, Koh B, Ndubuisi MI, Elofsson M, Crews CM (2001). "The
anti-inflammatory natural product parthenolide from the herb
Feverfew directly inhibits IkappaB kinase. Chem. Biol. 8(8): 759-766.

Long C, Sauleau P, David B, Lavaud C, Cassabois V, Ausseil F,
Massiot G (2003). Bioactive flavonoids of Tanacetum parthenium
revisited. Phytochemistry 64(2): 567-569.

Mabry JT, Markham KR, Thomas MB (1970). The Systematic
Identification of Flavonoids. Vol. | and Il, Springer Verlag, New York.



Mclimans WF, Davis EV, Glover FL, Rake GW (1957). Growth of
Human Tumor Cells in Suspension Cultures. J. Immumol. 79: 428.
Milbrodt M, Schroder F, Konig WA (1997). 3,4-beta-epoxy-8-deoxycu-
mambrin B, a sesquiterpene lactone from Tanacetum parthenium.

Phytochemistry 44 (3): 471-474.

Picman AK (1986). Biological activities of sesquiterpene lactones.
Biochem. Syst. Ecol. 14 (3): 255-281.

Rateb MEM, EI-Shamy AM, El-Hawary SS (2007). Quantitative
estimation of parthenolide in Tanacetum parthenium (L.) Schultz-Bip.
cultivated in Egypt. J. AOAC Int. 90(1): 21-27.

Ross IA (2001). Medicinal Plants of the World. Volume 2, 1% Ed.,
Humana press, Totowa, New Jersey, USA.

Sachdev K, Kulshreshtha DK (1985). Investigation of surface
flavonoids of Tanacetum vulgare. Phytochemistry 22 (5): 1253-1256.
Sam A, Stewart, R. N. and Norris, K. H.; (1975). Flavonoids as a

marker in Family Compositae. Phytochemistry 14: 1443-1444.

Staff Members of Department of Pharmacology, University of
Edinburgh; (1970). Pharmacological Experiments on Isolated
Preparations. 2" Ed., Edinburgh, London.

Stahl E (1969). Thin Layer Chromatography 2nd Ed., Springer Verlag,
Berlin, Heidelberg, New York.

Steel RGD, Torrie JH (1980). Principles and Procedures of Statistics. A
Biochemical Approach”, 2" Ed., McGraw-Hill Kogakusha, LTD. pp.
633-334.

http://www.bioline.org.br/request?0c97078

http://www.pubmedcentral.nih.gov/botrender.fcgi?blobtype=htmi&artid=
155878#B17

Taber, R. I.; Greenhouse, D.D.; Rendell, J. K. and Irwin, S.; (1969),
"Agonist and antagonist interactions of opioids on acetic acid-induced
abdominal stretching in mice" J. Pharm. Exp. Ther., 169, 29-38.

Teotine JM, Faris LP, Gadini A, DellaBella D (1963). The antipyretic
activity of acetyl salicylic acid in rats using yeast-induced
hyperthermia. J. Med. Chem. 6: 248-250.

Tutin TG, Clapham AR, Warburg EF (1964). Excursion Flora of British
Isles. Cambridge press, UK.

Wilcox N, Balafama HR (1984). Flavonoids and sterols of different
Chrysanthemum species", Biochem. Syst. Ecol. 12 (4): 357-361.

Williams CA, Harborne JB, Eagles J (1999A). Variations in lipophilic
and polar flavonoids in the genus Tanacetum, Phytochemistry 52:
1301-1306.

Williams CA, Harborne JB, Geiger H, Hoult JRS (1999B). The
flavonoids of Tanacetum parthenium and T. vulgare and their anti-
inflamatory properties. Phytochemistry 51 (2): 417-423.

Winter C, Risley E, Nuss GW (1962). Evans Blue-Carrageenan Pleural
Effusion as a Model for The Assay of Nonsteroidal Antirheumatic
Drugs. Proc. Soc. Exp. Biol. Med. 3: 544-546.

Wu C, Chen F, Rushing JW, Wang X, Kim HJ, Huang G, Haley-Zitlin V,
He G (2006). Antiproliferative activities of parthenolide and golden
feverfew extract against three human cancer cell lines. J. Med. Food.
9(1):55-61.



