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ABSTRACT

Twenty five bioactive phytochemical compounds were identified in the methanolic extract of Equisetum arvense and Alchemila
valgaris. The identification of phytochemical compounds is based on the peak area, retention time molecular weight and
molecular formula. GC/MS analysis of Equisetum arvense revealed the existence of the Cyclohexene, 4-isopropenyl-1-
methoxymethyl, a-D-Glucopyranoside, O-oa-D-Glucopyranosyl, Paromomycin, 3,6,9,12-Tetraoxatetradecan-1-ol,
Bicyclo[3.2.1] oct-6-ene-6,8-dimethanol, 1,7-dimethyl-4isopropyl, 2-Undecanone, 3-N,N-Dimethyllaurylammonio)
propanesulfonate, d-Mannose, 3-O-Methyl-d-glucose, 9,10-Secocholesta-5,7,10(19)-triene-3,24,25-triol, Benzaldehyde, 2-
chloro-4-hydroxy-3, Cyclopropa[3,4]cyclopenta [1,2-a]naphthalene, Furo[2,3-b]quinoline,4,6,7-trimethoxy, 2(1H)-
Phenanthrenone. GC/MS analysis of Alchemila valgaris revealed the existence of the Levoglucosenone, Spirost-8-en-11-
one, 3-hydroxy, Ethanol, 2-(9-Octadecenyloxy), 2,7-Diphenyl-1,6dioxopyridazino[4,5:2,3]pyrrolo, Estra-1,3,5(10)-trien-17f3-
ol, Octadecanal,2-bromo, Ethyl 9,12,15-octadecatrienote, 3-Pyridinecarboxylic acid,2,7,10-tris(acetyloxy)-1, SH-
Cyclopropa[3,4]benz[1,2-e]azulen-5-one, Stigmastan-3,5-diene and Tocopherol. It contains chemical constituents which may
be useful for various herbal remedy as anti-inflammatory, analgesic, antipyretic, cardiac tonic and antiasthamatic. The FT-IR
analysis of both Equisetum arvense and Althaea rosea seeds proved the presence of Alkenes, Aliphatic fluoro compounds,
Alcohols, Ethers, Carboxlic acids, Esters, Nitro Compounds and Alkanes.

Key words: Alchemila valgaris, Equisetum arvense, FT-IR, Gas chromatography-mass spectrometry,
Phytochemicals

INTRODUCTION

Phytochemicals are chemical compounds formed
during plants normal metabolic processes.
Equisetum arvense L. (Equisetaceae, subgenus
Equisetum) is a well-known and its sterile stems are
used as medicines in various countries (Dos et al.,
2005). Equisetum arvense L. (horsetail) is
traditionally used in the treatment of skin and for
oral infections among humans throughout Iraq. It is
as a bathing remedy for rheumatic diseases, gout,
and in the treatment protocol of tumescence, and
fractured bones in Europe (Dew et al., 2007,
Habauzit and Horcajada, 2008; Imad et al., 2015a;
Ameera et al., 2015). Horsetail is rich in sterols,
ascorbic acid, phenolic acids, flavonoids
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(D*Agostino et al., 1984; Wichtl, 1994) and
styrylpyrones (Veit et al., 1995; Nagai et al., 2004;
Odabasoglu et al., 1995). Several studies showed
a anti-inflammatory, antimicrobial and anti-
nociceptive (Broudiscou et al., 2000; Mekhfi et al.,
2004; Dos et al., 2005; Guilherme et al., 2005;
Aramwit and Sangcakul et al., 2007).

E. arvense has a high concentration of silica
(Holzhiter ef al., 2003) and it has been suggested
that this pays a significant contribution to its
medicinal properties, particularly on bone disorders
(Duke et al., 2002; Van and Wink, 2004; Wichtl,
2004) and diuresis (Graefe and Veit, 1999) and are
antioxidant (Trouillas et al., 2003), vasorelaxant
(Sakurai et al., 2003) antinociceptive, anti-
inflammatory (Martins et al., 2004) and possess
germination inhibitory activity (Hiraga et al., 1997).
Alchemila vulgaris L. (Syn. A. xanthochlora
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Rothm.) is the most commonly used species. It is
used as a folk medicine especially in north-east
region of Turkey (Kaya et al., 2012) and used
against mild or non-specific diarrhea is approved by
Commission E (Gruenwald et al., 2004). Another use
of Alchemilla species is for the adaptation to the
hormonal levels of the body in case of menopause
(Falchero et al., 2009). It is used to heal
inflammations in mouth, gynecological diseases,
bleeding of the nose and furuncules. This plant is
also considered to regulate the glandular activity of
uterine and reduce bleeding. Uses of the infusion
prepared with this plant as astringent, antidiarrhetic,
antiinflammatory and antisecptic are recorded
(Ivancheva et al., 2006; Kiselova et al., 20006).

A. vulgaris which is traditionally used of as an
antiinflammatory, folk remedy in Montenegro, to
treat mild and nonspecific diarrhea, menopausal
complaints and dysmenorrhea as well as ulcers,
eczema and skin rashes externally (Lans et al.,
2007; Menkovic et al., 2011). It is also used as
antihemorrhagic, antidiarrheal and astringent in
France (Trouillas et al., 2003; Kiselova et al., 2006;
Condrat et al., 2009; Kiselova et al., 2009,
Oktyabrskay et al., 2009; Pawlaczyk et al., 2009;
Condrat et al., 2009). The study of Ondrejovic
et al. (2009) showed the significantly higher
antioxidant activity of methanolic extract of A.
vulgaris in comparison with the extracts prepared
using n-hexane, chloroform, ethylacetate and water
as solvents (Djipa et al., 2000).

In vivo studies have shown the wound healing
activity of A. vulgaris and this activity is reported
to be associated with promitotic activity in
epithelial cells and myofibroblasts (Shrivastava
and John, 2006; Shirivastava et al., 2006; Slanc et
al., 2006; Imad et al., 2015b). A. vulgaris is also
reported to show inhibitory activity of pancreatic
lipase in the study of Slanc et al. (2006). Hence,
the present study was conducted to investigate
the bioactive phytochemical compounds in
the methanolic extract of horsetail (Equisetum
arvense) and Alchemila vulgaris seeds using gas
chromatography-mass spectrometry and fourier-
transform infrared spectroscopy.

MATERIALS AND METHODS

Collection and preparation of plant materials
Both E. arvense and A. vulgaris were purchased
from local market in Jbala, Iraq. After cleaning and
removal foreign materials the seeds were stored in
an air-tight container and then stored at room
temperature until further use. Eighteen grams of each
methanolic extract of plants powdered were soaked
in fourty ml methanol for ten hours in a rotatory
shaker (Huda ef al., 2015a). Whatman No.1 filter

paper was used to separate the extract of plant and
again filtered through sodium sulphate in order to
remove the moisture.

Gas chromatography — mass spectrum (GC/MS)
analysis

The GC-MS analysis of the plants extract was
made in a (QP 2010 Plus SHIMADZU) instrument
under computer control at 70 eV. About 1uL of the
methanol extract was injected into the GC-MS using
a micro syringe and the scanning was done for 45
minutes. As the compounds were separated, they
eluted from the column and entered a detector which
was capable of creating an electronic signal
whenever a compound was detected. The greater the
concentration in the sample, bigger was the signal
obtained which was then processed by a computer.
The time from when the injection was made (Initial
time) to when elution occurred is referred to as the
Retention Time (RT) (Mohammed and Imad, 2013;
Muhanned et al., 2015; Imad et al., 2014a). While
the instrument was run, the computer generated a
graph from the signal called a Chromatogram. Each
peak in the chromatogram represents the signal
created when a compound eluted from the Gas
chromatography column into the detector. The X-
axis showed the RT and the Y-axis measured the
intensity of the signal to quantify the component
in the sample injected. As individual compounds
eluted from the Gas chromatographic column, they
entered the electron ionization (mass spectroscopy)
detector, where they were bombarded with a stream
of electrons causing them to break apart into
fragments. The fragments obtained were actually
charged ions with a certain mass. The M/Z (Mass/
Charge) ratio obtained was calibrated from the graph
obtained, which was called as the Mass spectrum
graph which is the fingerprint of a molecule. Before
analyzing the extract using Gas Chromatography
and Mass Spectroscopy, the temperature of the oven,
the flow rate of the gas used and the electron gun
were programmed initially (Imad et al., 2014b).

The temperature of the oven was maintained at
100°C. Helium gas was used as a carrier as well as
an eluent. The flow rate of helium was set to 1ml
per minute. The electron gun of mass detector
liberated electrons having energy of about 70eV.
The column employed here for the separation of
components was Elite 1 (100% dimethyl poly
siloxane). The identity of the components in the
extracts was assigned by the comparison of their
retention indices and mass spectra fragmentation
patterns with those stored on the computer library
and also with published literatures. Compounds
were identified by comparing their spectra to those
of the Wiley and NIST/EPA/NIH mass spectral
libraries (Imad et al., 2015c).
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Fourier transform infrared spectrophotometer
(FTIR)

The samples was treated for Fourier transform
infrared spectroscopy (Shimadzu, IR Affinity 1,
Japan) then run at infrared region between 400 nm
and 4000 nm (Huda ef al., 2015b).

RESULTS AND DISCUSSION

Chromatogram GC-MS analysis of the methanol
extract of Equisetum arvense showed the presence
of fourteen major peaks (Table 1 and Figure 1) and
the components corresponding to the peaks were
determined as follows. The First set up peak were
determined to be Cyclohexene, 4-isopropenyl-1-
methoxymethyl, (Supplemental Figure 2). The
second peak indicated to be a-D-Glucopyranoside,
O-a-D-Glucopyranosyl (Supplemental Figure 3). The
next peaks were considered to be Cyclohexene, 4-
isopropenyl-1-methoxymethyl, o.-D-Glucopyranoside,
O-a-D-Glucopyranosyl, Paromomycin, 3,6,9,12-
Tetraoxatetradecan-1-ol, Bicyclo[3.2.1] oct-6-ene-
6,8-dimethanol,1,7-dimethyl-4isopropyl, 2-
Undecanone, 3-N,N-Dimethyllaurylammonio)
propanesulfonate, d-Mannose, 3-O-Methyl-d-
glucose, 9,10-Secocholesta-5,7,10(19)-triene-
3,24,25-triol, Benzaldehyde, 2-chloro-4-hydroxy-3,
Cyclopropa[3,4]cyclopenta[l,2-a]naphthalene,
Furo[2,3-b]quinoline,4,6,7-trimethoxy, 2(1H)-
Phenanthrenone (Supplemental Figure 4-15).
Fourier-transform infrared analysis of dry methanolic
extract of Equisetum arvense proved the presence

of Alkenes, Aliphatic fluoro compounds, Alcohols,
Ethers, Carboxlic acids, Esters, Alkanes, Hydrogen
bonded Alcohols and Phenols which shows major
peaks at 921.97, 1029.99, 1317.38, 2848.86,
3242.34 and 3242.34 (Table 2; Supplemental Figure
16). Gas chromatography and mass spectroscopy
analysis of compounds was carried out in methanolic
extract of Alchemila valgaris, shown in (Table 3).
The GC-MS chromatogram of the seventeen peaks
of the compounds detected was shown in
(Supplemental Figure 17). Chromatogram GC-MS
analysis of the methanol extract of Alchemila
valgaris showed the presence of twenty major peaks
and the components corresponding to the peaks
were determined as follows.

The First set up peak was determined to be
Levoglucosenone (Supplemental Figure 18). The
second peak indicated to be Spirost-8-en-11-one, 3-
hydroxy (Supplemental Figure 19). The next peaks
considered to be Ethanol, 2-(9-Octadecenyloxy), 2,7-
Diphenyl-1,6dioxopyridazino[4,5:2,3]pyrrolo, Estra-
1,3,5(10)-trien-17p3-ol, Octadecanal,2-bromo, Ethyl
9,12,15-octadecatrienote, 3-Pyridinecarboxylic
acid,2,7,10-tris(acetyloxy)-1, SH-Cyclopropa
[3,4]benz[1,2-e]azulen-5-One, Stigmastan-3,5-diene
and Tocopherol (Supplemental Figure 20-28).
Fourier-transform infrared analysis of dry methanolic
extract of Alchemila valgaris proved the presence of
Alkenes, Aliphatic fluoro compounds, Alcohols,
Ethers, Carboxlic acids, Esters, Nitro Compounds and
Alkanes which shows major peaks at 923.90, 1028.06,
1234.44, 1317.38, 2848.86 and 3064.89 (Table 4;
Figure 29).

Abundance

Time

Fig. 1. GC-MS chromatogram of methanolic extract of Equisetum arvense.
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Fig. 16. FT-IR peak values of Equisetum arvense.

Table 3. FT-IR peak values of Equisetum arvense

Peak (Wave

No. number cm-") Intensity Bond Functional group assignment Group frequency
1. 921.97 79.184 C-H Alkenes 675-995
2. 1029.99 62.802 C-F stretch Aliphatic fluoro compounds 1000-10150
3. 1236.37 78.502 C-0 Alcohols, Ethers, Carboxlic acids, Esters 1050-1300
4. 1317.38 80.070 NO2 Nitro Compounds 1300-1370
5. 1608.63 80.527 - Unknown -

6. 2310.72 91.627 - Unknown -

7. 2848.86 86.431 C-H Alkanes 2850-2970
8. 2918.30 84.008 C-H Alkanes 2850-2970
9. 3184.48 86.466 H-O H-bonded H-X group 2500-3500
10. 3242.34 85.351 O-H Hydrogen bonded Alcohols, Phenols 3200-3600
11. 3294 .42 84.707 O-H Hydrogen bonded Alcohols, Phenols 3200-3600
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Abundance

Time

Fig. 17. GC-MS chromatogram of methanolic extract of Alchemila valgaris.

Table 4. FT-IR peak values of Alchemila valgaris

No nzti?t‘)(ef'\,\é;v-?) Intensity Bond Functional group assignment Group frequency
1. 665.44 67.975 - Unknown -

2. 923.90 77.642 C-H Alkenes 675-995
3. 1028.06 62.478 C-F stretch Aliphatic fluoro compounds 1000-10150
4. 1045.42 62.874 C-F stretch Aliphatic fluoro compounds 1000-10150
5. 1234.44 80.863 C-0 Alcohols, Ethers, Carboxlic acids, Esters 1050-1300
6. 1317.38 80.571 NO2 Nitro Compounds 1300-1370
7. 1606.70 79.042 - Unknown -

8. 2308.79 92.088 - Unknown -

9. 2848.86 86.057 C-H Alkanes 2850-2970
10. 2918.30 83.438 C-H Alkanes 2850-2970
11. 3064.89 88.221 H-O H-bonded H-X group 2500-3500
12. 3184.48 85.812 H-O H-bonded H-X group 2500-3500
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Fig. 29. Fourier-transform infrared spectroscopy peak values of Alchemila valgaris.
CONCLUSION Broudiscou, L.P., Papon, Y. and Broudiscou, A.F.

Equisetum arvense and Alchemila valgaris are
native plants of Iraq. Thus the GC-MS analysis of
methanolic extract of both plants showed a highly
complex profile containing approximately twenty
five components. It contain phytochemical which
may be useful for various herbal formulation as
antipyretic, analgesic, cardiac tonic, antiasthamatic
and anti-inflammatory.

ACKNOWLEDGEMENTS

We thank Dr. Abdul-Kareem Al-Bermani, Lecturer,
Department of Biology, for valuable suggestions and
encouragement.

REFERENCES

Ameera, O.H., Imad, H.H., Huda, J. and Muhanned,
A.K. (2015). Determination of Alkaloid
Compounds of Ricinus communis by gas
chromatography- mass spectroscopy (GC-MS).
Journal of Medicinal Plants Research 9(10):
349-359.

Aramwit, P. and Sangcakul, A. (2007). The effects
of sericin cream on wound healing in rats.
71(10): 2473-2477.

(2000). Effects of dry plant extracts on
fermentation and methanogenesis in continuous
culture of rumen microbes. Anim Feed Sci
Technol. 87(3): 263-277.

Condrat, D., Crisan, F., Szabo, M.R., Chambree, D.R.
and Lupea, A.X. (2009). Flavonoids in Angio-
spermatophyta and Spermatophyta species and
their antioxidant activity, Revista de Chimie.
60: 1129-1134.

Condrat, D., Mosoarca, C., Zamfir, A.D., Crisan, F.,
Szaba, M.R. and Lupea, A.X. (2010). Qualitative
and quantitative analysis of gallic acid in
Alchemilla vulgaris, Allium ursinum, Acorus
calamus and Solidago virgaaurea by chip-
electrospray ionization mass spectrometry and
high performance liquid chromatography.
Central European Journal of Chemistry. 8(3):
530-535.

D‘Agostino, M., Dini, A., Pizza, C., Senatore, F. and
Aquino, R. (1984). Sterols from Equisetum
arvense. Boll. Soc. Ital. Biol. Sper. 60: 2241-
2245.

Dew, T.P., Day, A.J. and Morgan, M.R. (2007). Bone
mineral density, polyphenols and caffeine: a
reassessment. Nutr. Res. Rev. 20: 89-105.

Djipa, C.D., Delmee, M. and Quetin-Leclercq, J.
(2000). Antimicrobial activity of bark extracts
of Syzygium jambos (L.) Alston (Myrtaceae).
Journal of Ethnopharmacology 71: 307-313.



BIOACTIVE PHYTOCHEMICAL COMPOUNDS OF Equisetum arvense AND Alchemila valgaris SEEDS 57

Dos Santos, J.G., Blanco, M.M. and Do Monte, F.H.
(2005). Sedative and anticonvulsant effects of
hydroalcoholic extract of Equisetum arvense.
Fitoterapia 76(6): 508-513.

Duke, J., Bogenschutz, J., du Cellier, J. and Duke,
P. (2002). Handbook of Medicinal Herbs, 2nd
Ed. pp. 391-392. Boca Raton, FL: CRC Press.

Falchero, L., Coppa, M., Fossi, A., Lombardi, G.,
Ramella, D. and Tava, A. (2009). Essential oil
composition of lady’s mantle (Adl/chemilla
xanthochlora Rochm.) growing wild in Alpine
pastures, Natural Product Research: Formerly
Natural Product Letters. 23(15): 1367-1372.

Graefe, E.U. and Veit, M. (1999). Urinary meta-
bolites of flavonoids and hydroxycinnamic
acids in humans after application of a crude
extract from Equisetum arvense. Phytomedicine
6: 239-246.

Gruenwald , J., Brendler, T. and Jaenicke, C. (2004).
Physician’s Desk Reference (PDR) for Herbal
Medicines, 3rd Ed, Thomson PDR, Montvale, p.
497.

Guilherme, S., Hoffmann, M.F. and Marcela, B.M.
(2005). Cognitive enhancement in aged rats
after chronic administration of Equisetum
arvense L. with demonstrated antioxidant
properties in vitro. Pharmacol Biochem Behav.
81(3): 593-600.

Habauzit, V. and Horcajada, M.N. (2008). Phenolic
phytochemicals and bone. Phytochem. Rev. 7:
313-344.

Hiraga, Y., Taino, K., Kurokawa, M., Takagi, R. and
Ohkata, K. (1997). (-)-Loliolide and other
germination inhibitory active constituents in
Equisetum arvense. Nat Prod Lett. 10: 181-186.

Holzhiter, G., Narayanan, K. and Gerber, T. (2003).
Structure of silica in Equisetum arvense. Anal.
Bioanal. Chem. 376: 512-517.

Huda, J., Ameera, O.H., Imad, H.H. and Muhanned,
A.K. (2015a). Characterization of alkaloid
constitution and evaluation of antimicrobial
activity of Solanum nigrum by using (GC-MS).
Journal of Pharmacognosy and Phytotherapy
7(4): 56-72.

Huda, J., Imad, H.H. and Muhanned, A.K. (2015b).
Analysis of alkaloid phytochemical compounds
in the ethanolic extract of Datura stramonium
and evaluation of antimicrobial activity.
African J. of Biotechnology 14(19): 1668-1674.

Imad, H.H., Israa, A. and Hawraa, J. (2015a). Gas
chromatography mass spectrum and fourier-
transform infrared spectroscopy analysis of
methanolic extract of Rosmarinus oficinalis
leaves. Journal of Pharmacognosy and Phyto-
therapy 7(6): 90-106.

Imad, H.H., Mohammed, A.J. and Muhanned, A.K.
(2015b). Forensic analysis of mitochondrial
DNA hypervariable region HVII (encompassing
nucleotide positions 37 to 340) and HVIII
(encompassing nucleotide positions 438-574)
and evaluate the importance of these variable
positions for forensic genetic purposes. Afirican
J. of Biotechnology 14(5): 365-375.

Imad, H.H., Huda, J., Muhanned, A.K. and Ameera,
O.H. (2015c¢). Alkaloid constitution of Nerium
oleander by using gas chromatography- mass
specroscopy (GC-MS). Journal of Medicinal
Plants Research 9(9): 326-334.

Imad, H., Ameer, 1., Mohammed, A., Cheah, Y. and
Aamera, J. (2014a). Haplotypes and variable
position detection in the mitochondrial DNA
coding region encompassing nucleotide
positions 10,716—11,184. Mitochondrial DNA
1-6.

Imad, H., Mohammed, A., Aamera, J., Ameer, . and
Cheah, Y. (2014b). Haplotype data of mito-
chondrial DNA coding region encompassing
nucleotide positions 11,719-12,184 and
evaluate the importance of these positions for
forensic genetic purposes in Iraq. Mitochondrial
DNA 1-4.

Ivancheva, S., Nikolova, M. and Tsvetkova, R.
(2006). Pharmalogical activities and bio-
logically active compounds of Bulgarian
medicinal plants. Phytochemistry: Advences in
Research 87-103.

Kaya, B., Menemen, Y. and Saltan, F.Z. (2012).
Flavonoids in the endemic species of Alchemilla
L., (section Alchemilla L. subsection
Calycanthum Rothm. Ser. Elatae Rothm.) from
North-east Black Sea Region in Turkey.
Pakistan Journal of Botany 44(2): 595-597.

Kiselova, Y., Ivanova, D., Galunska, B.,
Chervenkov, T., Gerova, D. and Yankova, T.
(2006). Polyphenol content and in vitro
antioxidant activity of aqueous-alcoholic
extracts from bulgarian herbs, Bulletin of The
Madical Institute After Mehrabyan, 78-83.

Kiselova, Y., Ivanova, D., Trendafilova, A.,
Marinova, S., Zapryanova, Y. and Todorova, M.
(2011). Antioxidant activity and total phenolic
content of fractions from selected Bulgarian
medicinal plants. Acta Fytotechnica et
Zootechnica 1: 13-16.

Kiselova, Y., Ivanova, D.B., Chervenkov, T., Gerova,
D. and Galunska, Y.T. (2006). Correlation
between the in vitro antioxidant activity and
polyphenol content of aqueous extracts from
Bulgarian herbs. Phytotheraphy Research 20:
961-965.



58 BIOACTIVE PHYTOCHEMICAL COMPOUNDS OF Equisetum arvense AND Alchemila valgaris SEEDS

Lans, C., Turnet, N., Khan, T., Brauer, G. and
Boepple, W. (2007). Ethnoveterinary medicines
used for ruminants in British Columbia, Canada.
Journal of Ethnobiology and Ethnomedicine 3:
11.

Martins, D.M., Santos, J.G., Russi, M., Lanziotti,
V.M., Leal, L.K. and Cunha, G.M. (2004).
Antinociceptive and anti-inflammatory
properties of the hydroalcoholic extract of stems
from Equisetum arvense L. in mice. Pharmacol
Res. 49: 239-243.

Mekhfi, H., El Haouari, M. and Legssyer, A.
(2004). Platelet antiaggregant property of some
Moroccan medicinal plants. J Ethnopharmacol.
94(2-3): 317-322.

Menkovic, N., Savikin, K., Tasic, S., Zdunic, G.,
Stesevic, D., Milosavljevic, S. and Vincek, D.
(2011). Ethnobotanical study on traditional
uses of wild medicinal plants in Prokletije
Mountains (Montenegro). Journal of Ethno-
pharmacology 133: 97-107.

Mills, S. and Bone, K. Principle and Practise of
Phytotherapy Modern Herbal Medicine,
Churchill Livingstone, p.170, 254, 2000.

Muhanned, A.K., Ameer, [.A., Imad, H.H. and
Mohammed, A.J. (2015). A New Polymorphic
Positions Discovered in Mitochondrial DNA
Hypervariable Region HVIII From Central and
North-Central of Iraq. Mitochondrial DNA 1-5.

Mohammed, A. and Imad, H. (2013). Autosomal
STR: From locus information to next generation
sequencing technology. Research Journal of
Biotechnology 8(10): 92-105.

Nagai, T., Myoda, T. and Nagashima, T. (2004).
Antioxidative activities of water extract and
ethanol extract from field horsetail (tsukushi)
Equisetum arvense L. Food Chem. 9: 389-394.

Odabasoglu, F., Aslan, A., Cakir, A., Suleyman, H.,
Karagoz, Y., Halici, M. and Bayir, Y. (2004).
Comparison of antioxidant activity and
phenolic content of three lichen species.
Phytoth. Res. 18: 938-941.

Oktyabrskay, O., Vysochina, G., Muzyka, N.,
Samoilova, Z., Kukushkina, T. and Smirnova, G.
(2009). Assessment of anti-oxidant activity of
plant extraxts using microbial test systems.
Journal of Applied Microbiology 106: 1175-
1183.

Ondrejovic, M., Ondrigova, Z. and Kubincova, J.
(2009). Isolation of antioxidants from
Alchemilla vulgaris. Nova Biotechnologica
9(13): 313-318.

Pawlaczyk, 1., Czerchawski, L., Pilecki, W.,
Lamer-Zarawska, E. and Gancarz, R. (2009).
Polyphenolicpolysaccharide compounds from
selected medicinal plants of Asteraceae and
Rosaceae families: chemical characterization
and blood anticoagulant activity.
Carbohydrate Polymers T7: 568-575.

Shirivastava, R., Cucuat, N. and John, G.W. (2007).
Effects of Alchemilla vulgaris and glycerine on
epithelial and myofibroblast cell growth and
cutaneous lesion healing in rats. Phytotherapy
Research 21: 369-373.

Shrivastava, R. and John, G.W. (2006). Treatment of
aphthous stomatitis with topical Alchemilla
vulgaris in gycerine. Clinical Drug Investiga-
tion 26(10): 567-573.

Slanc, P., Doljak, B., Kreft, S., Lunder, M., Janes, D.
and Strukelj, B. (2009). Screening of selected
food and medicinal plant extracts for pancreatic
lipase inhibition. Phytotherapy Research 23:
874-8717.

Sommer, L., Mintzer, L. and Rindasu, G. (1962).
Antimicrobial activity of the volatile oil
extracted from Equisetum arvense. Farmacia
10: 535-541.

Trouillas, P., Calliste, C.A. and Allais, D.P. (2003).
Antioxidant, anti-inflammatory and anti-
proliferative properties of sixteen water plant
extracts used in the Limousin countryside as
herbal teas. Food Chem. 80: 399-407.

Trouillas, P., Calliste, C.A., Allais, D.P., Simon, A.,
Marfak, A., Delage, C. and Duroux, J.L. (2003).
Antioxidant, anti-inflammatory and anti-
proliferative properties of sixteen water plant
extracts used in Limousin countryside as herbal
teas. Food Chem. 80: 399-407.

Van, W. and Wink, M. (2004). Medicinal Plants of
the World, pp. 136. Portland, OR: Timber Press.

Veit, M., Geiger, H., Kast, B., Beckert, C., Horn, C.,
Markham, K., Wong, H. and Czygan, F. (1995).
Styrylpyrone glucosides from Equisetum.
Phytochemistry 39: 915-917.

Wichtl, M. (2004). Herbal Drugs and Phyto-
pharmaceuticals, 3rd edn, pp. 195-199. Boca
Raton, FL: CRC Press.

Wichtl, M. (1994). Herbal drug and phyto-
pharmaceuticals; Medpharm  Scientific
Publishers: Stuttgart. pp. 188-191.



