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Abstract

Three extracts o€alendulae officinalis flofAsteraceae): heptane, ethyl acetate and methanol were introduced to a human skin fibroblast
(HSF) cells culture and a culture of human breast cancer cells (T47D), cell culture collection ECACC number 85102201. The ethyl acetate but
not the heptane and methanol extracts in concentrations aba@@%, can stimulate cell proliferation and cellular metabolism by increase
of mitochondrial dehydrogenase activity. However, concentrations exceedjogfmh are toxic for cells.

The second part of the study concerned elaborating of optimal chromatographic systems for quantitative analysis of these extracts by
the use of HPTLC with densitometry. Oleanolic adidamyrin, 3-amyrin acetate, rutin, narcissin, 3-glucoside of isorhamnetin, quercetin,
isoquercitrin, vanillic acid, caffeic acid, chlorogenic acid, protokatechuic aetdumaric acid and syringic acid were all identified.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tive compounds occurring in this plant over the last years
[5-8].

With the trend of ‘coming back to nature’ in the last According to the literature data the plant contains triter-
years, the more frequent use of plant medicines, the num-penes, phenolic acids, flavonoids and carotenoids. In screen-
ber of studies on the therapeutic useG#lendulae offici- ing of the natural marigold products one can also rely on
nalis floshas increased as welL. officinalis flosis a safe cell cultures. They allow conducting experiments, the real-
drug applied in skin inflammation, regardless of the fact isation of which on the whole organism would be impos-
whether the inflammation is caused by infection or lacer- sible. In classic monolayer cultures (for instance on glass
ation [1,2]. The C. officinalis floshas a healing effect on  or plastic), multiplying cells form a uniform layer. Normal
external bleeding, cuts and bruises as well as strained mus-<ells, distinct from cancerous cells, cannot grow in a mul-
cles. It is also recommended for difficult wounds and vari- tilayer because of the interactions between the membranes
cose ulcerations of the lower leg€. officinalis flosis a of the neighboring cells, which initiate the so-called con-
constituent of many medical preparations such as unguentstact growth inhibition, examples of such cells are human
tinctures, dental gels, etf3,4]. There has been a great in- skin fibroblasts (strain of HSF cells) taken from the frag-
crease in the domain of identification of biologically ac- ment of skin of the forearm from a healthy donor with
no dermatological problems (with the agreement of the pa-
tient).

Individual variation of donors due to genetic and environ-
mental factors will be a subject of the next paper.

* Corresponding author.
E-mail addresskosiorma@wp.pl (G. Matysik).
1 Scholarship holder for Foundation of Polish Science.

0731-7085/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2004.12.034



286 G. Matysik et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 285-292

2. Material and methods mixture consisting of 10% sodium dodecyl sulfate (SDS) in
0.01 ML~ HCI. The product was quantified spectrophoto-
Methanol, ethyl acetate and heptane extracts.dfffici- metrically by absorbance measurementat570 nmwavelength

nalis flos(Herbapol S.A., Lublin, Poland) were prepared by using an E-max Microplate Reader (Molecular Devices Cor-
heating 20 g of plant material with 300 mL of solvent for poration, Menlo Park, CA, USA).

5h at temperature 6@ under reflux. Each of these extracts

was concentrated under reduced pressure &€30 100 mL. 2.3. Establishment of HSF cell culture

Methanol, ethyl acetate and heptane extracts were used for

determination of flavonoids and pentacyclic triterpenes. For  Freshly excised skin fragments were washed two times us-
phenolic acids analysis 100 mL of the extract examined was ing RPMI (1640) medium (Roswell Park Memorial Institute);
evaporated to dryness, washed with hot water (50 mL) and Gibco BRL (UK) supplemented with antibiotics (penicillin,
cooled under refrigeration for 24 h. The tar-like precipitates, streptomycin, amphotericin B) and then placed into wells of
containing ballasts were filtered and washed with distilled 24-well plate. The explants were then overlaid with a warm
water. The filtrates obtained in this way were defatted by 1:1 (v/v) mixture of 1% agarose and RPMI 1640 medium.
double shaking with petroleum ether (30 mL samples) and The culture was performed by adding culture medium RPMI
next were extracted 10 times with diethyl ether (20 mL). The 1640 supplemented with 10% foetal bovine serum FBS on
combined ether extracts were evaporated to dryness undetop of agarose gel and incubated af&7in a humidified 5%
reduced pressure and the dry residue was dissolved in 5 mLCO,/95% air incubator. Outgrowths of skin fibroblasts were
of methanol. separated and cultured.

For cell culture, 10 mL each of the extracts were evapo-  The biological experiments were repeated six times. Data
rated to dryness. The dry residue was dissolved in dimethyl were analysed using Student$est. Significance was re-
sulfoxide (DMSO)[9-11]. ported ap<0.05.

The used cell line (T47D) was obtained from cell culture
collection ECACC number 85102201 human breast cell car- 2.4. HPTLC
cinoma epithelial.

HPTLC separation of the components of extracts (abbre-
2.1. The trypan blue exclusion test viation: heptane, ethyl acetate and methanol) was performed
on 10cmx 10cm or 10cmx 20cm glass HPTLC plates

The use of viability stain trypan blue (0.4%, Sigma) en- coated with silica gel Si60Js4 HPTLC plates (E. Merck,
ables to perform a quantitative analysis of the condition of the Darmstadt, Germany). Before use the plates were washed
culture. Trypan blue is a stain that enters only across the mem-with methanol and dried for 20 min at room temperature.
branes of non-viable/dead cells. After detaching cells from The standards were purchased from Sigma Chemical Co.
the tissue culture flask by trypsinization, a cell suspension (St. Louis, MO, USA).B-Amyrin (0.01%) andp-amyrin
was mixed with trypan blue solution, 3-5min later colored acetate (0.01%) were dissolved in ethyl acetate; oleanolic
(non-viable) and dye-excluding (viable) cells were counted acid (0.01%), flavonoids and phenolic acids were dissolved

and the percentage of viable cells was determined. in methanol (0.01%). Ten or thirty microlitre samples of
standards and extracts were spotted by means of an AS 30
2.2. MTT assay automatic applicator (Desaga, Heidelberg, Germany) under

nitrogen at 2.5 atm. Chromatograms were developed in hori-

Sensitivity of cells on marigold extracts activity was dete- zontal Teflon DS chambers (Chromdes, Lublin, Poland) on a
rmined by a standard spectrophotometric 3-(4,5-dimethylth- distance of 8.5cm.
iazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay Mixed phases were used; for triterpenes: hexane, dichlo-
[4]. Cells grown in 96-well multiplates were incubated for romethane, methanol, water (4:5:0.9:0.1, v/v); for flavonoids:
3 hwith MTT solution (5 mg/mL) (Sigma). The yellow tetra-  toluene, ethyl acetate, formic acid, water (1:9:2.5:2, v/v); for
zolium salt was metabolized by viable cells to purple crys- phenolic acids: heptane, dichloromethane, diisopropyl ether,
tals of formazan. The crystals were solubilized overnightin a formic acid, water Table 1.

Table 1
The programs used for multiple gradient elution for phenolic acids
Mobile phase Step no.
1 2 3 4 5 6
Heptane/dichloromethane (7:3) 60 60 60 60 80 80

containing 0.1 mL of formic
acid (% v/v)
Diisopropyl ether (% v/v) 40 40 40 40 20 20
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The location of the spots was determined: for phenolic 3. Results and discussion
acids under UV light X =366 and 254 nm); for flavonoids
after spraying with 1% methanolic diphenylboric agid- The viability and proliferation activity of normal human
ethylamino ester (diphenylboryloxyethylamine, NP) and fol- skin fibroblasts (HSF) and human breast carcinoma cell line
lowed by 5% ethanolic polyethylene glycol-4000 (PEG) (T47D)inthe presence of different concentrations of extracts
under UV light 2 =366 nm; for triterpenes: after spraying (25-250ug/mL) of C. officinalis flosvas investigated. Sam-
with anisaldehyde-sulphuric acid reagent (AS) and heating ples of the herbal extracts were applied for standard concen-
at 100°C for 5 min in daylight or UV» =366 nm[12]. tration ranges tested in biological in vitro investigation on
Videodocumentation was obtained by use of videoscaning human cells. Preliminary investigations show that concentra-
equipment Desaga VD-40 comprising an Hitachi CCD video tions of the herbal extracts in the 25-25¢/mL range were
camera. The documentation was processed with ‘ProViDoc’ optimal for assessing the stimulation of proliferation of cells
software, running under Microsoft Windows 98/NT/2000, and toxicity analysis.
adapted to work with the camera. The activity of three (methanol, ethyl acetate and hep-
Densitograms were obtained by use of a Desaga CD 60tane) extracts o€. officinalis floson the proliferation and
densitometer controlled by a Pentium computer. For qualita- viability of normal human skin fibroblasts (HSF) and hu-
tive purposes linear scans were obtained with slit dimension man breast carcinoma (T47D) cell lines were compared.
of 0.1 mmx 2mm ati =254 and 366 nm for phenolic acids HSF and T47D cells were seeded at a density of 2 and

and flavonoids) =520 nm for triterpenes. 4 x 10* cells/mL, respectively. The experiments were carried
The chromatographic experiments were repeated threeout during 72 h with results read every 24 h. Parallel, a 24 h
times. experiment aimed at toxicity analysis of the tested biologi-
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Fig. 1. The effect of 24 h treatment with extractsfofficinalis floson: (A) T47D cells (4x 10°cells/mL), (B) HSF cells (& 10° cells/mL). The MTT assay.
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Table 2
The effect of 24 h treatment with marigold extracts on HSF cells {T° cells/mL) and T47D cells (4 10° cells/mL), the trypan blue exclusion test
Kind of extract Extract Percentage of Standard Percentage of Standard
concentration viable HSF deviation of the viable T47D deviation of the
(rng/mL) cells, confidence mean, cells, confidence mean,
level 95% S=s/Jn level 95% S=s/Jn
Methanol extract 25 9043.1 1.206 906t 3.5 1.361
75 0.6£0.5 0.194 14.27.8 3.035
125 0 0 0.4-0.6 0.233
Ethyl acetate extract 25 89481.8 0.700 89.4 35 1.361
75 70.7£6.4 2.490 58.4-3 1.167
125 26.7+10.4 4.046 10.43.8 1.478
Heptane extract 25 8882.4 0.933 87.82.2 0.856
75 0 0 18.8£4.4 1.712
125 0 0 0 0
Control 95+ 3 1.167 96.2-1.2 0.466

cally active compounds on HSF {110° cells/mL) and T47D  tion 125pg/mL, the percent of viable HSF cells was 26.7
(4 x 10P cells/mL) monolayers were carried out. and for T47D cells was 10.4. That result was also confirmed

According to our data, the ethyl acetate extract had the by mitochondrial dehydrogenase activity test (MTHY. 1).
lowest toxicity (trypan blue exclusion test) both to the HSF The optimal concentration, that both stimulated enzyme ac-
and T47D cell monolayersTéble 9. Just at the concentra- tivity and had no toxicity for the cells was about 2§/mL.

Table 3
The effect of 24-72 h treatment with marigold extracts on HSF celis{@cells/mL) and T47D cells (4 10 cells/mL), the trypan blue exclusion test
Kind of extract Time of culture (h) Extract Percentage of Standard Percentage of Standard
concentration viable HSF deviation of the viable T47D deviation of the
(prg/mL) cells, confidence  mean, cells, confidence  mean,
level 95% S =s//n level 95% S =s//n
Methanol extract 24 25 921.6 0.620 89:2.8 1.089
50 15+0.6 0.233 72£10.2 3.891
75 0 0 0 0
48 25 91+ 2.6 1.011 7@t 5.7 2.217
50 0.2+0.4 0.155 48. %9 3.501
75 0 0 0 0
72 25 78+2.6 1.011 78.86.7 2.607
50 0.2+0.4 0.155 36.%3 1.167
75 0 0 0 0
Ethyl acetate extract 24 25 9452 .4 0.933 93.4-15 0.583
75 84.7+ 4.2 1.634 79.%7 2.723
125 0.2+0.4 0.155 66t 5.2 2.023
48 25 87.8:3.7 1.439 96+ 1.6 0.622
75 85.3+3.5 1.361 4435 1.361
125 0 0 0 0
72 25 80+ 1.7 0.661 93.6:1.8 0.700
75 81.3+3.1 1.206 39.34 1.556
125 0 0 0 0
Heptane extract 24 25 9%62.4 0.933 93.25.6 2.178
50 0.2+£0.4 0.155 12.6:5.3 2.062
75 0 0 0 0
48 25 88+ 1 0.389 83.8:1.7 0.661
50 0 0 0 0
75 0 0 0 0
72 25 70.3:2.5 0.972 73 4.6 1.789
50 0 0 0 0
75 0 0 0 0
Control 24 9H1.2 0.466 95.5%1.6 0.620
48 94.3+15 0.583 96.5%1.4 0.544

72 95.8+2 0.778 96. 4 1.2 0.466
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Heptane and methanol extracts in concentrations exceedingively, for HSF cells and 79.3, 44 and 39.3% for T47D cells.
25upg/mL were toxic after 24 h incubation for both analysed Moreover, mitochondrial dehydrogenase activity of normal
cell cultures. Next, the viability and proliferation activity of fibroblasts (HSF) was more resistant to the inhibitory influ-
cells (density of 2 and 4% 10*cells/mL) during 72h incu-  ence of ethyl acetate extract than tumor cells (T47D). The
bation with the tested extracts was analysed. Ethyl acetateresults showed that concentrations up tqugsmL had no
extract was less toxic for cells and stimulated proliferation significant influence on dehydrogenase activity or the via-
better than the heptane and methanol orfeblé 3. For bility of HSF cells. On the other hand, there was a gradual,
ethyl acetate extract at concentration ofufgmL the viabil- time and concentration dependent decrease of the analysed
ity after 24, 48 and 72h was 84.7, 85.3 and 81.3%, respec-parameters on T47D cells after incubation with these extract
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Fig. 2. The effect of 24-72 h treatment with extract€obfficinalis floson T47D cells (4< 10%cells/mL). The MTT assay. (A) 24 h, (B) 48 h, (C) 72h.
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concentrationsHigs. 2and 3. The differences in extractcon-  cell culture (2x 10 cells/mL) (Tables 2 and 8 Therefore, it
centration activity that were observed may be due to at leastjs suggested that substances that are present in ethyl acetate
two reasons. First, inhibition of mitochondrial dehydroge- extracts may be responsible for flesh-wound healing.

nase activity by marigold extracts came far after destruction  |nteresting conclusions on proliferation and viability of
of cellular membrane that could be also more sensitive to normal human skin fibroblasts (HSF) and human breast
its action. Second, inhibition of the enzyme activity could carcinoma (T47D) cell lines encouraged us to carry out
be a result of cellular membrane destruction and death of 3 quantitative study of three extracts @f officinalis flos

the cell, but not caused by influence of extract componentspy the use of HPTLC combined with densitometry. This
on mitochondrial functions. To resolve this problem further part of the study was concerned with the elaboration of
investigations are needed. However, the results of investiga-the optimal chromatographic systems for the separation of
tions of human skin fibroblast (HSF) indicate, that high den- the components of the plant extracts. The objective was to
sities of cells culture (k 10° cells/mL) are better adaptedto  acquire the greatest number of well-developed zones. In the
concentrations of ethyl acetate extract than low densities of study, chromatographic systems elaborated earlier (e.g., for
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Fig. 3. The effect of 24-72 h treatment with extract€obfficinalis floson HSF cells (2 10* cells/mL). The MTT assay. (A) 24 h, (B) 48 h, (C) 72h.
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Fig. 5. Results from HPTLC of the ethyl acetate (cal.(oct)) and methanol
(cal.(met)) extracts o€. officinalis flos—investigation of phenolic acids.
Zone and standard no.: 2, protocatechuic acid; 3, vanillic acid; 5, syringic
acid; 8, caffeic acid; 7, chlorogenic acid; I®coumaric acid; 12, ferulic
acid; 14, 15, not identified. Chromatographic system: Si60, mobile phase as
in Table 1 Video documentation: ProViDoc-Desaga 254 nm.

Fig. 4. Results from HPTLC of the extracts@f officinalis flos—investiga- rutin, nqrmssm, 3-g|uco§|de Of_ |sorhampet|n, '§9querC|trln’
tion of triterpenes. Chromatographic system: Si60/hexane +dichlorome- quercetin and the following acids: caffeic, vanillic, chloro-
thane + methanol +water (4:5:0.9:0.1). Zone no.: 10, oleanolic acid; 6, genic, protokatechui@-coumaric and syringic.

B-amyrin; 2, B-amyrin acetate. Video documentation: ProViDoc-Desaga Polyphenolic compounds have a wide spectrum of bio-
(+=520nm). logical activity, including viro- and cytostatic-anti-oxidant,
anti-inflamatory and anti-fungal actigh6—20]

separating phenolic acids) were used and applied for the The best chromatographic system for triterpenes was:
chromatographic analysis. silica gel Si60 (HPTLC) and the mixed solvent hex-

For the heptane and ethyl acetate extracts special attentiorane/dichloromethane/methanol/water (4:5:0.9:0.1, v/v) as a

was given to triterpene fraction: the standards were: oleanolicmobile phase. In the heptane extract 10 zones were obtained
acid,B-amyrin and3-amyrin acetate. in which B-amyrin was identified3-Amyrin acetate and

Triterpene derivatives have strong anti-inflammatory, anti- oleanolic acid were absent. In comparison with the heptane

edematous, anti-viral, anti-allergic and anti-tumor activity extract, the zone numbered 12 in the ethyl acetate extract oc-
curred in higher concentration, and an additional zone num-

[13-15]
In ethyl acetate and methanol extracts, flavonoids and phe-bered 13 appeared. As in case of heptane and ethyl acetate
nolic acids were analysed. The reference substances wereextracts, in the methanol extraétig. 4) the presence ds-
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Fig. 6. Densitogram of the methanol extracbfficinalis flo{A = 366 nm). Abbreviation: a rutin, b narcissin, c chlorogenic acid, d isoquercitrin, e 3-glucoside
of isorhamnetin; the densitogram “2” is the mixture of standards.
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amyrin was detected, howevé;amyrin acetate, oleanolic The compounds present in ethyl acetate extract have
acid and zone no. 1 and 3 were absent. positive influence on cells cultureFigs. 4 and % and
A further part of the study was concerned with the analysis therefore may help in flesh-wound healing in patients in
of free phenolic acids in the ethyl acetate and methanol ex- vivo.
tracts. In HPTLC the simple phase system was applied, which ~ Their mutual action and the possibility of synergism could
is: a polar adsorbent—silica gel Si 60 and medium polar mo- be controlled by microbiological methods in vitro, which
bile phase. The best results were obtained by the technique ofvould be the subject of future investigations.
multiple development of chromatografl] with gradient
according to the scheme giveniiable 1 Phenolic acids were
identified against standards in methanol solutions (0.01%) of References
these compound$-g. 5).
In HPTLC the higheshR: values (=50) were obtained [1] D.P. Bruynzeel, W.G. Van Ketel, E. Young, Contact Dermat. 27
for vanillic acid (zone no. 3) and the lowest for caffeic acid (1992) 278-279. . . .
. ) _ [2] N. De Tommasi, C. Conti, M.L. Stein, C. Pizza, Planta Med. 57
(zone no. 8) and chlorogenic acidR; = 0). In the methanol (1991) 250-253.
extract the free phenolic acids occurred in greater concen- (3] N.G. Bisset, Herbal Drugs and Phytopharmaceuticals: A Handbook
trations than in ethyl acetate extract. In the methanol extract  for Practice on a Scientific Basis Medpharm, Scientific Publishers,
of marigold, flavonoids were also examindeig. 6). Four Stuttgart and CRC Press, Boca Raton, USA, 1994.
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