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Abstract
The objectives of this study were to establish the microscopic characteristics of Forsythia viridissima L., golden bell (Oleaceae) to bring information about its chemical composition and to test its activity on plant cell division. The raw material was harvested from Romania (Arges County) in April (for flowers) and in May 2006 (for leaves).

Microscopically we identified the following specific anatomical elements: trichomes and glandular hairs, chromoplasts in petal epidermic cells. The chemical determinations showed the presence of flavonoids (0.318 + 0.102% in flowers, 0.168 + 0.095% in leaves; expressed as rutin), total hydroxycinnamic acid derivatives (3.481 + 0.446% in flowers, 5.825 + 0.674% in leaves; expressed as chlorogenic acid), iridoides, triterpenes, coumarins, tannins, sterols, carotenoids, monosaccharides, polysaccharides and non-alkaloid nitrogen containing compounds.

Triticum bioassay showed a total mitoinhibitory activity for the 3.0% aqueous extract of Forsythiae viridissimae flos.

Rezumat
Obiectivele acestui studiu asupra speciei Forsythia viridissima L., forsiţia, clopoţei galbeni (Oleaceae) constau în stabilirea caracterelor microscopice, a compoziţiei chimice şi în testarea acţiunii asupra diviziunii celulei vegetale.  Materia primă a fost recoltată din România (judeţul Argeş) în lunile aprilie (florile) şi mai 2006 (frunzele).

Microscopic s-au identificat următoarele elemente specifice: peri tectori, peri glandulari şi cromoplaste globoide în epiderma petalelor.

Prin examenul chimic s-a stabilit prezenţa flavonozidelor (0.318 + 0.102 în floare, 0.168 + 0.095 în frunze; exprimare în rutozidă), derivaţilor acidului hidroxicinamic (3.481 + 0.446 în floare, 5.825 + 0.674 în frunze; exprimare în acid clorogenic), iridoidelor, triterpenelor, cumarinelor, taninurilor, sterolilor, carotenoidelor, ozelor, poliholozidelor şi compuşilor azotaţi nealcaloidici.

Testul Triticum a relevat efectul mitoinhibitor total al extractului apos 3.0% obţinut din Forsythiae viridissimae flos.

· Forsythia viridissima L.

· Polyphenols

· mitoinhibitory activity

INTRODUCTION
The common and also the botanical name of this plant is Forsythia, and its genus belongs to the Oleaceae (Olive family). It is named after William Forsyth, and comprises six species with very distinctive flowers (brilliant yellow or gold blossoms in mid-spring), mostly native in Asia (Forsythia giraldiana from northwest China, Forsythia japonica from Japan, Forsythia ovata from Korea, Forsythia suspensa, and Forsythia viridissima from China), and one native in southeastern Europe (Forsythia europaea from the Balkans). The hybrids Forsythia × intermedia (F. suspensa × F. viridissima) and Forsythia × variabilis (F. ovata × F. suspensa) have been produced in cultivation [1, 13]. 

F. suspensa is considered one of the 50 fundamental herbs in Chinese herbology. The fruit of Forsythia suspensa is listed as the plant origin of Forsythia Fruit in the Chinese Pharmacopoeia, although the fruits of two Forsythia species, F. suspensa and F. viridissima, are listed as the plant origins in the Japanese Pharmacopoeia, and fruits of three Forsythia species, F. viridissima, F. koreana, and F. suspensa, are listed in the Korean Pharmacopoeia [1, 7].  

In Romania, these plants are cultivated and are not yet used in phytotherapy. The spreading area of Forsythia viridissima (golden bell) in Romania, and the poor knowledge about its chemical composition challenged us to initiate a pharmacognostic study on the leaves and flowers, in order to evaluate the possibilities of using these products in theraphy (in China, F. viridissima is used as a source of fruits, for the drug lian qiao).
The determination of microscopic characteristics of the plant, of its chemical composition and the testing of its activity on plant cell division, were the aims of this work.
MATERIALS AND METHODS

The raw material consists of Forsythiae viridissimae flos and Forsythiae viridissimae folium, harvested at their full maturity in April, respectively May 2006, from Argeş County (Romania). The product was naturally dried in the shadow and stored in controlled laboratory conditions.

For the identity checking and quality determination, the pharmacognostic analysis was applied. The identity was assessed using a macroscopic examination (the morphological and organoleptic characters); a microscopic examination (using powder clarified with a 800 g/L chloralhydrate solution and a Labophot 2-Nikon microscope); a qualitative chemical analysis (including thin layer chromatography -TLC-). For the qualitative analysis the raw material was successively extracted with different solvents (ethyl ether, methanol, water). Half of the above alcoholic and aqueous solutions were hydrolyzed. Specific reactions were carried out in initial and hydrolyzed solutions, in order to identify the main classes of natural compounds [5, 6].

It was performed TLC for triterpenes, flavones, and polyphenolcarboxilic acids.

Parametrics of  TLC
· test solution: 1g powdered herbal product was extracted with 10 mL methanol R for 10–15 min., filtered and concentrated;

· TLC plates silica gel GF254 Merck;
· for triterpenes, solvent system (mobile phase) chloroform: acetone/ 8:2; reference solution: ursolic acid (0,1% in methanol); detection: spraying with  ethanolic sulphuric acid (1:1), heating at 100 ºC for 10 min.  and UV light - 366 nm (using a Camag UV lamp);
· for flavones and polyphenolcarboxilic acids, solvent system: ethyl acetate: formic acid: water/ 80:8:12; reference solution: rutin, quercetin, caffeic acid, chlorogenic acid (0.1% in methanol); detection: spraying with methanolic solution 1% of  diphenylboriloxietilamine and methanolic solution 5% of propylene glycol 400 (successively sprayed) and UV light (366 nm).

In order to evaluate the product quality, a flavonoids assay was performed (using a spectrophotometric method based on the chelating reaction with aluminium chloride, according to Romanian Pharmacopoeia 10 th edition – Cynarae folium monograph) and total hydroxycinnamic acid derivatives (using a spectrophotometric method based on the formation of oxymes in the presence of the sodium nitrite and sodium molybdate, according to European Pharmacopoeia 5th edition – Ash leaf monograph). The results of the quantitative chemical researches were calculated on a dry basis [11, 12].

For phytobiological researches (Constantinescu method, Triticum bioassay) we used as a biological reagent embryonic roots of wheat (Triticum vulgare Mill., cultivar Dropia). The wheat caryopses were kindly provided from the Institute for Agricultural Research - Fundulea, germinated and treated in laboratory conditions. For testing, 3.0% (expressed as plant product/mL) infusions were prepared from the leaves and flowers, respectively. From the primary 3.0% solution (samples F1 and F4) two serial dilutions were made, resulting in solutions of 1.5% (samples F2 and F5) and 0.3% (samples F3 and F6). The solutions were brought in Petri dishes (15 cm diameter), and then germinated wheat karyopses with a main radicle of 1 cm length were placed inside and covered with the lid.  The germinated karyopses were left in contact with the test solutions for 5 days. In parallel, a (negative) control sample was prepared, in which the test solution was replaced by distilled water. Root elongation was evaluated at the same time for 5 days. For the microscopic study, the embryonic root of two karyopses from each Petri dish was sectioned at a distance of 5 mm from the tip and it was stained with diluted acetic orcein, a dye with great affinity for chromatin in an acid medium [2, 3, 4]. The stained sections were then examined by immersion in cedar oil (ob.100x).

Statistical analysis was performed using student’s t test at a significance level of 0.05 (Microsoft Excel 2003).
RESULTS AND DISCUSSION
The macroscopic examination established the morphologic characteristics and confirmed the identity of the raw material. The product analysed consists of yellow flowers, and long narrow, smooth, dark green leaves (fig. 1).
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Figure 1

Forsythiae viridissimae flos  and folium
The microscopic examination showed the following specific anatomical elements: trichomes bi– or tricellular trichomes with the terminal cell long and narrowing to a point for leaves and flowers or unicellular with thin cuticle only for flowers (fig. 2 - 5), glandular hairs (fig. 6, 7), petal epidermic chromoplasts (fig. 8), endotecium (fig. 9), anomocytic stomata, little round triporate pollen grains, and papillae.
The following compounds were identified in the extractive solutions from flowers and leaves respectively, by specific chemical reactions: flavonoids (aglycones and glycosides), hydroxycinnamic acid derivatives, iridoides, triterpenes (aglycones and glycosides), coumarins, tannins, sterols, carotenoids, monosaccharides, polysaccharides (mucilages) and non-alkaloid nitrogen containing compounds. These compounds are mentioned in F. viridissima and other Oleaceae (e.g. Olea europea, olive, according to the scientific sources which we have consulted) [8, 9, 10].
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Figure 2

Trichomes of leaves (ob.10x)
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Figure 3
Trichomes – detail (ob.40x)
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Figure 4
Trichomes of flowers
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Figure 5
Trichomes of flowers
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Figure 6
Glandular hairs (ob. 10x)
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Figure 7
Glandular hair (ob. 40x)

	
[image: image9]
Figure 8
Petal epidermic chromoplasts
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Figure 9

Endotecium


Two spots with triterpenes properties (Rf=0.60 and Rf=0.62; violet colour) were separated in the methanolic extract. Ursolic acid (Rf=0.60, violet colour) was identified in both plant products. The scientific data did mention this compound only in F. viridissimae flos [9].

 Quercetin (Rf=0.87; yellow colour and yellow fluorescence), rutin (Rf=0.24; yellow colour and yellow fluorescence) and caffeic acid (Rf=0.81; blue colour and blue fluorescence) were identified in both plant products. The scientific data did mention the presence of rutin only in F. viridissimae flos [9].

A content of 0.168 + 0.095 % of flavonoids (expressed as rutin) was found in leaves and of 0.318 + 0.102 % in flowers. This content of flavones in F. viridissimae flos and F. viridissimae folium is lower than the one in Cynarae folium (according to Romanian Pharmacopoeia 10th edition: not less than 0.35%) [12]. Total hydroxycinnamic acid derivatives (expressed as chlorogenic acid) were found to be 5.825 + 0.674 in leaves and 3.481 + 0.446 in flowers. The content of polyphenolcarboxilic acids in F. viridissima (leaves and flowers) is higher than the one in other Oleaceae: Ash leaf (in European Pharmacopoeia 5th edition: not less than 2.5%) [11].

The mean differences observed between flowers and leaves were statistically significant for both flavonoids (p = 0.0429) and total hydroxycinnamic acid derivatives (p = 0.0187). 

The results of the phytobiological study (the root elongation values for each sample tested, in each of the five days) are presented in fig. 10. 

In the Triticum bioassay a total inhibitory effect on the embryonic root elongation was observed only for the 3.0% aqueous extracts of Forsythiae viridissimae flos. The 3.0 – 0.75% aqueous extracts of leaves and the lower concentration (1.5%, 0.75%) extracts of flowers showed a moderate mitoinhibitory effect compared to the negative control.
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Figure 10
Influence of the extracts tested on wheat root elongation

The microscopic examination of the embryonic wheat roots tested confirmed the total mitoinhibitory effect (chromatoclasic action) of the higher concentration (3%) aqueous extract of flowers, but the extract were not cytotoxic. At the 1.5 - 0.75% concentrations of flowers and for the 3.0 – 0.75% extracts of leaves, only a moderate mitodepressive effect could be observed. This behavior could be explained by the plant's chemical constituents (iridoides, triterpenes, coumarins, tannins, quite well-known for their mitoinhibitory effect). The differences observed between leaves and flowers aqueous extracts at the sample concentrations (p > 0.05) in the root growth inhibitory effect were statistically significant. 

CONCLUSIONS
Forsythia viridissima can be used as a raw material for the extraction of polyphenolcarboxilic acids and flavonoids; its leaves and its flowers were not cytotoxic on plant cells.
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