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HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC ANALYSIS
OF SOME FLAVONOIDS OF Ballota SPECIES

B. S. Yilmaz and G. S. Citoglu UDC 547.972

Ballota L. is a plant belonging to the Lamiaceae family and is represented by 16 taxa in Turkey [1].

Ballota species have been used in Turkish folk medicine as an antiulcer, antispasmodic, diuretic, choleretic, anti-
haemorrhoidal, and sative agents [2, 3]. The antimicrobial activities [4] and the antioxidant activities [5B#lidtaspecies
growing in Turkey was recently reported as well as the antifungaltegiof some flavonoids isolated frdn glandulossima
[6] and B. inaequideng?]. The water extract ofB. glandulosissimdnas been reported to have antinociceptive [8], anti-
inflammatory, and hepatoprotective activities [9].

Previous investigations of the aerial parts of Bladota species resulted in the isolation of some flavonoids apigenin
and apigenin-7-glucoside [10, 11]; kumatakenin, ladanein [10]; genkwanin, nuchensin, isokaempferide, luteolin, luteolin-7-
rutinoside, quercetin-3-glycoside, salvigenin, apigenin 6,8-di-C-glycoside [10]; luteolin-7-glycoside [18]lesein-7,4-
dimethylether, acacetin-7-glycoside, chrysoeriol-7-glycoside [10], luteolin-7-lactate, and luteolin-7-glycosyl lactate [12].

In our previous studies, three diterpenoids (hispanolone, ballonigrine, dehydrohispanolone) and ten flavonoids
(kumatakenin, pachypodol, 5-hydroxy-743trimethoxyflavone, velutin, corymbosine, 5-hydroxy-3;trdmethoxyflavone,
retusin, 5-hydroxy-7,4dimethoxyflavone, 5-hydroxy-3,6,7;fetramethoxyflavone, ladanein) were isolated, chemically
characterized, and analyzed by HPLC in different speciBaliita [6, 7, 13, 14].

Thus, as a continuation of our research [3—-9, 13-15] on this genus we now report on the flavonoids present in the
acetone extracts from sixteen species of the geallsta. Our aim is to contribute to their chemotaxonomic determination and
establish the flavonoid profiles Ballotaspecies. To our knowledge, no data are available with respect to the chemotaxonomic
determination and HPLC analysis of this genus.

Sixteen Ballota speciesB. acetabulosdL.) Benth.,B. antalyensé. Tezcan & H. Duman (nom.nudB, cristata
P. H. Dauvis, B. glandulosissimaHub.-Mor & Patzak,B. inaequidenddub.-Mor & PatzakB. larendanaBoiss. & Heldr.,

B. latibracteolataP. H. Davis & Doroszenkd®. macrodontaoiss. & Bal.,B. nigral. subspanatolicaP. H. DavisB. nigra
L. subspfoetidaHayek,B. nigraL. subspnigra, B. nigraL. subspuncinata(Fiori & Beg.) PatzakB. pseudodictamnug.)
Benth. subsplycia Hub.-Mor., B. rotundifolia C. Koch,B. saxatilisSieber ex. J & C. Pres| subdpachyodontgBoiss.)
P. H. Davis & Doroszenkd. saxatilisSieber ex. J & C. Pres| subspxatilig were collected in different locations of Turkey.

Voucher specimens were deposited at the Herbarium of Ankara University, Faculty of Pharmacy (AEF). All solvents
were of HPLC grade. The reference flavonoids were isolatedBr@axatilissubsp. axatilisandB. inaequidenas described
in detail previously [7, 13, 14].

Air dried and powdered samples of the sixtBatiotaspecieg25 g each) were extracted with acetone (500 mL each)
at room temperature for 3 days. After evaporation, the residue was extracted with EtOAc and the extracts were washed with
H,O and dried. The extracts were concentrated separately to drymasso The concentrated extracts dissolved in the mobile
phase (100 mL each) [16]. Aliquots (20 mL each) of these solutions were subjected to HPLC.

The plant extracts were also analyzed for their kumatakenin, pachypodol, 5-hydtgktiindethoxyflavone, velutin,
corymbosine, 5-hydroxy-3,7rimethoxyflavone, retusin, 5-hydroxy-7-dimethoxyflavone, 5-hydroxy-3,6,7:4
tetramethoxyflavone, and ladanein contents by thin layer chromatography (TLC) with @®1OH (100: 0.5, v/v) solvent
system [14].
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Chromatography was performed on a Shimadzu LC 10 (Japan) consisting of a Shimadzu LC 10 AD pump, an
automated gradient controller, a UK 6 injector, and a Shim&B2+M10 AVP photo-diode array dedector (PDAjt®were
analyzed using LC10 software provided by Shimadzu. The column was a Zorbaxp@INZ50x 4.6 mm i.d.). The solvent
system consisted ofhexane—MeOH (98:2, v/v, speed gradient).

n-Hexane and methanol (Merck, Darmstadt, Germany) were of HPLC grade and were filtered throygh #ters
before use. Elution was carried at 25°C. The qualitative and quantitative determination of terpenes and flavonoids by HPLC in
many Lamiaceae plants is still problematic. The complex matrRatibta extracts, containing diterpenoids and other
polyphenolics as the major impurities, as well as the peak of standards, are the main problem [15, 17]. Because of this feature
to check purity, the eluates were monitored with a photo-diode array dedet8§—360 nm).

In addition, the retention times of each lack in the extracts were determined in the presence of standards. After
examination of the purity of each peak the presence of every peak in the extract was verified.

On reviewing the literature regarding the analysis of flavonoids, we found a lack of HPLC systems for studying these
compounds, and this prompted us to develop a new HPLC method to be used in the study of Balgenus

For the separation of the compounds indicated herein, we utilized reversed-phase chromatography, ion-pair
chromatography, and normal-phase chromatography. On the basis of our preliminary studies the best separation of the
constituents of the extracts was achieved by normal-phase HPLC. On the other hand, before HPLC analysis, the extracts were
also screened for their flavonoid contents by TLC in the presence of standards. The substances were also separated successful
by TLC. Accordingly, due to the insuffiency of the reversed-phase chromatography and ion-pair chromatography in the
separation process and the observation of the separation efficiency of the TLC, we modified and used normal-phase HPLC
equipped with a PDA dedector. Successive assays were carried out to determitisntiva opobile phasar-Hexane—-MeOH
(98:2, viv) was found to be optimal, with speed gradient. Nevertheless, owing to the widely variable amounts of compounds
present in the extracts and the existence of other groups of compounds such as diterpenoids, the shifts in the retdu¢ion times
to the concentrations were observed.

In conclusion, the present study, in which the HPLC method has been developed, showed that extracts of
B. glandulossimandB. inaequidensvere the richest in flavonoid conterBallota antalyense, B. cristata, B. larendana,
B. macrodonta, B. nigraubsp.nigra, B. nigrasubsp.uncinata B. pseudodictamnusubsp.lycia, andB. saxatilissubsp.
brachyodontalo not contain any of the flavonoids examined. On the other Bandjrasubspanatolicg B. latibracteolata
andB. acetabulos@ontained one or all of the flavonoids. This modified method can be applied for the determination of the
other flavonoids.

ACKNOWLEDGMENT

This research was support by the Research foundations of Ankara University (grant No. 2000-08-03-020). We also
thank the Science and Technology Research and Applicability Center of Ankara University (BITAUM) and Chem. Nilufer Vural
for HPLC analysis.

REFERENCES

1. P. H. DavisFlora of Turkey and the East Aegean IslandsEdinburgh University, Edinburgh Press, 1982, pp.
156-160.

2. T. Baytop,Turkiye’deBitkilerle Tedavi (Therapy with Medicinal Plants in TurkeMpbel Tip Basimevi, Istanbul,
1984, p, 371.

. Citoglu, M. Tanker, B. Sever, J. Englert, R. Anton, and N. AltaRlanta Med, 64, 484 (1998).

. S. Citoglu, B. S. Yilmaz, and N. Altanldr,Fac. Pharm. Ankare82, 93 (2003).

. S. Citoglu, T. Coban, B. Sever, and M. Isdafthnopharmacol 92, 275 (2004).

. S. Citoglu, B. Sever Yilmaz, S. Antus, E. Baitz-Gacs, and N. Altd&tarm. Biol, 41, 483 (2003).

. S. Citoglu, B. Sever, S. Antus, E. Baitz-Gacs, and N. AltePtarm. Biol, 42, 1 (2004).

. S. Citoglu, H. Ozbek, and B. SeveiM, 9 (2), 55 (2004).

®NO oA ®
COOOOO

354



10.
11.
12.
13.
14.

15.
16.
17.

H. Ozbek, G. S. Citoglu, H. Dulger, S. Ugras, and B. Sév&thnopharmacoB5, 143 (2004).
F. Ferreres, F. A. Tomas-Barberan, and F. Tomas-Lotert@t. Prod, 49, 554 (1986).

N. Darbour, F. Baltassa, and J. Rayn&ldrmazie41, 605 (1986).

M. C. Bertrand, F. Tillequin, and F. BailleBlyst. Ecal 28, 1031 (2000).

G. Citoglu, M. Tanker, and B. Sev@harm. Biol, 37, 158 (1999).

B. Sever]nvestigation of diterpenoid and flavonoid contents of Ballota species growing in TetkByThesis,

Ankara, 2002.
B. S. Yilmaz, G. S. Citoglu, FABALDJ, Pharm. Scj.28, 13 (2003).
B. Rodriguez, G. Savona, and F. Piod2ziQrg. Chem 44, 2219 (1979).

P. Gomez-Serranillos, O. M. Palomino, A. I. Villarrubia, M. A. Cases, E. Carreteo, and A.Vildromatogr. A

778, 421 (1997).

355



