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HHiigghh PPeerrffoorrmmaannccee LLiiqquuiidd CChhrroommaattooggrraapphhiicc AAnnaallyyssiiss ooff ssoommee
DDiitteerrppeennooiiddss ooff tthhee BBaalllloottaa ssppeecciieess

SSuummmmaarryy :: In this study, the diterpenoids, namely, hispanolone,
ballonigrine and dehydrohispanolone, in 16 Ballota taxa
growing in Turkey have been determined qualitatively by High-
performance Liquid Chromatography (HPLC). Analysis  was
performed on a normal phase column (Zorbax-CN, 5 µm, 250
x 4.6 mm i.d.). The solvent system consisted of n-Hexane-
MeOH (98:2, speed gradient). Peaks were detected at 190-360
nm using Photo-diode array (PDA) dedector. The extracts of
Ballota acetabulosa, B. pseudodictamnus subsp. lycia, B.
cristata, B. inaequidens, B. saxatilis subsp. saxatilis, B. saxatilis
subsp. brachyodonta, B. larendana, B. latibracteolata, B.
rotundifolia, B. macrodonta, B. nigra subsp. foetida, B. nigra
subsp. uncinata and B. antalyense were found to contain the
diterpenoids. 
KKeeyywwoorrddss:: HPLC analysis, Diterpenoids, Ballota, Lamiaceae
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BBaalllloottaa TTüürrlleerriinnddee BBuulluunnaann BBaazz›› DDiitteerrppeennlleerriinn YYüükksseekk
BBaass››nnççll›› SS››vv›› KKrroommaattooggrraaffiissii iillee AAnnaalliizzii

ÖÖzzeett:: Bu çal›flmada, diterpenoid yap›s›ndaki hispanolon, bal-
lonigrin ve dehidrohispanolon‘un Türkiye‘de yetiflen 16 Ballota
taksonundaki da¤›l›m› yüksek bas›nçl› s›v› kromatografisi
(YBSK) ile nitel olarak incelenmifltir.  Analiz normal faz kolon
(Zorbax-CN, 5 µm, 250 x 4.6 mm iç çap) kullan›larak gerçek-
lefltirilmifltir. Kullan›lan solvan sistemi n-Heksan-MeOH (98:2,
h›z gradiyenti) dir. Pikler foto –diod array (PDA) dedektör kul-
lan›larak 190-360 nm‘de de¤erlendirilmifltir.  Ballota acetabu-
losa, B. pseudodictamnus subsp. lycia, B. cristata, B. inae-
quidens, B. saxatilis subsp. saxatilis, B. saxatilis subsp. brachy-
odonta, B. larendana, B. latibracteolata, B. rotundifolia, B.
macrodonta, B. nigra subsp. foetida, B. nigra subsp. uncinata
ve  B. antalyense diterpenoid yap›l› maddeler içermektedir.
AAnnaahhttaarr kkeelliimmeelleerr:: YBSK analizi, Diterpen, Ballota, Lamiaceae

IINNTTRROODDUUCCTTIIOONN

Ballota L. is a plant belonging to the  Lamiaceae fa-
mily and is  represented by 16 taxa in Turkey 1. 

Ballota species have been used in Turkish folk medi-
cine as an antiulcer, antispasmodic, diuretic, chole-
retic, antihaemorrhoidal and sedative agent 2. Ballo-
ta nigra is used externally in the treatment of wo-
unds and burns. It is used internally to suppress co-
ughs and upper respiratory inflammation 3,4,5.  Vu-
ral et al. reported that B. nigra subsp. anatolica and
B. larendana have an antidepressant activity. B. la-
rendana has also an anxiolytic activity6. Another
study reported that B. acetabulosa is used for the

treatment of haemorrhoids as an infusion in folk
medicine7. The antimicrobial activities of all Ballota
species growing in Turkey were investigated by us8. 
The genus Ballota is a rich source of diterpenoids.
Previous investigations of the aerial parts of the
plant resulted in the isolation of labdane diterpeno-
ids –ballotinone, ballotenol, marrubiin, marrube-
nol9-11, ballonigrine, ballonigrinone,7α-acetoxymar-
rubiin12, 13-hydroxyballonigrinolide13, balloauche-
rolide14, preleosibirine15,16,  18-hydroxyballonigrine
11,17, hispanolone, hispaninic acid and hispanoic
acid18 .

In our previous studies, three diterpenoids (hispa-
nolone, ballonigrine, dehydrohispanolone) and ten
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flavonoids (kumatakenin, pakipodol, 5-hydroxy 7,
3’,4’ trimethoxyflavone, velutin, corymbosine, 5-
hydroxy 3,7,4’trimethoxy flavone, retusin, 5-
hydroxy 7, 4’ dimethoxy flavone, flindulatine, lada-
nein) were isolated, chemically characterized and
analysed by HPLC in different species of Ballota19-22.
The structures of isolated diterpenoids are shown in
Fig 1.  

This paper is a part of our on-going studies 8,19-22 on
this genus in which we attempt to identify the diter-
penoids present in the acetone extracts from sixteen
species of the genus Ballota. Our aim is to contribu-
te to their chemotaxonomic determination.

EEXXPPEERRIIMMEENNTTAALL

PPllaanntt  mmaatteerriiaall..

Sixteen species of Ballota were collected from diffe-
rent parts of  Turkey. Designation of the individual
species and their origin are given in Table 1. 

Sixteen samples of Ballota  acetabulosa (L.) Benth.,
B.pseudodictamnus (L.) Benth. subsp. lycia Hub.-
Mor., B. cristata P.H.Davis, B. inaequidens Hub.-
Mor.&Patzak, B. saxatilis Sieber ex J.&C.Presl subsp.
saxatilis, B.saxatilis Sieber ex J.&C.Presl subsp.
brachyodonta (Boiss.) P.H. Davis&Doroszenko, B.
glandulosissima Hub.-Mor.&Patzak, B. larendana
Boiss.&Heldr., B. latibracteolata P.H. Davis&Doros-
zenko, B. rotundifolia C.Koch, B. macrodonta Bo-
iss.&Bal., B. nigra L. subsp. nigra, B. nigra L. subsp.
foetida Hayek, B.nigra L. subsp. uncinata (Fi-
ori&Beg) Patzak,  B. nigra L. subsp. anatolica P.H.
Davis  and B. antalyense F.Tezcan& H. Duman nom.
nud. were obtained from the different parts of Tur-
key. Voucher specimens have been deposited  at the
Herbarium of Ankara University, Faculty of Phar-
macy (AEF). All solvents were of HPLC grade. The
reference substances hispanolone 11, ballonigrine 22
and dehydrohispanolone 33 were isolated from B. sa-
xatilis subsp. saxatilis and B. inaequidens as descri-
bed in detail previously19,21.

EExxttrraaccttiioonn ooff ppllaanntt mmaatteerriiaallss::

Air dried and powdered specimens of the sixteen
Ballota species (25 g of each)  were extracted with
acetone (500 ml of each) at room temperature for 3
days, respectively. After evaporation, the residue

TTaabbllee 11.. The names and origins of Ballota species
used in this study

B. acetabulosa B1 ‹zmir:Yenifoça,10m, 18.6.1998,AEF 21602
B. pseudodictamnus subsp. lycia C2 Mu¤la:Fethiye, 20m, 12.6.1997 AEF 21603
B. cristata C3 Isparta:E¤ridir, 910 m, 17.7.1997,AEF19899
B. inaequidens C3 Antalya: Alanya,200m, 20.7.1997,AEF 19901
B. saxatilis  subsp. saxatilis C4 ‹çel: Anamur, 1530m, 20.7.1997,AEF 19904
B. saxatilis  subsp. brachyodonta C4 ‹çel: Silifke, 1400 m, 3.7.1998, AEF 21505
B. glandulosissima C3 Antalya:Kumluca, 500m, 19.7.1997,AEF 19900
B. larendana A4 Ankara:K›z›lcahamam, 830m, 28.6.1998, AEF 21604
B. latibracteolata C3 Antalya: Gazipafla, 425 m, 20.7.1997, AEF 19902
B. rotundifolia A8 Erzurum: Tortum Lake, 1200 m, 1.9.1998, AEF 21606
B.macrodonta B5 Kayseri:Yahyal›, 1150 m, 2.8.1997, AEF 19907
B. nigra subsp. nigra A5 Sinop: Boyabat, 370 m, 9.10.1998, AEF 21607
B. nigra  subsp. foetida C2 Mu¤la: Dö¤üflbelen, 600m, 12.7.1999, AEF 21608
B. nigra subsp. uncinata B1 ‹zmir: Gökçealan, 250 m, 19.6.1998, AEF 21607
B. nigra subsp. anatolica B4 Ankara: Gölbafl›, 800 m, 28.6.1998, AEF 21601
B. antalyense C3 Antalya: Turumçova, 150 m, 19.7.1997, not published
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Fig. 1 The structures of hispanolone 11, ballonigrine 22,
dehydrohispanolone 33



15

was extracted with EtOAc and the extracts were
washed with H2O and dried. The extracts were con-
centrated separately to dryness in vacuo. The con-
centrated extracts dissolved in the mobile phase (100
ml of each)18. Aliquots (20 µl of each) of these solu-
tions were subjected to HPLC. 

The plant extracts were also analysed for their
hispanolone, ballonigrine and dehyrohispanolone
contents by using thin layer chromatography
(TLC) with  CHCl3 :MeOH (100: 0.5, v/v) solvent
system21. 

HHPPLLCC aannaallyyssiiss

Chromatography was performed on a Shimadzu LC
10 (Japan) consisting of a Shimadzu LC 10 AD
pump, an automated gradient controller, a UK 6 in-
jector and a Shimadzu SPD-M10 AVP photo diod ar-
ray dedector (PDA). Data was analysed using LC10
software provided by Shimadzu. The column was a
Zorbax–CN (5 µm, 250 x 4.6 mm i.d.). The solvent
system  consisted of n-Hexane:MeOH (98:2, v/v,
speed gradient). The used gradient programme was
as shown below:

Time (min) Total flow rate (ml/min)
0.00-9.59 1.3
9.60-13.0 1.7
13.1-22.0 2.5
22.1-35.0 3.2

35.0 stop

n-Hexane and methanol (Merck, Darmstadt, Ger-
many) were of HPLC grade and were filtered thro-
ugh a 0.5 µm filter before use. Elution was carried
out at 25 °C.  The qualitative and quantitative deter-
mination of terpenes by HPLC is still problematic
and limited. The complex matrix of Ballota extracts,
containing polyphenolic compounds such as flavo-
noids as the major impurities, as well as the leak of
standards, are the main problems23. Because of this
feature, the eluates were monitored with a photo-di-
ode array dedector (λ=190-360 nm) to check purity.
The four spectra corresponding to the up-slope,
apex and down-slope of each peak were computer-

normalized and superimposed. Peaks were conside-
red pure when there was exact coincidence between
the four spectra (match factor ≥ 99.5). On the other
hand, the evaluation of each extract content was per-
formed based on the wavelength screening between
190-360 nm, the peak purity, the three dimentional
image and α, k and N values. 

In addition, the retention times of each peak in the
extracts were determined in the presence of stan-
dards. After examination of the purity of each peak
the presence of every peak in the extract was verifi-
ed. 

RREESSUULLTTSS AANNDD DDIISSCCUUSSSSIIOONN

On reviewing  the literature regarding the analysis
of diterpenoids, we found a lack of HPLC systems
for studying these compounds, and this induced us
to develope a new HPLC method to be applied to
the study of the genus Ballota. 

For the separation of the compounds indicated here-
in, we utilized reversed-phase chromatography, ion-
pair chromatography and normal-phase chromatog-
raphy. 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 diterpenoid contents by TLC in
the presence of standards. The substances were also
separated successfully by TLC. Accordingly, due to
the insuffiency of the reversed-phase chromatog-
raphy and ion-pair chromatography in the separati-
on process and the observation of the separation ef-
ficiency of the TLC, we modified and used normal-
phase HPLC equipped with PDA dedector. Succes-
sive assays were carried out to determine the opti-
mum mobile phase. N-Hexane-MeOH (98:2 v/v)
was found to be optimal, with speed gradient. Ne-
vertheless, owing to the fact that there were widely
variable amounts of compounds present in extracts
and the existence of other groups of compounds
such as flavonoids, the shifts in the retention times
due to the concentrations were observed. 
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The diterpenoids in the ethanolic extracts of some
Ballota species were identified by HPLC comparing
their retention times (Rt) with those of authentic
standards: a representative three dimentional image
is shown in Figs 2, 3 and 4. 

This modified method can be applied for the deter-

mination of the other labdane-type diterpenoids. 

The diterpenoid contents of the plant extracts are
shown in Table 2.  Ballota glandulosissima, B. nigra
subsp. nigra and B. nigra subsp. anatolica do not
contain any of the diterpenoids examined. B. aceta-
bulosa, B. cristata and B. saxatilis subsp. saxatilis
contain all of the diterpenoids investigated. B. pse-
udodictamnus subsp. lycia, B. inaequidens, B. saxa-
tilis subsp. brachyodonta, B. larendana, B. rotundi-
folia and B. antalyense contain two of the diterpeno-
ids and B. latibracteolata, B. macrodonta, B. nigra
subsp. foetida and B. nigra subsp. uncinata contain
only one of the diterpenoids.

In conclusion, the present study, for which the
HPLC method has been developed, showed that the
extracts of  B. acetabulosa B. pseudodictamnus
subsp. lycia, B. cristata, B. inaequidens,  B. saxatilis
subsp. saxatilis, B.saxatilis subsp. brachyodonta, B.
larendana, B. latibracteolata, B. rotundifolia, B. mac-
rodonta, B. nigra subsp. foetida, B. nigra subsp. un-
cinata and B. antalyense contained one to all of the
diterpenoids.
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TTaabbllee 22.. Diterpenoid contents of Ballota species

SSaammpplleess 11 22 33

B. acetabulosa + + +
B. pseudodictamnus subsp. lycia + - +
B. cristata + + +
B. inaequidens + + -
B. saxatilis  subsp. saxatilis + + +
B. saxatilis  subsp. brachyodonta - + +
B. glandulosissima - - -
B. larendana - + +
B. latibracteolata - - +
B. rotundifolia + - +
B. macrodonta - - +
B. nigra subsp. nigra - - -
B. nigra  subsp. foetida - + -
B. nigra subsp. uncinata - - +
B. nigra subsp. anatolica - - -
B. antalyense - + +
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Fig. 2 Three dimensional image of Ballota cristata
11 hispanolone, 22 ballonigrine, 33 dehydrohispanolone

Fig 3. Three dimensional image of Ballota nigra subsp.
foetida 22 ballonigrine

Fig 4. Three dimensional image of Ballota macrodonta
33 dehydrohispanolone
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search and Applicability Center of Ankara Univer-
sity (BITAUM) and Chem.Nilüfer Vural for HPLC
analysis. 
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