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Abstract--Hairy root cultures of Pimpinella an&urn were established following inoculation of aseptically grown 
plantlets with a n  A 4 pRiA4 70 GUS strain of Ayrobacterium rhizogenes. The essential oils from the hairy roots, 
maintained in four different media, and from the fruits and roots of the parent plant were analysed and their 
compositions compared by GC and GC-mass spectrometry. The major components of the essential oils from 
the hairy root cultures were trans-epoxypseudoisoeugenyl 2-methylbutyrate, geijerene, pregeijerene, zingiberene 
and fl-bisabolene, in varying amounts depending on the light or dark growth conditions and on the culture 
media tested, trans-Epoxypseudoisoeugenyl 2-methylbutyrate, fl-bisabolene and pregeijerene were the major 
components of the essential oil from the roots of the parent plant, whereas the main component of the fruit 
oil was trans-anethole. Geijerenes were not detected in the fruit oil. The essential oil yield of the transformed 
roots grown in one of the media was comparable with that obtained for the roots of the parent plant and, 
calculated on a dry weight basis, the oil yield of these hairy roots was comparable with that of the fruits. 
© 1998 Elsevier Science Ltd. All rights reserved 

INTRODUCTION liquid culture media (BS, B5/2, MS/2 and SH). 

Pimpinella anisum, anise, is a herbaceous annual plant, Although the hairy roots grown in the different media 
showed initially a similar density of root hairs and a 

native to the Mediterranean region and Egypt. Anise similar branching ability, they gradually diversified 
is primarily grown for its fruits, commercially called and, after some time, the hairy roots grown in MS/2 
"seeds", that are currently used for flavouring, but 

and B5 media in darkness, showed a remarkable tend- 
the essential oil from the fruits is also valuable in 
perfumery and in medicine [1, 2]. ency to develop callus tissue. 

With respect to their growth rate, from the four 
Considering the enhanced biosynthetic capacity of 

media tested, the hairy root cultures grown in SH 
transformed root cultures when compared with that 

medium in darkness showed the highest rate (Fig. 1). 
of unorganized cell suspension cultures, the aim of 

Hairy root cultures grown in MS/2 medium, which 
this work was to establish P. anisum transformed root 
cultures and to compare their essential oil production under photoperiod conditions also showed a high 
under different growth conditions with that of the growth rate, had the lowest rate under dark 

conditions. Hairy root cultures grown in the B5 and 
fruits and roots of the parent plant. B5/2 media showed the lowest growth rate under pho- 

toperiod conditions and a marked increase in growth 
RESULTS AND DISCUSSION when grown in darkness. 

The identified components of the oils isolated from 
Fast growing anise hairy root cultures were estab- 

the hairy roots and from the fruits and roots of the 
lished on solid MS/2 medium, by transformation with 
an A4 strain of Agrobacterium rhizogenes. Hairy root parent plant are listed, together with their percentages, 

in order of their elution from a DB-1 column in Table 
cultures were then initiated in four hormone-free 

1. The essential oils isolated from hairy roots grown 
in different culture media were qualitatively similar 
but showed large quantitative differences regarding 

* Author to whom correspondence should be addressed, the major components. In the cultures grown in the 
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Fig. 1. Dissimilation growth curves obtained for hairy roots of P. anisum grown in B5 (IS]), B5/2 (O), MS/2 (11) and SH 
(@) media, under photoperiod (upper graph) or dark (lower graph) conditions. 

dark, the main component was always trans-epoxy- not only in species of the Apiaceae [9], but also in 
pseudoisoeugenyl 2-methylbutyrate, whereas in those members of the Asteraceae, Lamiaceae, Rosaceae and 
grown under photoperiod conditions, the main com- Rutaceae [10-18] (Table 2). 
ponent was either this compound (B5/2) or pre- Major differences, both qualitative and quan- 
geijerene (B5, MS/2 and SH) (Table 1). The occur- titative, were found between the essential oils isolated 
rence of rare phenylpropanoids from the pseudo- from the hairy roots and the oil isolated from the 
isoeugenol group, such as trans-epoxypseudo- fruits, trans-Anethole, clearly the main component of 
isoeugenyl 2-methylbutyrate, was first detected in the the fruit oil, was found only in traces or in amounts 
fruit essential oil of P. anisum [3] and, since then, it of ca 1%, in the oils from hairy roots (Table 1). Con- 
has been detected only in Pimpinella species, both in versely, the major components of hairy root oils, 
plants and in vitro, namely in shoot and callus cultures namely trans-epoxypseudoisoeugenyl 2-methyl- 
[4-8]. Geijerenes have also been detected previously, butyrate, geijerene, pregeijerene, zingiberene and fl- 
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T a b l e  1. Pe r cen t age  c o m p o s i t i o n  o f  essent ia l  oils o f  Pimpinella anisum i so la ted  f r o m  the frui ts ,  r o o t s  a n d  f r o m  ha i ry  roo t s  

g r o w n  in B5/2,  M S / 2  (B5/2 a n d  M S / 2  = h a l f  s t r e n g t h  media) ,  S H  a n d  B5 m e d i a  u n d e r  p h o t o p e r i o d  o r  d a r k  c o n d i t i o n s  

B5/2 M S / 2  SH B5 

C o m p o n e n t s  R.I .*  F ru i t s  R o o t s  L igh t  D a r k  L igh t  D a r k  L i g h t  D a r k  L igh t  D a r k  

n - H e p t a n a l  897 0.2 t t t t t t t t 

Benza ldehyde  927 - -  0.7 . . . . . .  

Sab inene  958 - -  0.2 . . . .  
n - O c t a n a l  973 0.1 0.4 1.3 3.0 2.3 1.7 1.4 3.3 0.2 

M y r c e n e  975 - -  0.1 . . . . . .  
D e c a n e  1000 - -  t t t t t t t t 

c t -Terpinene 1002 t - -  - -  

P h e n y l a c e t a l d e h y d e  1002 ---  t t t t t t t t 
p - C y m e n e  1003 --- t t t t t t t t t 

L i m o n e n e  1009 - -  t t t t t t t t l 
3,-Terpinene 1035 - -  0.1 . . . . . . . . .  

m-Creso l  1048 - -  0.2 t 1.5 t 0.4 0.2 0.5 t 

n - N o n a n a l  1073 - -  - -  t t t t t t t t 

U n d e c a n e  1100 - -  t 0.3 0.2 2.8 1.9 2.2 1.0 2.5 0.2 

Gei je rene  i somer  1116 - -  0.2 0.2 0.2 t t 0 .4 0.3 t t 
Gei je rene  1121 1.8 3.0 2.6 4.7 3.9 9.3 5.3 8.9 1.1 

Borneo l  1134 t . . . . . .  
Te rp inen -4 -o l  1148 t . . . . . . . . . .  

~-Terp ineol  1159 - -  0.5 . . . . .  
Es t r ago le  1163 2.2 . . . . . . .  

A n i s a l d e h y d e  1200 1.9 . . . . . . . . . . . .  
c i s -Ane tho le  1220 t . . . . . . . .  

l sogei jerene  C 1231 - -  - -  t t 0.4 t t t t t 
trans-Anethole 1254 92.5 2.0 t t t 0.9 0.8 1.1 0.6 t 

Prege i je rene  1267 6.0 3.9 5.0 15.1 12.1 24.3 12.7 15.6 2.8 

C a r v a c r o l  1286 - -  t t 1.7 1.4 t 0.5 1.2 t 

D o d e c a n o l  1397 - -  0.3 1.7 1.3 9.9 7.0 10.7 6.9 7.1 0.2 
/%Caryophy l l ene  1414 0.2 t t 0.3 1.2 0.3 t t t 

trans-c~-Bergamotene 1434 - -  t t 0.8 0.5 0.4 0.5 t t 

trans-[3-Farnesene 1456 ---- t 0.3 0.2 t 0.8 0.4 0.6 1.2 0.2 

D o d e c a n o l  1468 - -  0.6 0.3 2.9 0.9 9.0 2.5 2.6 0.6 
a r - C u r c u m e n e  1475 - -  t t 3.0 1.5 2.9 0.7 2.4 t 

Z ing ibe rene  1492 0.2 3.4 3.5 12.0 9.6 10.1 7.5 8.8 2.3 

/~-Bisabolene 1495 - -  6.4 4.6 8.2 14.4 14.6 9.2 7.8 7.7 3.1 
Sesqu iphe l l and rene  1508 - -  0.3 0.3 1.7 3.0 0.3 0.3 0.5 t 

E lemol  1530 - -  - -  t t 0.8 0.4 t t 0.6 t 

trans-Pseudoisoeugeny! 2- 1778 0.1 4.7 3.6 2.8 t 1.9 4.0 9.0 t 4.0 
m e t h y l b u t y r a t e  

c i s - E p o x y p s e u d o i s o e u g e n y l  2- 1785 t t 0.1 t t 0.4 0.2 0.7 0.2 
m e t h y l b u t y r a t e  

trans-Epoxypseudoisoeugenyl 1814 t 70.2 52.8 56.4 2.4 16.7 5.7 21.3 0.8 78.1 
2 - m e t h y l b u t y r a t e  

Ident if ied 96.7 93,9 75.3 82.4 77.4 80.6 92.5 79.8 65.0 93.0 

G r o u p e d  C o m p o n e n t s  

M o n o t e r p e n e  H y d r o c a r b o n s  - -  0.4 

O x y g e n - C o n t a i n i n g  0.5 t t 1.7 1.4 t 0.5 1.2 t 
M o n o t e r p e n e s  
Sesqu i t e rpene  H y d r o c a r b o n s  - -  6.8 8.6 12.2 32.2 31.2 23.6 17.4 20.6 5.6 

O x y g e n - C o n t a i n i n g  t t 0.8 0.4 t t 0.6 t 

Sesqu i te rpenes  
C~2 C o m p o u n d s  - -  7.1 7.1 7.8 20.2 16.0 34.0 18.3 24.5 3.9 
P h e n y l p r o p a n o i d s  94.8 76,9 56.4 59.3 2.4 19.5 10.9 31.6 2.1 82.3 
O t h e r s  1.9 1.3 3.2 3.1 20.1 12.1 24.0 12.0 16.0 1.2 

Yie ld (v / f r .  wt)  1.2 0.05 < 0 . 0 5  <0.(15 < 0 . 0 5  < 0 . 0 5  0.1 0.05 < 0 . 0 5  < 0 . 0 5  

Yield  (v /d ry  wt)  0.4 1.2 0.6 

* Rela t ive  to C8 Ct9 n - a lkanes  o n  a D B - I  c o l u m n .  
t = t race  (<0.05°,/o).  
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Table 2. Plant species where geijerenes have been detected 

Family Plant species Plant part Reference 

Apiaceae Pimpinella sp. Roots [9] 
Asteraceae Chromolaena odorata Leaves [10] 

Eupatorium odoratum Leaves [11, 12] 
Laminaceae Nepeta 9ovaniana Aerial parts [13] 
Rosaceae Rubus ros(folius Foliage [ 14] 
Rutaceae Geijera parviflora Leaves [15] 

Ruta ,qraveolens Roots [ 16] 
Boenninghausenia albiflora Roots [17] 
Vepris heterophylla Leaves [ 18] 

bisabolene, were not detected or only found in trace were soaked overnight in H 2 0  , prior to disinfection 
amounts, in the fruit oil. trans-Epoxy- with 70% EtOH for 2 min, followed by a 6% NaOCI 
pseudoisoeugenyl 2-methylbutyrate,/~-bisabolene and soln for 2 min. Fruits were germinated in darkness on 
pregeijerene were also the major components of the solid Schulz medium [21] without growth regulators. 
essential oil isolated from the roots of the parent plant, After cotyledon emergence, they were transferred to 
but the other reported major components of the hairy a 16 h light/8 h dark photoperiod at 24 °. Voucher 
root oils were found in lower amounts in the former specimens of the plant material have been deposited 
oil (Table 1). in the Herbarium of the Botanical Garden of Lisbon 

The highest essential oil yield from hairy root cul- (LISU: 165574). 
tures was obtained for the cultures grown in SH med- 
ium (0.05-0. 1%); this yield was comparable with that 
obtained for the roots from the parent plant (0.05%) Hairy roots 
but it was less than the oil yield from fruits (1.2%). Transformed root cultures of anise were induced by 
However, when considering hairy roots on a dry inoculation of three-to four-week-old aseptic plan- 
weight basis (1 g fr. wt = 80 mg dry wt), the essential tlets with A. rhizogenes carrying the 9us reporter gene 
oil yield of the hairy roots grown in SH medium was co-integrated in the Ri plasmid and driven by a double 
similar to that of the fruits but even higher than that 35S promoter (A4 pRiA4 70GUS). Seedlings were 
of the roots of the parent plant (1 g fr. wt = 140 mg wounded with a scalpel and immersed for 5 min in a 
dry wt) (Table 1). bacterial suspension, grown to A600 - 0.9 and diluted 

Studies on the accumulation of volatiles by trans- 1:20 (v/v) in a 0.3% sucrose soln. After careful drying 
formed roots are scare. Nevertheless, in Artemisia on sterile filter paper, seedlings were transferred to 
absinthium[19]andValerianaofficinalis[20],theessen- B5/H2 medium (I : I )  (B5 [22], H 2 = h a l f  strength 
tial oil profile from the hairy roots did not match with macro- and micronutrients from MS medium [23], 
that from the roots of the parent plant. In the present with the same MS vitamins and sucrose content) and 
study, the essential oils isolated from anise hairy roots co-cultivated with the bacteria for 4 days. They were 
showed some qualitative differences, when compared then transferred to fresh H2 solid medium sup- 
with the essential oil from the parent plant roots, but plemented with cefotaxime and carbenicillin, 150 pg 
the three major components of the latter oil were also ml-~ each. Medium and antibiotics were renewed 
major components in the oils from the transformed every 3 weeks. Roots that developed were excised and 
roots. However, quantitative differences in the per- cut in pieces for further proliferation. Transformation 
centage composition did exist and, in some cases, these was confirmed by the histochemical GUS assay [24]. 
were considerable, depending on the medium and 

growth conditions applied. Determination o f  growth in liquid media 
The successful transformation of P. anisum, to- 

gether with the production of an essential oil with Four-to-8-week-old hairy roots were transferred to 
different profile from that of the roots of the parent liquid MS/2 medium (=  half strength MS) and main- 
plant, highlights the potential for essential oil pro- tained in darkness or in a 16 h light/8 h dark photo- 
duction using this technique, period at 24 ~' on orbital shakers (80 rpm). Roots 

were subcultured initially every 8 days and, after com- 
plete establishment, only every two to three weeks. 

EXPERIMENTAL 
Four different basal media were tested to study the 

Plant material effect on biomass yield and essential oil composition: 
B5, B5/2 (= half strength B5), MS/2 and SH [25]. 

Anise plantlets were grown under aseptic conditions Before determination of growth of hairy roots, cul- 
from commercial fruits ("seeds") (Bricobi). Fruits tures were kept, at least for four subcultures, in each 
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of the media studied. Hairy roots growth was mea- W. Scientific Inc.) and a DB-Wax fused-silica column 
sured by the dissimilation method [26]. (30 m x 0.25 mm i.d., film thickness 0.25 #m; J. and 

W. Scientific Inc.). The oven temp. was programmed 

Dry weight determination from 45 175' at 3" min ~, subsequently at 15' min 
- " up to 240 '~ and then held isothermally for 10 min; 
Samples of hairy roots were taken after filtration injector and detector temps were 220" and 240', 

and freeze-dried for 2 days, at 10 L mbar and - 4 2 .  respectively; carrier gas, H 2 at 30 cm s- ~. Samples 
Root samples of the parent plant were dried in the were injected using the split-sampling technique with 
same way. a ratio of 1:50. Percentage composition of oils was 

computed using the normalization method from GC 

Isolation (~/'essential oils peak areas without correction factors. Percentage data 
shown are mean values for two injections. 

Oil samples were isolated from hairy roots with 
medium (preliminary studies showed no significant 
essential oil excretion into the medium) 8 days after Gas chromatography-mass spectrometl:v 
subculturing, and from the fruits and roots of the The GC-MS unit was equipped with a DB-1 fused- 
parent plant, by distillation-extraction for 3 h, using silica column (30 m × 0.25 mm i.d., film thickness 0.25 
a Likens-Nickerson-type apparatus with n-pentane ~tm; J. and W. Scientific Inc.) and interfaced with an 
as solvent, and by hydrodistillation for 3 h, using ion trap detector. Oven temps were as described 
a Clevenger-type apparatus. Oil samples isolated by above; transfer line temp. 280; ion trap temp. 220 ; 
hydrodistillation were used to estimate oil yields and carrier gas He at 30 cm s ~; split ratio 1:40: ionization 
those isolated by distillation-extraction to determine energy, 70 eV; ionization current, 60 llA: scan range, 
oil composition, since the chance of artefact formation 40-300 mu; scan time, 1 s. The identity of components 
was considered to be less when the latter method is was assigned by comparison of their Rls, relative to 
used. Cs C~,~ n-alkanes and MS with corresponding data of 

components of reference oils or of synthetic 
Synthesis (~f pseudoeugenol and cis- and trans-pseudo- compounds. 
isoeugenol 

4-Allyloxyanisole was synthesized from 5 g 4- Acknowledgements--This study was partially funded 
methoxyphenol and 3.4 ml allyl bromide in the pres- by the Anglo-Portuguese Joint Research Pro- 
ence of 200 ml DMSO and 2.2 g powdered KOH. The gramme Treaty of Windsor A1-B-8/95 and AI-B- 
mixt. was stirred at room temp. for 1 h (yield 95%). 20/96, and by the Junta Nacional de Investigaq~o 
2-Allyl-4-methoxyphenol (pseudoeugenol) was Cientifica e Tecnol6gica (JNICT) under research con- 
obtained by Claisen rearrangement and purified by tract PBIC/C/BIO/1989/95. The authors gratefully 
distillation-extraction in a Likens-Nickerson type acknowledge Prof. Dr M. Tepfer (INRA, France) for 

the A. rhizogenes strain (A4 pRiA~ 70GUS). Special apparatus. The pseudoisoeugenol isomers were 
obtained after rearrangement of pseudoeugenol under thanks are also due to Dr Teris A. van Beck (Wag- 
the influence of a satd soln of KOH in MeOH (1 eningenAgricultural University, The Netherlands) for 
pseudoeugenol: 3 strong base soln v/v) at 160' for 1 h an authentic sample of geijerenes. 

(yield 70% of trans-isomer and 30% of c/s-isomer). 
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