
T-XLEPOTRLATES I S  TISSUE CULTURES O F  S I S E  
DIFFEREST T'XLERILrlNAACEAE SPECIES IN COMPL4RISON 

TO LITERXTCRE DXT-A O F  THE INTXCT PL-ISTS 

H. BECKER and E .  SCHR-ILL 
Imtititt  j i i r  Phariiia:eutische Biologie der  14ii;~ersitiit  Heidelberg,  Im Seire)ilieinier 

Feld 364, 6900 Heid t iberg ,  Federa! Repirblic o,f GerinaTiy 

TR.icr.-Tissue cd tnres  of nine different species of T-alerianaceae plants 
)i!z o_;Ticiiiolis L.,  I-. ai!! ichi i  DC., T7 .  iil!iorizfo!ia T-ahl, I-. smibirc<foliu. Mik,  

Fedia coriiiicopi,re (L.) Gaertn., Cetitriiiithirs ri iber (L.) DC.,  Thleriat ie l le  den to fu .  iL.)  
Poll.,  l-. eli'!i corotiot,i tL.) DC., and 1-. ello l o c i ~ s ! ( ~  ( L . )  Later)  have been analyzed for 
their valepotriates. The amount of valepotriates was compared to  literature da ta  of 
intact plants. In some cases ie.g. Fedii i )  the  relative amount in tissue cultures m-as 
higher than in the intact plant. 

Several plant. ithin the famil! of the T-alerianaceae .lion- a -edative effect. 
According to pharmacological inve*tigation+ i 1). at least part of thi. effect i- due 
to a group of iridoid sub-tances referred to by Thie- a i  ralepotriates ( 2 ) ;  cf. fig. 1. 

FIG. 1. Structure of the main valepotriates 

Didrovaltrate: R1, 1<3=1\-. R*=.lc. 

Isc~valerox!-h?-dro\ydidroval t ra t e Isovaltrate R1, R3=IT;  RZ=Ac. 
R ' = I I T ,  R ? = I \ - :  R3=.lc; R 4 = O H  
-le =-OOC-CH, (acetate) .  

1-altrate. R1, R?=IT-. R3=.lc. 
-lcevaltrate: R1=AIT : R 2 = I V ;  R3=Ac. R < = H .  

IT- =-OOC-CH,-CH(CH,), (isovaleric acid). 
.lIT-=OOC-CH,-C (CH, 1 2  

111- =-OOC-CH-CHtCH,), 
O,CO.CHs (3-acetosyioxysovaleric acid). 

O.CO-CH?-CH (CH,), (a-isovaleroylosyisovaleric acid). 

In  a previous paper: we reported that root organ cultures and undifferentiated 
tissue cultures of I-. wzllicliii contained the niain valepotriates, valtrate, ace- 
valtrate, and didrovaltrate. known from the intact plant ( 3 ) .  These results are 
not only of theoretical interest but could also he of practical use (4) because of the 
increasing need for crude drug and isolated valepotriates. In  order to see lj-hether 
valepotriates are also accumulated in l i t ro  by other Valerianaceae plants. n-e in- 
itiated t k u e  cultures of diff erent species. from which n-e could get either fresh 
parts of the u-hole plant or Tiable seeds. C p  to non-. nine different specie.? have 
been grown as agar cultures: tu-o of ~~-1iich n-ere also established as cell suspension 
cultures. 

ESPERIMESTAL 
INTI ITIOS . ~ S D  \I.IISTES.\SCE or TISSUE CKLTL-P.ES.- l7 dlichi i  and I - ,  o-ficiiielis m-ere initi- 

ated from stem cuttings, all other cultures from aseptically grom-n seeds, according to the 
classical methods ( 5 1 .  Cultivation began on a basal Nurashige and Skoog's medium ( G )  n-ith 
different amounts of a-naphthaleneacetic acid (1-5 mglliter) and kinetin (1-2 mg ' l i ter) ,  In  
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all cases coconut-viater (10%) was added for the initiation and first passages. It was omitted, 
however, in the following subcultures. The cultures were maintained in 12 h/d light a t  room 
temperature (2212' C). They were subcultured every 3 to 4 weeks. Early growth responses 
of the explants are described elsewhere in detail ( 7 ) .  

E x T R ~ c T ~ O s . - ~ h e  cell mass of 10 flasks was harvested and freeze-dried three weeks after 
subculturing. One g of freeze-dried tissue was extracted three times with 50 ml of CH2C12 in 
a homogenizer. The residue was dis- 
solved in 2 ml of ethylacetate and used for tlc and quantitative evaluation. 

THIX ATER CHROVITOGRAPHT.--U) for qitaniztetzce estzmetion. lager, Silica Gel 6 0 ~ ~ ~ ~ ;  
solvent, n-hexane-ethylmethylketone (80.20, v h ) ;  detection, (1) uv 254; ( 2 )  dinitrophenyl- 
hydrazine (8). 

b )  for  pe l z ta i z t e  estznteizon. solvent, dichloromethane-ethyl acetate-acetone (48.1:1, v /v /v j  
(9); other conditions as above. Reference substances. valtrate,  didrovaltrate, acevaltrate, 
and isovaleroxydidrovaltrate .l 

QUINTITSTIYE EYALUITIOY or THE VaLEPoTRIITES.-The quantitative evaluation of valtrate 
and acevaltrate n-as done according to Stahl and Schild 110). Both valepotriates were sepa- 
rated by tlc and measured by direct photometry. We were able to  evaluate didrovaltrate in 
a similar way. -4 calibration curve for each substance n-as established from the plate used for 
the test. The values represent the average of three assays. T*ariation coefficient; valtrate:  
2.4yc: acevaltrate. 2.8yC, didrovaltrate 4yG. 

SPECTROPHOTOMETER -PM QII  (Zeiss) ~ remission (Pr-Mj: valtrate and acevaltrate a t  256 
nm, slit,  1 x 6 mm; amplification, I I / M l / 9  didrovaltrate a t  208 nm; slit,  2 x 6 mm; amplifica- 
tion, II/F/lO/L 

RESULTS A S D  DISCUSSION 

The extracts were filtered and evaporated to  dryness. 

All but one tissue culture produced valepotriates in detectable amounts. 
Only the cells of V .  of ic iaal is  did not contain valepotriates. This may be due to 
the fact that valepotriates are only found in the roots of this plant, while the 
other plants contain the substance in the foliage as well as in the roots (11). The 
biogenetic capability of green tissue cultures resembles that of the foliage of the 
intact plant rather than its roots. 

The capability of the eight other cultures to produce valepotriates is not only 
expressed during the first passages, but persists for a longer period. Eight spe- 
cies have nov  been cultivated for a t  least one and a half years. Tissue cultures of 
V .  wallichii have been cultivated for three and a half years, and they still produce 
valepotriates. 

The different cultures vary in their spectrum as well as in the quantitative 
amount of valepotriates. The qualitative comparison of the valepotriates n-ith 
the solvent system of Van Neer and Labadie (9) shoTved that valtrate can be 
detected in fair amounts in all cultures. Isovaltrate is only present in V .  wallichii 
in fairly good amounts. In  Fedia, V .  ella dentata, V .  ella coropiata, and V .  ella locusta 
only traces are found. The occurrence of isovaltrate in Centranthus ruber is un- 
certain. The highest amounts of didrovaltrate are found in Fedia and, to  a lesser 
degree, in V .  wallichii. Acevaltrate is found in all Valerianella species and in V .  
alliariifolia. Isovaleroxydidrovaltrate is shown to be present in Fedia,  V .  ella 
dentata,  and V .  ella locus fa .  

Many tissue cultures of medicinal plants produce secondary compounds known 
from the original plant. Hon ever, the amount of these compoundi: in culture is in 
most cases loner than in the plant (4. 12, 13). In  order to classify the amount of 
valepotriates of our cultures. n e  compared them n i th  literature data of the roots 
of intact plants (see table 1). 4 s  most of these data u-ere obtained by direct 
photometry of tlc-plates (IO), we chose the same method. Though valtrate and 

'The authors want to  thank Dr. Thies, Kali Chemie, Hannover, Germany, for authentic 
samples of the valepotriates. 
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i*ovaltrate can be detected by tlc (9), the resolution does not allon- a separate 
ectimation by direct photometry. -4s seen in table 1. the amount of ralepotriates 
in I*. Lallicli i i ,  I-. ella de i i ta fa .  and J'. ella coroiiata lie< nithin the range of the 
root' of intact plants. For Fedia and 1'. ella locusta.  n-e even found higher amounts 
than in the intact plants. Besides I'. oficiizalis,  which did not contain any vale- 
potriates, only t'. alliari<folia had much less valepotriates than the drug. 

TABLE!. Relative amount of the main valepotriates in tissue culture of different Valerianaceae 
1-alues are expressed in 5 dr5- %-eight ( a ) :  these are compared t o  literature da ta  species. 

for the roots of the corresponding intact plants (b).  

~ T'altrate Isovaltrate Didrovaltrate ;icevalt rate 
Tissue culture species 

l a l b  i a ~ b ~ a  
-1- 

--__ 
l'aleriaiio o-ecinalis , , , - 

l'aleriaiin w l i i c h i i . .  . . i 0.66 
l'aleriana all iarii foli i i  . . 1 0.36 

Fedin cornucopiae . .  

lhderiai ie l la  coronala.  . . . ~ 0.61 
1'alerianella l ocus fa .  . . . 0.88 

0.05-1.0" 
0 G b  
2 . 2  

0.6= 

0 2 4 ) . 6 a  
0 . 5 4 ,  iz 
0.05. 

- 

- 

~ 0 0 1  

0 0 6  , 0 3  
traces 
0 30 
0 0 6  ' - 
traces 1 traces 
traces traces 

traces 
I I 

- 

I 0 10 1 4  

' 0 0 1  

- 

0 34 
0.23 
0.02 
0.08 
0.10 
0 19 
0 . 4 5  
0.21 

b 

0.01 
0 . 4  

0 0 1 4 . 0 2  

0.05 
0.05 
traces 

- 
- 

- 

aSee ref. (10). 
bSee ref. (14). 

T1ie.e rebults .lion- that tissue cultures of I'aleriaria species could be a useful 
source for valepotriateb. For comniercial use, lion ever, the amount of these pro- 
ducts must still be increaced. In  order to find the best conditions for bi0rna.s 
and secondary product formation. n-e nil1 try to isolate variant strains of one 
species. 
Recei ied  20 Febri iarj  1980. 

LITEI?.\TURE C I T E D  
1. 
2 .  
3. 
4. 
5. 

H.-R. 1-on Eickstedt and S. Rahman, drri ie i t i i . -Forsch. ,  19, 316-319 (1969). 
P. W. Thies, Teirahedron,  24, 313-3-17 (19F8). 
H. Becker, R .  Schrall and W. Hartmann, .4rch. P h a r n i . ,  310, 481-484 11977). 
H. Becker, A r c h .  Pharni .  X i t i . ,  39, 273-279 (1969). 
Plant Tissue and Cell Culture. Bot. 1IononraDhs. Tol. 11. Ed. :  H .  E. Street. Blackwell 
Scientific Publications. Oxford 11973). 
T. Xurashige and F. Slioog, Physiol Ploiit , 15, 473 (1962). 
R .  $thrall and H. Becker, =Icfn Horf ic ir l fz trae,  96 Spices and medicinal plants, 75-83, (1980) I  

8. 

9. 

E.  Stahl, ed.: Dinitropheni-lhrdrazin-reagent in:-Thin Layer Chromatography, Springer, 
Berlin, S e w  Tork, Heidelberg (1967). 
L. H. T-an 1Ieer and R. P. Labadie, Aihstracts  of the 25th Annual 1Ieetine: of the "Gesell- 

Y 

schaft fur Arzneipflanzenforschung", p.  51 (1977). 
E. Stahl and IT. Bchild, PhI toche , , i i s f r j ,  10, 147 (19i l ) .  
E.-.D. Funke and H. Friedrich, P h I t o c h e m i s t r y ,  13, 2023-2024 (1974). 
E .  Teuscher, Pharttiozie 28, 6-18 i19i3). 
F. Constabel, 0. L. Gamborg, W. G. W. Kurz and W. Steck, Plaiitu ~rredica 25, 158-165 
(19i4). 
J .  Holzl and K. Jurcic, Platifa medica,  2i1 133-139 (1975) 

10. 
11. 
12. 
13. 

14. 


